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PREFACE  TO  THE  FOURTH  EDITION. 


The  translation  now  presented  to  the  reader  has  been  made 
from  the  twelfth  edition  of  Professor  Fuchs's  celebrated  book. 
Besides  the  numerous  additions  and  corrections  which  Dr.  Fuchs 
has  inserted  in  all  parts  of  the  book  and  a  number  of  new  illustra- 
tionsy  there  has  been  added  a  whole  new  part  constituting  a  general 
introduction  to  the  work.  This  valuable  addition,  comprising  some 
sixty  pagtes  %(  matter,  which  is  nearly  all  entirely  new,  considers  in 
an  eminently  lucid  and  conservative  way  the  general  physiology  of 
the  eye,  and  the  pathology,  etiology,  symptomology,  and  treatment 
of  eye  diseases  as  a  whole.  The  helpfulness  of  this  feature  of  the 
book  in  introducing  and  elucidating  the  portions  which  follow  and 
which  relate  to  the  diagnosis,  pathology,  and  treatment  of  the  special 
conditions  in  turn,  will,  we  believe,  be  much  appreciated  by  both  the 
student  of  ophthalmology  and  the  general  practitioner. 

The  present  edition,  like  the  previous  ones,  contains  both  in 
text  and  illustrations  numerous  additions  by  the  translator.  These 
will  be  found  mainly  in  the  sections  on  functional  examination,  motor 
anomalies,  refraction,  and  operations.  For  these  insertions  (dis- 
tinguished by  being  inclosed  in  brackets  and  also,  when  of  any 
length,  by  being  signed  with  the  initial  D),  the  translator  is  wholly 
responsible. 

In  view  of  the  favorable  reception  accorded  to  the  previous 
American  additions  of  Professor  Fuchs's  work  in  this  country,  the 
translator  has  little  hesitation  in  offering  still  another,  particularly 
as  the  German  edition  upon  which  it  is  based  represents  an  essen- 
tially improved  form  of  a  work  which  has  already  proved  to  be  of 
value  to  so  many — and  of  a  work,  moreover,  which  in  matter,  scope, 
and  treatment  contains  so  much  that  appeals  both  to  the  professed 
ophthalmologist  and  to  the  general  practitioner. 

Alexander  Duane. 

139  Ea8t  Thirty-Seventh  Stbiset,  New  York, 
June  1, 1911. 
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GENERAL  PHYSIOLOGY  OF  THE  EYE. 

In  many  unicellular  organisms — animals  ami  plants,  bacteria  ami 
otozoa — sensitiveness  to  light  is  a  property  of  the  body  as  a  whole. 
the  more  highly  organized,  muUieellular  animals,  sensitiveness  to 
bt  is  no  longer  a  function  of  the  whole  body,  but  is  taken  over  by 
l^rtain  cells,  which,  in  contra<listinction  to  the  rest,  have  retained  the 
property  of  reacting  to  light.  In  its  simplest  form  a  visual  organ  of  this 
ort  cjonsists  of  an  epithelial  cell  connected  with  a  nerve  fiber.  The 
pttbelial  c^ll  has  the  power  of  transforming  light  into  another  form  of 
of  such  a  character  that  it  can  be  conducted  along  the  nerve  fiber 
|€cntral  nerve  organ.  Even  the  eye  of  man  is  essentially  reducible  to 
type  of  apparatus,  which,  however,  here  is  developed  to  the 
perfection.  For  here,  instead  of  a  single  sensory  epithelial  cell, 
f  are  an  enormous  number  of  such  cells,  which  are  united  to  form  the 
ptina  and  optic  nerve.  This  is  the  essential  part  of  the  eye,  and  with 
formation,  too,  the  development  of  the  eye  begins  (outgrowth  from 
be  rudimentary  brain  of  the  primary  optic  vesicle,  which  gives  rise  to 
[retina).  All  the  other  parts  of  the  eye  develop  later  and  are  designed 
[»rotection,  for  nutrition,  or  for  optical  purposes.  The  exterior  fibrous 
iv^elope  of  the  eyeball — cornea  and  sclera^ serves  to  protect  the  delicate 
Btina;  the  uvea  subserves  nutrition;  and  all  of  these,  together  with  the 
pns,  help  to  make  a  better  optical  apparatus — the  cornea  and  the  lens 
the  way  in  which  they  refract  light,  and  the  uvea  because  of  its  light- 
^ulating  diaphragm,  the  iris,  and  because  of  its  dark  pigment. 

I.     Exterior  Fibrous  Coat  (Corneo-Sclera), 

The  chief  function  of  the  corneo-sclera  is  to  protect  the  inner  coats 
r»f  the  eye,  and  lis,  most  important  property,  therefore,  is  its  rigidity. 
This  18  effected  in  the  following  way :  the  cornea  and  sclera  are  composed  of 
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densely  laminated  and  interlaced,  inflexible  connective-tissue  fibers,  which 
are  traversed  by  a  moderate  number  of  elastic  fibers,  so  that  with  great  ^ 
rigidity  there  is  afforded  a  slight,  but  only  a  slight,  degree  of  elasticity. 

The  rigidity  of  the  corneo-sclera  is  lessened  at  two  points — ^first  and 
most  at  the  spot  where  the  optic  nerve  enters  the  eye  and  where  the 
sclera  is  reduced  to  a  set  of  delicate  fibrous  bands  called  the  lamina 
cribrosa;  next  at  the  corneo-scleral  margin  where  the  scleral  gutter  is 
tunneled  into  to  form  Schlemm*s  canal.  Hence  the  spot  where  the  optic 
nerve  enters  the  eye  is  the  first  place  to  yield  to  intra-ocular  pressure 
(pressure-excavation);  and  the  corneo-scleral  margin  is  the  typical 
location  for  a  rupture  of  the  fibrous  coats  of  the  eye  due  to  external 
violence.  The  slight  degree  of  elasticity  of  «the  corneo-sclera  is  the  reason 
why  a  uniform  expansion  of  the  latter  does  not  take  place  when  the 
intraocular  pressure  is  increased,  except  in  youth,  when  the  elasticity  is 
still  fairly  great  (hydrophthalmus).  As  age  increases,  the  corneo-sclera 
becomes  less  and  less  elastic,  and  admits  of  only  partial  protrusions,  and 
in  these,  moreover,  it  is  no  longer  a  question  of  simple  stretching  but  of 
rupture  also  (in  the  cornea,  ruptures  of  Descemets  membrane  in  the  case 
of  hydrophthalmus  and  keratoconus;  in  the  sclera,  ruptures  of  its  inner- 
most lamells6  in  the  case  of  scleral  staphylomata).  The  slightness  of  the 
elasticity  makes  itself  apparent  also  when  there  is  reduction  of  the  intra- 
ocular tension.  In  a  more  elastic  eyeball  such  reduction  would  lead  to  a 
uniform  contraction  of  the  organ,  whilst  in  the  human  eye  in  this  case 
folds  are  formed  both  in  the  cornea  and  sclera  (e.g.,  in  atrophic  and 
phthisical  eyes). 

Rigidity  alone  would  not  afford  the  eye  suflScient  protection.  "Pain 
is  man's  guardian.''  The  sclera,  which  in  large  part  lies  imbedded  in  the 
orbital  tissues,  does  not  need  to  have  any  great  sensitiveness,  and  hence 
has  but  few  nerves;  but  tjje  cornea,  which  is  directed  toward  the  outer 
world,  has  the  greatest  4Bensitiveness  of  any  part  of  the  surface  of  our 
body  and  has  consequently  the  greatest  profusion  of  nerves.  A  dense 
plexus  of  nerve  fibers,  in  fact,  lies  in  the  epithelium  itself,  a  thing  which 
is  not  the  case  elsewhere  on  the  surface  of  the  body.  Hence  it  is  that  in 
most  men  even  the  slightest  contact  of  anything  with  jthe  cornea  starts 
up  a  sensation  not  of  pressure  but  of  actual  pain;  and  in  this  is  found 
security  for  the  fact  that  the  most  inconsiderable  lesions,  the  smallest 
foreign  bodies,  excite  our  attention  and  are  not  neglected.      j 

Besides  its  function  as  a  protective  organ^  the  cornea  has  an  optical 
function  to  fulfil.  It  must  be  transparent  in  order  to  admit  the  light 
rays,  and  it  takes  part  in  their  refraction. 

The  transparency  is  dej^ndent  on  two  factors.  The  positive  factor  is  the  composi- 
tion of  the  cornea — the  fact  that  it  is  built  up  of  lamellae  which  are  very  homogeneous, 
refract  the  light  equally,  and  have  comparatively  few  cells  between  them.  The  negative 
factor  is  the  absence  of  opaque  tissue,  above  all,  the  absence  of  blood-vessels. 

That,  in  order  to  secure  complete  transparency,  it  is  necessary,  for  all  parts  of  a 
tissue  to  have  like  refract  ivity  is  proved  by  the  following  exjxjriment:    If  »we  grasp  an 
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-for  tsutiuice,  a  pig*8  eye  which  is  being  u»«!  for  praetiBing  operations  on— between 
'  fingM«  mk)  »(^uc9e2e  il  hard,  the  cijrnea  at  once  Ijecoraes  cloudy,  and  when  the  pre»- 
i  b  ftsteiMed  becomes  clear  again  just  ii.s  tiuickiy.    The  orif^inal  iiasiimption  that  here 
t  dcAUng  with  the  same  s<:>rl  o(  thlii^  as;  occurs  in  the  pressure  opacity  in  case«  of 
__  .  ntUBt  be  di^CArdeil,  for  in  this  exi>erirnent  when  the  proÄmiit»  of  the  finizers  is 

f«lax«d  Ibi*  tmn«parency  returns  iit  onct\  wliile  in  glaucoma  after  the  increase  in  tension 
ilisftppean»  it  still  takes  some  time  for  the  cloiidiiie^  to  pas^  uway.  The  explimation  of 
~^  "  tiomenon  is,  rather,  a«  follows:  The  cornea  consists  of  fifjors  which  nni  in  differ- 
rtions  in  the  different  layers.  When  we  press  the  eyeball  hetweeti  the  finj^rs» 
ers  undergo  a  ^stress  which  varies  in  intensity  according  to  the  dire<'tion  in  which 
er»*  mn.  One-«ided  tnurtion  or  prt^siire  makes  a  t<in]£fle-ref meting  .substance 
tfraetiii^t  and  this  holds  gcM>d  for  the  fil>ers  o\  the  cornea,  ha  we  can  convince 
ives  by  examination  with  the  |^»olarizatitio  micn>hCO{X'.  Öwinjf  now  to  the  fact  that 
f*rh  of  the  cornea  have  become  unetpially  ilouble-refractin^t  a  my  of  light  passing 
^li  tJie  layers  of  the  cornea  i^  fliminrshe<l  in  brightness  just  as  in  pansing  through  a 
Niool  prifim  (Fleischl).  8ncli  unefiual  refnictivity  of  the  separate  layers  of  the 
,  &  tlw  catiM*  of  majiy  o|)aeities  which  wc  «ee  clinically.  Wc  i^ometinies  olj^^erve 
«triff  or  reticulate  opacities  which  are  called  keratitis  striata,  but  errone- 
I  inflÄmmatory  changes  are  aljsent.  What  we  find  is  a  wrinkling  of  the  cor- 
L%  and,  a*  a  result  of  this,  opariue  sjxjts  develop,  although  the  individual 
►  ÄPP  p<*rfnctly  transparent. 
Ueiumy«  however.  ojKUfmtirm  of  I  he  cornea  i»  due  to  tissue  changes.  Even  mere 
eookini:  of  »he  comejU  lamellu'  with  liijuitl  makes  them  swollen  and  cloudy.  On  this 
iui  ^pt^bd»  the  cloudint»©  of  <he  cornwi  i>ccurring  with  lesions  of  the  endothelium,  in 
^uence  of  which  the  acpieoiLs  enters  the  cornea  frf>m  l»ehind.  So,  too,  soaking 
rhrymal  fluid  from  in  front  makes  the  bonkTs  of  corneal  ulcers,  antl  particularly 
Tk*r8  of  fla(>-etlgiHi  wounds  of  the  corneal»  cloudy  and  swollen.  In  glaucoma  the 
I  of  the  corneal  is  ca\ise<i  by  flin'd,  which  is  thrown  out  in  minute  rlroplcts  par- 
<y  between  the  epithelial  cells.  The  marker!  ckjudinoss  present  in  n»eent  iiiflam- 
of  llie  coniea  is  ciiilhchI  l>y  the  liefHisition  of  cells  and  of  unorganizeii  cxufjate 
hftwvrn  the  csomeal  bmella\  After  the  snlisldence  of  the  inflammation  new-formed 
COODecttve  tif*süe  and  vessels  may  remain  Ijetween  the  corneal  lamelhe,  antl  thus  pn>- 
fioDB  a  permanent  opacity,  while  in  true  scars  of  the  cornea  the  comenl  tissue  is  actually 
iffibierHl  by  connective  tissue. 

Thf?  fwn-vascularitff  of  the  cornea  is  a  condition  needeti  to  satiny  the  re<jnirementa 
of  perfect  transparency,  yet  there  is  no  iloubt  that  under  certain  ciivumslunces  this 
bok  of  voaeels  ib  disastrous  for  the  cornea.  Under  nomnd  conditions  the  nutrition  of  the 
eoincft  »  effected  satisfactorily  even  without  vessels,  but  under  pathological  conditions 
*  demands  are  made  tipon  tissue  rnetamorphoHis.  When,  after  a  lesion  of  the  sur- 
rtthelium  bacteria  invade  the  tissues  of  our  botiy,  the  latter  defends  itself  against 
aders  by  means  of  bactericidal  and  antitoxic  substances,  which  to  a  et?rtain  ex- 
'  already  present  in  the  bliKxl,  an<l  by  means  of  leucocytes  which,  under  the  gui*'« 
j«jcyl4«<*  tiike  up  the  bacteria  and  digest  them.  When  the  invasion  of  l»acleria 
in  vamiularure«!  tissue  {e.g.t  the  cutis),  capillar>^  loops  Ue  everjwhere  very  close 
ad,  from  which  the»  bloiKl  can  act  upon  the  germs  at  once  in  the  marmer  abo%'e 
C«rtain)y  it  is  in  thi>i  way  that  the  vast  majority  of  infections  in  our  body 
kI  iti  the  bud.  It  is  otherwise*  in  the  non-vascnlar  cornea.  This  normally  con- 
rio  protective  auli«tances  in  its  tissue  fluid.  Invading  gemis  at  first  multiply 
«nhofNlerf^l  until  they  have  fonne^l  sti  much  toxin  that  the  latter  gets  to  the  marginal 
ttaM^  of  the  cornea  and  causes  their  dilatation.  As  a  result  of  this,  the  protective  sub- 
iymrvn  of  fJie  blr»od  and  al-üo  the  leucocytes  pass  over  into  the  cornea,  but  even  then 
tbey  h^ve  to  get  btick  to  th*»  place  where  the  germs  are  aeeuTiiulate<l.  Hence  ibo  dis^ 
**Tt  fnir^  *^Hi  flitli  "^  the  lesion  to  the  ronieal  manrin  has  to  be  travers<*d  twice  riTToro 
mr  ffflwtftngti^  «  nmdp  upnti  thi>  ittctfria.  anH  m  the  meantune  a  con-^iderrilile  muUiuli- 
it>t»  Iftft^r  m;tv  ]i;lv^-  hikru  place.  The  distance,'of  course,  is  the  lnTi*:cst  in 
tkt eüie oilSotm  which  occupy  the  center  of  the  cornea,  anfl  this  accmmts  for  the  fact 
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that  the  most  dangerous  lesions — those  which  lead  to  ulcus  setpens — lie  almost  alwa3rs 
in  the  center  of  the  cornea.  The  superficial  lesions  of  the  cornea,  such  as  produce  an 
ulcus  serpens,  certainly  affect  the  marginal  portions  of  the  cornea  more  often  than  its 
center,  since  the  area  of  the  former  is  greater;  but  in  this  case  the  maiiginal  loops  of 
vessels  are  so  near  the  lesion  that  the  germs  entering  the  latter  are  speedily  rendered 
harmless. 

To  the  non-vascularity  of  the  cornea  is  probably  also  attributable  the  fact  that 
the  latter  in  spite  of  its  more  solid  structure  is  so  much  more  often  the  site  of  ulcers  than 
is  the  conjunctiva. 

The  inflammatory  irritation  emanating  from  a  diseased  spot  on  the  cornea  pro- 
duces first  a  dilatation  of  the  vessels  at  the  comeo-scleral  mai^n,  but  if  the  irritation 
lasts  longer  it  produces  vascularization  of  the  cornea,  offshoots  growing  out  from  the 
marginal  vessels  toward  the  inflamed  area.  Thus  now  the  blood,  which  combats  the 
noxious  agency,  is  brought  to  the  battle-ground  directly  and  can  therefore  develop  its 
action  without  loss  of  time.  When  a  corneal  ulcer  is  spreading  steadily,  and  at  length 
we  see  the  new-formed  vessels  extend  at  one  spot  to  the  border  of  the  ulcer,  we  know 
that  here  no  further  progress  of  the  ulcer  is  to  be  apprehended,  the  vessels  opposing  an 
effective  barrier  against  the  disintegration  of  the  corneal  tissue.  But  often  the  vessels 
arrive  too  late  to  prevent  the  destruction  of  the  tissue,  the  loss  of  substance  having 
occurred  before  the  vessels  reached  the  diseased  spot.  Then  the  function  of  the  vessels 
consists  in  bringing  the  material  for  repair — i.e.,  for  filling  in  the  loss  of  substance  by 
means  of  cicatricial  tissue  in  loco.  Since  it  takes  a  certain  time  for  vessels  to  develop, 
then  the  more  slowly  the  inflammation  runs  its  course,  the  more  likely  are  we  to  see 
the  vessels  appearing  in  the  progressive  stage  of  the  inflammation  and  limiting  the 
latter.  In  cases  with  rapid  course  the  vessels  do  not  make  their  appearance  until  the 
end  of  the  process,  and  then  simply  initiate  repair.  Hence  the  tendency  which  conducts 
both  the  outpouring  blood  corpuscles  and  the  out-growing  blood-vessels  to  the  site  of 
an  irritation — a  tendency  which  has  a  general  applicability  for  our  body — produces  in 
the  cornea  the  characteristic  clinical  signs  of  keratitis  and  at  the  same  time  represents 
a  suitable  process  for  combating  the  invading  morbific  agent. 

The  non-vascularity  of  the  cornea  is  in  part,  the  cause  of  its  low  temperature.  Owing 
to  the  evaporation  of  the  lachr>Tnal  fluid  on  the  surface  of  the  cornea,  the  latter  gives 
off  more  heat  exteriorly  than  does,  for  example,  the  dry  skin.  To  the  latter,  moreover, 
more  heat  is  continually  supplied  by  the  blood  circulating  in  the  capillaries,  while  for 
the  non-vascular  cornea  this  direct  supply  of  heat  is  wanting.  Hence  when  the  eye  is 
open  the  temperature  of  the  cornea  is  scarcely  30**  [C],  and  because  of  the  thinness  of  the 
cornea  (less  than  1  mm.  in  the  center),  the  low  temperature  continues  to  the  deeper 
parts  as  well,  amounting  in  the  anterior  chamber  to  but  32°,  and  finally  in  the  vitreous 
to  36°.  The  closure  of  the  lids,  which  stop  the  evaporation  at  the  surface  of  the  cornea 
and  supply  warm  blood  by  means  of  their  vessels,  obviously  causes  the  temperature 
to  rise  at  once,  so  that  when  the  lids  are  shut  it  is  between  35°  and  36°  in  the  conjunc- 
tival sac.  The  low  temperature  of  the  cornea  makes  it  possible  for  mould  fungi  to  grow 
in  it,  while  they  cannot  flourish  elsewhere  in  the  living  human  body  because  the  tempera- 
ture is  too  high.  There  is  a  moukl-funpus  keratitis,  although,  to  be  sure,  it  is  rare 
(see  §36). 

With  regard  to  nutrition  the  fibrous  coat  of  the  eye  makes  few  demands.  Since 
its  function  is  merely  rigidity — and  fo;^  the  cornea  also  transparency — no  consumption 
of  material  worth  mentioning  takes  place  in  it,  and  the  amount  of  its  tissue  metamor- 
phosis is,  therefore,  very  slight.  The  sclera  is  nourished  by  the  few  vessels  which  it 
itself  i>os.Kesses.  The  cornea  gets  its  nutritive  material  from  the  vessels  of  the  comeo- 
scleral  margin — i.e.,  mainly  from  the  pretty  dense  marginal  network  of  the  limbus  and 
from  the  scanty  twips  which  the  anterior  ciliar>'  arteries  that  pass  through  the  sclera 
give  off  deep  down.  From  these  two  vascular  districts  superficial  and  deep  vessels  grow 
out  into  the  cornea  when  the  latter  is  inflamed.  Because  the  ti.ssuc  metamorphosis  of 
the  cornea  is  so  meagre,  the  deep  vessels,  few  as  they  are,  suffice  to  maintain  it,  for  we 
can  remove  or  cauterize  the  marginal  network  very  extensively  or  even  aU  the  way 
round  the  limbus  without  the  cornea's  becoming  necrotic. 
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The  nutritive  fluitl  passing  from  the  blf>f>«l-ves»elÄ  into  the  rornea  la  distributed 
ljiit«<r  by  tbfFusion.  The  former  8up|^>ositioji  that  ihe  lymph  circulated  in  a  öys- 
cavitie»,  the  juice-canal?*  of  Uecklinghatrscn,  ha<i  to  be  driven  up  when  attention 
drawn  tr>  the  gn.'Ht  aptitude  for  sweUi»^  which  Leber  showed  the  coniea  to  ]»os8eHä. 
D€}eB  liie  iiqucous  also  take  jiart  in  the  nutrition  of  the  coniea?  To  answer  thia 
c|acstkici  it  must  5mt  be  det4?nuitiiHl  whether  the  aqueoim  can  enter  the  cornea  at  all. 
With  fi^puti  to  the  behav  ior  of  a  tissue  to  a  fluid  that  bathes  it,  two  different  phy»ical 
proccaies  are  possible,  filtration  and  dioi^moBis.  la  filtrahon  the  fluid  ^oe>i  through 
the  mrjnbnine  without  chaii^e  of  compoj^ition,  and  only  the  undissolve« J  solid  con- 
■tltmeots  Are  kept  back.  Such  a  process,  for  example*  takes  place  when  the  a(]ueous 
throuirh  the  bKamentum  tX'Ctinatum.  In  tiiosmosis  (diiTusion  through  a  mem- 
,  oo  the  of  her  han<l.  the  fluiil  tis  such  dites  not  pasK  through  the  animal  membrane; 
we<*n  the  two  flui<.k  whicli  are  present  on  the  two  sitles  of  the  meml>nitje — ihiLs 
tiie  aqueous  and  the  laehiymal  fluitl  in  the  ca.se  of  the  cornea — there  taken 
nn  e:ichanfre  of  the  ilissolved  constituents  until  the  osrnolic  tension  oa  the  two 
of  the  mcmbnine  ha.*^  l>ecöme  the  same.  If»  as  the  Hsimplent  ca.se,  we  «uppcxse  that 
either  side  of  the  membrane  there  in  the  Hame  salt  sohjtion  though  of  unlike  concen- 
tloti.  «dt  w  ill  pum  from  the  side  of  «greater  concentration  to  the  other  Kide,  and  from 
latter  in  tuni  will  pass  in  the  optK>site  direction,  until  the  concentration  on  the  two 
ill  the  same. 

Which  of  these  two  processes,  filtration  or  dio«mo*iis,  occurs  betw^een  aqueous 
1  conira?  It  wa«  fomierly  assumed  that  there  was  filtration  of  tlie  aqueou.4  ff>rward 
tivugh  the  cornea,  and  it  was  beheved  that  a  continuotm  percolation  of  aqueous  was 
,r>'  not  only  for  the  nutrition  of  the  cornea  but  abo  in  order  tci  maintain  its  traiLS- 
This  view*  wais  based  on  the  followin/^  experiment:  If  in  the  eye  of  a  dead 
we  first  dry  the  surface  of  the  cornea,  an«l  then  squeeze  the  eye  between  the 
minute  droplets?  apj)ear  U()on  the  surface  of  the  cornea.  This  experiment  can 
rrpeiiteci  a  number  of  time«?,  the  anterior  ehaiidier  at  the  same  time  becoming  slml- 
«tn<l  shallower,  proving  thus  that  what  has  p:Ls,sed  throu^^li  the  cornea  is  the  aque- 
But  Leber  showe«!  that  the  ex|H'rimerit  succectls  only  when  the  eyes  ii»i»i  are  not 
Jy  fresh,  while  in  recently  enucleatetl  eye«  the  cornea  even  tiufler  stron|if  pressnre 
not  jdlow  any  fluid  to  pass.  If  this  were  the  case,  th*?  cornea  owing  to  its  prcat 
idency  to  »well  would  retain  the  Huirl  and  IwTome  swollen  and  ch>udy»  a  fact  in  »lirect 
intmdiction  to  the  idea  formerly  heM  that  imbibition  with  acpiwjus  was  necessary 
the  transparency  of  the  cornea.  By  what,  then,  is  the  passage  of  aqueous  ir*to  the 
L*»  prevent^l?  Acconrlin«:  to  Lel>er's  observations,  i>y  the  endothelium  of  the  pos- 
corneal  surface.  If  thL*«  is  exf)erimentally  remove«!  in  the  living  eye  at  any  «jxjt, 
m  at  the  same  sfK>t  becomes*  clouded  because  of  (he  aque<ius  that  ^ts  in  there, 
ne  thin^  occurs  under  pathola^ical  condition»  when  the  endothelium  m  injure* I, 
:»  by  inflammation  in  the  cornea  itself  or  by  the  deposition  of  inHammaiory  prtjdncts 
^jon  the  portterior  cc»nieal  surface. 

A  Fimilar  part  i.H  playetl  by  the  anterior  epithelium  of  the  cornea  with  rej^ard  to 
r  tnrhrvniaJ  fluid  which  bathes  the  anterior  corneal  surface.    The  tej^t  with  fluor«?«cein 
i-«    If  a  one-pier-eent  aqueous  solution  of  fluoreÄCHnn  is  instilietl  into  the  con- 
■<ic,  none  of  it  i>enet rates  the  cornea  so  lon^  as  the  epithelium  of  the  latter  is 
t4kct.    But  as  «oon  as  a  dt^ftn*!  in  the  epithelium  occttrs  at  any  sfiot,  the  cornea  at  that 
I  is  «tAined  an  intense  preen  by  the  fluorescein  that  enters  it.'     In  a  way  not  s^  yet 
incd  such  greenish  coloration  of  the  cornea  by  the  iiiHtillation  of  fluorescein  into 
junctival  sac  occurs  also  when  the  endothelium  of  the  cornea  is  defective,  e,|f., 
Icrratiti»  parenchjinatosa. 

Hence  filtnition  of  fluid  through  the  normal  cornea  does  not  cirist.    How  is  it  then 
dUmmotisf   A  priori  it  must  be  assumed  that  as  it  exists  in  every  animal  merabmne^ 


»Til«  »fitrance  of  fluorescein  into  the  c*>rnwi.  it  i»  truf,  occtir!«  by  n  proce«  not  of  fiUration  but 
_     dxttnmtm:  bm  even   for  tl««  liiMrr  th#  cpitlieUum  und  tlie  el^dotll^lillJU  uf  the  conteit  act  ttit  »vi 
i4ivtarfp  if  not  ••  »n  Ahac^ltite  Iwrripr. 


8  TEXT-BOOK  OF  OPHTHALMOLOGY. 

80  also  it  does  in  the  cornea.  In  practice  use  has  been  made  of  this  fact  for  a  long  time, 
solutions  being  put  into  the  conjunctival  sac  when,  as  is  the  case  more  particularly  with 
the  mydriatices  and  miotics,  it  is  desired  that  they  shall  act  upon  the  iris.  If  we  drop 
atropine  into  the  conjunctival  sac  and  then,  as  soon  as  the  pupil  has  dilated,  draw  off 
the  aqueous  and  drop  this  into  another  eye,  dilatation  of  the  pupil  takes  place  in  the 
latter  also.  This  proves  that  the  aqueous  of  the  first  eye  contains  atropine,  and  that, 
therefore,  the  atropine  salt  has  passed  from  the  lachrymal  fluid  into  the  aqueous  by 
means  of  diosmosis.  In  the  same  way,  when  chemically  active  foreign  bodies  or  an 
aggregation  of  bacteria  are  present  in  the  anterior  layers  of  the  cornea,  irritating  sub- 
stances pass  from  the  cornea  into  the  aqueous  and  act  upon  the  iris,  so  that  first  hyper- 
lemia  of  the  latter  and  afterwards  inflammation  with  exudation  are  set  up.  Both, 
therefore,  are  constant  accompaniments  of  every  violent  inflammation  of  the  cornea. 

Even  under  normal  conditions  salts  and,  to  a  slight  extent,  albuminous  substances 
get  by  means  of  diosmosis  from  the  aqueous  through  the  endothelium  and  Descemet 's 
membrane  into  the  parenchyma  of  the  cornea,  which  absorbs  them;  but,  owing  to  the 
fact  that  the  aqueous  is  poor  in  dissolved  matter,  this  process  is  certainly  of  very  sub- 
ordinate significance  for  the  nutrition  of  the  cornea. 

II.     Middle  Coat  (Uvea). 

The  uvea,  formed  of  the  iris,  ciliary  body,  and  chorioid,  has  for 
its  main  function  the  nourishment  of  the  nervous  portion  of  the  eye. 
Hence  it  lies  in  direct  contact  with  the  latter,  between  it  and  the  fibrous 
envelope,  and  is,  therefore,  called  the  middle  coat  of  the  eye.  It  origi- 
nates together  with  the  fibrous  coat  from  the  mesodermal  tissue  .that 
envelopes  the  ocular  vesicle.  This  tissue,  which  was  originally  homo- 
geneous in  structure,  becomes  steadily  differentiated  into  an  outer  and 
inner  layer,  corresponding  to  the  outer  and  the  middle  coats  of  the  eye. 
Finally  there  is  formed  an  actual  spatial  separation.  In  front,  a  large 
fissure  develops,  which  becomes  the  anterior  chamber,  and,  behind,  the 
connection  between  sclera  and  chorioid  becomes  almost  completely 
disunited,  so  that  here  is  formed  the  perichorioidal  space.  Thus  the 
membranes  which  originally  formed  one  single  tissue  are  finally  con- 
nected at  two  places  only,  i.e.,  at  the  spot  where  the  ciliary  body  is 
attached  to  the  sclera  and  at  the  margin  of  the  optic-nerve  entrance. 

Quite  the  reverse  are  the  spatial  relations  of  the  middle  coat  of  the 
eye  to  the  inner  coat,  namely,  the  retina  and  its  anterior  prolongation. 
The  inner  coat  of  the  eye  originates  from  the  secondary  ocular  vesicle. 
With  this  the  uvea  has  nothing  at  all  in  common  as  a  tissue,  but  simply 
III*«  in  contact  with  the  outer  layer  of  the  vesicle.  From  this  layer 
develops  later  the  retinal  pigment.  This  latter  simply  lies  on  the  inner 
surface  of  the  chorioid  and  ciliary  body  without  being  connected  with 
them,  yet  in  the  living  eye  very  rarely  separates  from  the  chorioid  and 
never  from  the  ciliary  body.  Still  more  intimate  is  the  connection  of 
thif  retinal  pigment  with  the  iris,  in  whose  tissue  the  muscle  fibers  of  the 
nphtncU'T  and  dilatator  pupillae,  which  are  derived  from  the  retinal 
|rffftn«rit,  lie  imUfdfhul.  That  is.  the  genetically  related  membranes, 
^  outer  and  thi*  middle  coats  of  the  eye,  lose  their  anatomical  connec- 
oa  tdmmi  eorrijiletely,  because  functionally  they  have  little  to  do  with 
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«^Ach  other,  while»  on  the  other  hand,  a  functional  relationship  leads  to 
an  intimate  connection  between  the  middle  and  inner  coats,  which 
genetically  are  perfectly  distinct.  |jM^  V^^ 

Beeide»  tht*  bnr^  cleAva«re  s\mce  lx*t\vei*n  the  outer  and  mid  din  eoals  of  the  eye» 
«hielt  mikmcrv^  the  circuLation  of  lymph  in  the  eye.  there  is  a  second  space  in  the  interior 
of  ilio  innrr  eont  ii&elt.  What  was  originally  the  actual  cavity  of  the  primary  optic 
nmde  h  convprtetl  by  the^*invaid nation  of  the  hitter,  which  goes  to  fonn  the  ocular 
into  »  virtual  cavity  only,  since  the  miter  and  inner  layers  of  the  cup  arc  every- 
►  in  cofilact  thouj^h  never  in  connection.  Thiü  retnains  j?o  throuph  life,  ami  hence 
,'inM>  eonanqiienres  th:it  are  pathologically  important.  The  retina  separates  from  the 
fnietnefit  «.^{uUietiun)  even  more  readily  than  the  chorioid  separates  from  the  ^lera  (a-s 
it  lima»  for  exam[)le«  after  o[)eration);  and  the  dn?ade<l  detachment  of  the  retina  is  noth- 
ing hul  the  re-transformation  of  the  virtual  cavity  ol  the  ocular  vesicle  into  a  r«»»d  one, 
Himilarly  in  the  inn  the  posterior  epithelial  layer  (inner  stratum  of  the  ocular  vehicle) 
««pormtts  rciidily  from  the  anterior  layer  (outer  stratum);  this,  for  example»  taking 
plan»  in  the  rupture  of  j)08terior  synechia*,  when  the  pa-iterior  layer  retnaint»  on  the  lens, 
the  atilenur  on  ÜR»  iris,  Irulee<L  a  spontaneous  Bejiiaration  of  the  jiostcrior  fn>n>  the 
anieripr  fpitbcUal  layer  occurs  not  infretpiently  as  a  senile  chatijce* 

The  figiiiiixj  of  the  uvea  is  sc>  contrivetl  that  the  iris  b  extremely  elastic  and  the 
ciliary  tiody  aiul  chorioid »  on  the  other  hand,  are  inel^iütic.  The  elasticity  of  the  iris 
t^AU«*  w  necessary  if  the  play  of  the  «phincier  and  the  dilatator  of  the  pupil  is  to  lake 
adtly.  The  elastic  character  of  the  iri.s  i«  shown  clinictdly  in  the  frerjuent  caACs  of 
ttfvX  incarceration  of  the  iri»,  e.g.,  after  eezematous  y leers,  when  we  often  see  the 
'  the  opfiofiite  side  drawn  over  to  the  very  margin  of  the  cornea  (Fig.  01).  If  we 
t<>  detiich  an  anterior  synechia  by  introducing  a  narrow  knife  into  the  anterior 
"  iind  trying  with  thiÄ  to  divide  the  tag  of  iris  that  run«  forward  to  the  cornea ^ 
*etni>t  is  ttsujdly  unsuccessful,  because  the  iris  ih  »o  elastic  that  it  is  more  readily 
\  than  cut  even  by  the  sharp  knife.  On  account  of  the  great  elasticity  of  the 
ctically  never  find  tramfverse  rupture  of  the  iri,s  after  injuries,  but  simply 
I  of  it  from  (lie  ciliary  body,  or  radial  ß.Ksures,  the  latter  lx^cause  owing  to  the 
Icoufse  of  its  bhxid-ves«eb  the  iris  is  very  readily  indeed  split  in  a  radial  direction. 
tinction  from  the  iris,  the  ciliary  body  and  chorioid  are  inelastic.  They  nij»- 
upon  cohtiiHion  of  the  eyeball,  after  which  splits  in  the  chorioid  are  often 
(äpLitn  in  the  ciliary  body,  although  they  are  also  not  mre,  cannot  be  seen 
Stress  of  ft  more  gradual  kind  may  also  lead  to  rupture  of  the  chorioitb 
:  to  the  atrophic  spots  which  occur  in  very  myopic  eyes  in  the  region  of 
I  fa,  we  often  find  ruptures,  e*i>ecial]y  of  tlje  lamina  vitrea,  with  gaping 
lorTi  %'i\^^,  cauftcil  by  stretching  of  the  chorioid  (Salxmann). 
In  corrrspondence  with  its  function  the  uvea  is  \eTj  richly  supplied  with  ve^aelif, 
mI  Is  hence  aUo  called  the  tunica  vasculoea.  The  vasctdar  f^NT^tem  of  the  uvea,  which 
I  a«  the  8>^tem  of  ciliary  vessele,  has  but  few  anastomoscH  with  the  conjunct ivnl 
I  at  the  margin  of  the  cornea,  and  still  fewer  with  the  vascular  system  of  the  optic 
I  and  the  retina  at  the  lionler  of  the  font  men  sclene.  But  within  the  uvea  itself 
oees  are  very  abundant»  The  arteries*  are  connected  by  means  of  two  ar- 
,  one  at  the  root  of  the  iris,  the  other  clcjse  to  the  pupillarj*^  margin.  Thr 
'  »rioid  are  arranged  in  whorls  or  vortices,  and  the  veins  belonging  to  anv 
V  horls  are  cormected  by  a  series  of  arched  anastomoses.  Hence,  di>?turlt- 
i>l  rtff'uiution  in  the  chorioid  citn  be  compensat<Hl  for  much  more  readily  than 
rtstina,  wht>He  ves«els  t>ossess  no  anastomo.se'r  connecting  thern  together.  The 
I  iif  \'7iÄCubr  occlusion— embolism  and  thnind)osis— which  in  the  retina  afford 
aractcristic  clinical  pictures,  in  the  uvea  can  at  most  Iw  demonstrated  auatomi* 
i  pnMuce  no  sym[»tom**  that  can  be  clinically  recognised.  The  only  unfavor- 
ctor  in  the  circulatory  condition«  of  the  uvea  is  causetl  by  ihe  arrangement  of 
'  leave  the  eye.    The  v^ortex  veins  have  to  carry  olf  out  ol  the  eye  almost 
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all  the  blood  of  the  uvea.  Owing,  therefore,  to  the  impossibility  of  speedy  compensation, 
ligation  of  these  veins  leads  to  serious  disturbances  of  circulation  and  to  increase  of 
tension.  The  vortex  veins  are  not  numerous  in  comparison  with  the  abundant  network 
of  veins  in  the  uvea,  and  in  the  region  of  the  equator  are  unfavorably  placed,  in  that  the 
blood  from  the  posterior  half  of  the  uvea  must  enter  them  by  a  retrograde  course  (i.e., 
from  behind  forward) .  Furthermore,  the  very  oblique  course  of  the  vortex  veins  through 
the  sclera  in  comparatively  narrow  and  indistensible  canals  may  lead  to  interference 
with  the  discharge  of  blood  from  the  eye. 

In  the  anterior  segment  of  the  eye  the  richness  of  the  uvea  in  vessels  is  of  service 
in  the  secretion  of  aqueous,  in  the  ]x>sterior  segment  is  of  service  in  the  nutrition  of  the 
retina  and  the  secretion  ot  the  constantly  consumed  visual  substances — of  which,  to  be 
sure,  as  yet  we  know  merely  the  \'isual  purple.  Both  objects  are  accomplished  by  the 
fact  that  the  chorioid  has  a  special  arrangement  of  vessels.  The  large  vessels,  which  do 
not  allow  nutrient  matter  to  pass  from  them  directly,  are  placed  in  the  portion  that  is 
furthest  from  the  retina,  and,  on  the  other  hand,  all  the  capillaries  are  united  to  form 
a  single  layer,  which  lies  as  close  to  the  retina  as  possible. 

Like  the  cornea  in  the  fibrous  envelope,  the  uvea  too  has  an  optical  function^  apart 
from  the  above-mentioned  production  of  visual  substances.  The  muscular  apparatus 
in  the  iris  and  the  ciliary  body  help  in  securing  distinctness  of  the  retinal  images,  and 
the  pigment  content  of  the  uvea  together  with  the  retinal  pigment  prevents  diffuse 
light  from  getting  through  the  iris,  sclera,  and  chorioid  and  reaching  the  retina  along 
with  the  light  that  passes  through  the  pupil. 

IIL    Inner  Coat  (Retina). 

The  retina  originates  from  an  eversion  of  the  anterior  brain  vesi- 
cle, and  is,  therefore,  to  be  regarded  as  a  protruded  portion  of  the 
brain.  It  is  the  primordial  part  of  the  embryonic  eye,  about  which  the 
two  other  coats  of  the  eye  become  differentiated  later  on.  The  structure 
of  the  retina  is  calculated  to  secure  the  best  possible  optical  function. 
For  this  reason  the  retina  must  be  transparent,  since  the  light-perceiving 
layer  of  rods  ana  cones  lies  on  its  posterior  side.  Hence  connective 
tissue  is  wanting  in  the  retina  in  every  place  except  the  walls  of  the 
blood-vessels,  and  even  these  are  transparent.  Moreover,  since  the 
blood-column  in  the  vessels  is  opaque,  it  is  reduced  to  a  minimum.  In 
many  vertebrates  the  retina  is  very  poor  in  vessels  or  is  .absolutely  non- 
vascular, and  in^man  the  fovea  centralis,  at  leastTwhich  is  the  spot  thiat 
is  most  important  for  "\gsion^  isdestltüg^opyie^^  The  optical  advan- 
tage wKich  arises  from  this  scantiness  of  vessels  entails,  it  is  true,  a  dis- 
advantage in  that  the  retina,  owing  to  its  great  consumption  of  material,  ; 
does  not  find  sufficient  maintenance  in  its  own  vessels,  but  both  for  j 
nutrition  and  for  function  is  also  beholden  to  the  vessels  of  the  chorioid. 
The  vessels  of  the  retina  proper  lie  in  the  inner  layers,  the  vessels  of  the  ' 
chorioid  (chorio-capillaris)  adjoin  the  outer  layers  of  the  retina,  and 
consequently  the  inner  layers  are  nourished  by  the' retinal,  the  outer  by 
the  chorioidal,  vessels.  Neither  one  of  the  two  vascular  systems  suf- 
fices by  itself  to  maintain  the  function  of  the  retina,  and  the  latter, 
therefore,  is  dependent  on  both  systems  of  vessels.  Diseases  of  either 
one  system  or  the  other  cause  injury  to  the  retina.  And  there  is  the 
additional  fact  that  the  relations  of  the  circulation  are  very  unfavorable 
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f«ir  t^  g^gipepsation  of  circulatory  disturbanceB.  The  retinal  vessels 
have  no  ana^omoses  with  each  otHerr''TtTg^etinaLai:t£ries  are  end- 
artffieSj  and  closure  of  any  of  them  at  once  puts  the  section  of  retina 
Sat  is  supplied  by  it  out  of  the  circoktiun.  Furthermore,  there  are  no 
kstonioses  worth  mentioning  between  the  retinal  and  ciliary  systems 
ves8eU^  so  that  the  latter,  whose  circulatory  relations  are  far  more 
Iftvorable,  cannot  substitute  for  the  former.  These  circulatory  relations 
»get her  ^nth  the  extremely  delicate  and  complicated  structure  of  the 
retina  cause  it  to  be  readily  diseased  in  spite  of  its  protected  situation. 

Di^afie»  of  the  retina  which  are  set  up  through  the  metlium  of  its  oum  i*(u*ndar 
«yiinn  occur  cither  as  the  result  of  circtilutory  disturbances  (rupture,  contract ion^  or 
[lOtclusiori  of  the  vessels)»  or  because  toxic  substances  arc  carried  to  the  retina  throuich 
blood  ♦  nephritic,  dialjetic,  naphthahnic  retinitis,  etc,)»  or  finally  bi*cauH<!  the  bacteria 
I  are  in  the  blood  are  arrested  in  the  capiUaries  of  the  retina  (this  occurrinic  prnbublv 
ny  forms  of  retiiiitift  liesides  true  metastatic  rctinitifi  in  the  narrower  sense  of  the 
^ilird).  The  influence  of  circulatory  disturbtmccK  in  the  ciliary  system  of  vüshcIs  ufHjn  the 
ntifiA  Hsu  been  studied  experiment  ally  in  animals, in  whom  ligation  of  the  posterior  cilia  r\' 
wtimes  produces,  firftt,  necrosis  ^ith  cloudines-s  of  the  retina,  and  afterwarfl  atrophy  and 
p^meatMiion.  In  man  the  results  of  such  a  circulatory  disturbance  are  not  precisely 
kaowiii  but  it  b  certain  that  in  places  where  the  chorioid  has  lost  its  vessels  the  retina 
)D  fU  outer  laj'ers  becomes  atrophic,  too— this  happening,  forexamplc^  in  high  myopia, 
I  ID  whicii»  corresponding  to  the  atrophic  spots  produced  in  the  chorioid  by  strerrhing, 
[Ihere  are  blind  spot^  in  the  retina.  Moreover,  when  the  ciliary  vessels  bring  phlngogenic 
öces  or  bacteria  into  the  chonoid  and  set  up  inflammation  there,  the  retina,  too, 
t suffer  at  once  on  account  of  the  intimate  relationship  between  it  and  the  chorioid. 
I  anatomical  sense  there  is  no  unmixed  chorioiditis,  but  simply  a  rc'tinoH?horioiditis^ 
the  miter  layers  of  the  retina  over  the  chorioiditic  sfiot  being  implicated  aa  well. 

IV.     Lens. 

The  lens  subserves  optical  purposes  exclusively,  and  in  many  re- 

tfards  U'haves  like  the  cornea.     Its  optical  function  is  not  associated 

|lritb  consumption  of  matter,  and  hence  nutrient  materials  are  required  by 

he  lens  only  in  extremely  small  quantities  in  order  to  keep  the  capsular 

pitbelium  and  the  lens  fibers  from  dying.     This  nutrient  material  the 

tns  receives  from  the  surrounding  liquids— the  vitreous  and  mainly  the 

^ueous^by  diffusion  throu^b  the  lens  capsule.     Definite  preformed 

bannels  for  the  circulation  of  liquid  within  the  lens  do  not  exist.    That 

metabolism  in  the  lens  goes  on  wiih  extreme  slowness  is  proved  by  the 

|faet  that  pathological   processes  in  the  lens   (opacities)   often  remain 

Itationary  for  an  uncommonly  long  time,  or  spread  but  very  slowly. 

Ill  another  regard,  tf>o,  the  lent*  in  Ukc  the  cornea.  The  lens  fillers,  like  the  fibers 
oC  the  cornea,  have  the  pnifwrly  of  abssorbing  hejuid  in  considerable  amount  and  eon- 
M|tMtfktly  of  »welling  up  and  becoming  opaqtie.  If  after  ot>ening  the  cai>8yle  we  place 
%  Icm  in  water,  or  if  in  the  living  eye  by  opening  the  lens  eaj^iule  we  give  the  aqueous 
■eem  to  the  len»  fibers,  the  lens  becomes  cloudy  and  swollen.  As  in  the  case  of  the 
tofttet^  we  must  ask  by  what  means  under  normal  conditions  the  lens  is  protected  from 
ihr  eiiinince  into  it  of  the  aqueoiLs.  Just  aa  in  the  cornea  it  i«  not  iMHcemefB  membrane 
^bm  its  emiothelium  that  kee^js  the  aqueous  back»  so  in  ihe  cai^e  of  the  lens  it  is  not,  or 
only  in  slight  degree,  the  capsule,  but  mainly  the  epithelium  of  the  latter  that 
I  the  same  object ,    Hence  everj^  lesion  of  the  cajj^uhir  ef)it helium  leails  scjoner  or 
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later  to  cloudinees  of  the  lens.  Thus  &re  explained  not  only  traumatic  cataracts  with 
rupture  of  the  capsule,  but  also  many  other  cases  of  cataract  in  which  the  epithelium 
is  injured  without  rupture  of  the  capsule.  This  behavior  on  the  part  of  the  lens  finds 
practical  application  in  the  procedure  of  making  a  partially  clouded  lens  completely 
opaque  (artificial  ripening  of  cataract).  This  procedure  consists  in  the  massage  of  the 
anterior  surface  of  the  lens,  so  that  the  capsular  epithelium  is  injured  by  compression. 
Another  cause  of  clouding  of  the  lens  is  afforded  if  the  composition  of  the  aqueous  or 
vitreous  is  essentially  altered,  or  poisonous  substances  are  present  in  these  liquids,  so 
that  now  as  a  result  of  diosmosis  through  the  intact  lens  capsule  the  liquid  that  perme- 
ates the  lens  undergoes  a  change  of  composition.  In  this  way  either  the  capsular  epithe- 
lium may  be  injured  and  thus  the  lens  fibers  be  rendered  cloudy  in  an  indirect  way,  or 
the  lens  fibers  may  be  affected  directly.  Thus  are  explained  the  opacities  of  the  lens 
dependent  on  poisoning  (e.g.,  naphthalinic  cataract)  and  also  most  cases  of  complicated 
cataract,  in  which  by  disease  of  the  inner  coats  of  the  eye  an  essential  change  is  set  up 
in  the  aqueous  or  vitreous. 

V.    Circulation  of  the  Lymph. 

With  regard  to  the  circulation  of  lymph  in  the  eye,  there  must  be 
considered  the  passage  of  nutritive  material  into  the  eye  (secretion) 
and  its  discharge  from  the  eye  (excretion). 

The  secretion  of  the  fluids  of  the  eye  takes  place  almost  exclusively 
through  the  uvea.  Besides  the  fluid  that  permeates  the  tissues  there  is 
found  a  pretty  large  accumulation  of  fluid  in  the  anterior  and  posterior 
chambers  of  the  eye,  which  are  hence  known  as  lymph  spaces.  To  call 
the  aqueous  lymph,  however,  is  incorrect,  inasmuch  as  the  aqueous 
in  distinction  from  lymph  contains  only  traces  of  albumin  and  but  few 
salts,  and  furthermore  does  not  clot  when  drawn  from  the  eye  by  punc- 
ture of  the  cornea.  Clotting  occurs  only  under  pathological  conditions, 
when  the  aqueous  at  once  acquires  a  large  content  of  fibrin  and  often 
forms  a  clot  even  when  still  within  the  living  eye. 

For  the  secretion  of  the  aqueoiis  the  iris  and  ciliary  body  are  of 
moment.  That  the  iris  alone  does  not  secrete  the  aqueous  is  evident, 
since  even  in  cases  of  absence  of  the  iris— congenital  or  traumatic — 
the  anterior  chamber  has  its  usual  depth;  and  in  such  eyes,  too,  the 
aqueous  when  drawn  off  is  rapidly  replaced.  But  it  does  not  follow  from 
this  that  the  iris  has  nothing  at  all  to  do  with  the  secretion  of  the  aqueous; 
a  small  quantity  of  the  latter  probably  is  derived  from  the  anterior  sur- 
face of  the  iris,  even  though  this  cannot  be  proved  with  certainty. 

The  aqueous  secreted  by  the  iris  can  leave  the  eye  again  by  way  of 
the  ligamentum  pectinatum.  But  the  aquecfus  that  is  produced  by  the 
ciliary  body  has  no  direct  exit.  It  must  first  pass  through  the  pupil  in 
order  to  get  out  through  the  angle  of  the  aqueous  chamber.  Hence  when 
in  seclusion  of  the  pupil  the  communication  between  the  two  chambers 
is  interrupted,  the  liquid  accumulates  in  the  posterior  chamber  and 
pushes  the  iris  forward  at  the  expense  of  the  depth  of  the  anterior  cham- 
ber, whose  contents,  however,  can  still  flow  off  so  long  as  the  root  of  the 
iris  is  not  jammed  against  the  periphery,  of  the  cornea  so  that  the  liga- 
mentum pectinatum  is  blocked. 
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I  «ny  eveot»  since  more  aqueous  is  aecrete«!  by  ihc  ciliarv  processa«  than  by  the 
erkir  »urfiici?  of  the  ins,  a  continuous  How  of  aijueous  must  tak«'  placo  fn:>ni  the  pos- 
riof  into  tbr  anterior  chamber  (ami  from  here  through  iht?  h^famentum  ^»ectinatnm 
c»!  the  cyo).  This  flow  is  conceit' able  :lb  takiniir  place  in  two  ways:  either  (I)  the 
eirig  wx^reted  in  a  unifonu  maimer  by  the  ciliary  proeesses,  flows  (juite  urii- 
»,  ftod  in  an  imixTceptible  current  through  the  pupil;  or  (2)  the  iU|tieoUü!  does 
r^Ibnmrd  thRiugh  the  pupil  continuously,  since  the  margin  of  the  pupil  is  held 
lIpilMt  Um»  lenii  by  the  pre^ure  of  the  liqiiifl  in  the  anterior  ehaiiitier  or  [»erhajis  by  the 
tour  oT  tbe  ephincter  pupilla^^  and  i^  hftetl  away  Jrom  the  lens  only  from  time  txj  time 
mbsBi  tin*  pressure  in  the  posterior  chiun^>er  ha-s  slowly  inei-eaj^tMl  until  it  is  somewhat 
'than  in  the  anterior  chamber,  the  result  beding  that  the  a<|tieou8  disehai^»«  it^/lf 
iäIs  throujffh  the  pupil  into  the  anterior  ehamlx^r.  In  thi»  latter  ease  the  pres^im» 
►  chambersi  would  Ix?  subject  t^  differences  with  j>€*riodic  e<|nalization,  although 
,  conceive  of  these  dilTenences  in  pressure  a.s  being  extremely  dight.  There  are 
^  obserx'ution^  which  arj^ue  the  possibility  of  »tich  difTerences  in  presi*ure  even 
^iipil  is  nonmdiy  ojjen. 
"|»verly  of  the  aqueous  in  db*solvc»<l  substancf^  arist»«  from  the  fact  tliat  the 
hkJ  plasmth  does  not  paüs  aj<  such  through  the  v<*ss<^l  walls,  I  ait  that  in  this  passage 
Ttaiti  H\il)«tanc€s  are  kept  back«  first  by  the  vessel  wail  itself,  and  also,  so  far  as 
ciLiitr>'  lioily  is  concerned,  by  the  epirht4i:d  w:ill  of  the  latter.  It  is  a  niatter  of 
lit»  in  common  with  the  other  isubstanees,  the  f>roteetive  b<Hlies  which 
ilurally  present  in  the  body  and  which  are  increased  in  cases:  of  disease, 
ifrotn  the  blood  into  the  aqU€»ous.  The  want  of  such  substances  in  the  aque- 
Ivom  (in  the  same  way  as  has  l>**en  shown  to  hold  good  for  the  con^ea)  the  otit- 
lot  bacterial  diseases.  Thcrf-after,  however,  owing  to  the  inflammatory  irritation 
and  the  dilatation  of  the  vess*'ls  that  are  associated  with  it.  there  results  tiie  passage  not 
only  of  an  increitsed  amount  of  albumin  ami  fibrin,  but  al*io  oi  the  alxjve-menlionetl 
|iroCerti%'e  bodies«  into  the  aqueouj*^  and  thus  the  inflammation  prr>duce!<  a  coincident 
eimigie  in  tb^  conditions  of  secretion  which  is  calculated  to  combat  the  harmful  agencies. 
With  reepect  to  the  quantity  of  a(|Ueous  that  is  scH-rt'ted  in  a  given  time,  fonnerly 

erateil  ideas  were  entertaini'd,    Obnervern  allejwfd  tiiems^^lves  to  be  It^l  astray 

(  fac^t  that  after  the  acpuHrtis  is  drawn  olT  the  anterior  chamlH*r  fills  full  again  in 

nix  minutes.     But  it  has  been  shown  that  the  newly  accumulates i  aqueous  is 

ntinlly  different  from  the  normal;  that,  in  fact,  it  is  very  rich  in  albumin  and  flbrin» 

By  the  paracentesis  the  oeidar  tension  is  suddenly  very  much  nHlueeil;  the  blootl  flows 

I  greater  quantity  than  ttsual  into  the  vess*^ls,  since  they  have  Ix-en  relieved  of  the 

are,  and  distends  them,  «o  that  a  li*p»id  rich  in  albumin  can  pass  through  their 

The  s^tormy  counie  of  this  proet*ss  Lh  prtnt^l  l»y  the  changes  found  b>   tJrt^f  in 

IhkIj  ,  whose  epithelium  soon  after  the  paracentesis  is  in  places  clet^ched  in 

fkii  vehicles  by  the?  liquid  which  flows  abundantly  from  the  vessels.    After  para- 

jinopeover,  just  as  in  the  case  of  inflanunation,  tlie  protective  IxMUes  [tresent  ia 

!  bloocf  pafct  over  into  the  aqueous.     We  have,  therefort?^  in  the  with<lrawal  t*f  the 

^ii^tiecms  a  means  of  transferring  thi^e  IxHUej^  into  aqueous,  a  fact  by  which  is  explained 

lh»  thentpedttic  effect  of  paracentesis  in  many  cases. 

The  rapid  accumulation  of  aqueous  after  it  has  l>ef*n  drawn  off  Is,  (herefore,  fa- 
[wj!«ii  by  the  artificial  change  of  the  pressure  rehitions  in  the  interior  of  the  eye;  but  it 
,  mistake  to  dmw  from  this  a  conclusion  as  to  tlie  physiological  secretion  of 
This  certainly  takes  phiee  with  comparative  f4owness.     According  to  I^>l>er*8 
it  take«*  throe-f|üarterB  of  an  hour  or  |>erhapis  longer  for  the  aqueous  to 
bt  famplcCely  n^newed. 

The  outflow  of  liquids  from  the  oyf^ — excretion— must,  obvioiiJuly» 

f«o[&r  as  it&  quantity  is  cuneerneLl,  lie  jirecisely  equal  to  the  inflow,  a^^ 

I  long  as  the  intra-ocular  prcBsurt'  reniaiuH  the, same.    As  regards  the  path 

of  the  outSoWf  it  muBt  be  premised  that,  both  in  the  eyeball  itself  and  in 
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the  orbit,  lymph  vessels  are  wanting,  the  conjunctiva  of  the  eyeball  alone 
possessing  them.  Hence  the  outflow,  so  far  as  it  occurs  in  preformed 
channels  at  all,  can  take  place  only  by  n^eans  of  lymph  spaces.  These 
are  in  part  recognizable  anatomically,  when  for  example  they  are  lined 
by  endothelium,  which,  however,  is  not  the  case  for  all  tissue  spaces  in 
which  lymph  can  flow.  In  that  case  experiment  serves  to  demonstrate 
the  lymph  passages.  Either  there  are  brought  into  the  blood  channel 
chemical  substances,  for  instance  potassium  iodide,  which  can  be  readily 
recognized  and  which  are  first  poured  out  into  the  eye,  and  then  leave  it 
again,  in  doing  which  they  can  be  followed  on  their  way  by  means  of  the 
characteristic  chemical  reaction  (Leplat);  or  colored  solutions  (carmine, 
Prussian  blue),  or  fine  suspensions  (india  ink)  are  injected  into  the 
interior  of  the  eye  (anterior  chamber,  vitreous)  when  they  indicate  by 
the  coloration  the  path  by  which  they  leave  the  eye.  Thus  there  has 
been  found  by  an  injection  of  a  solution  of  Prussian  blue  into  the  anterior 
chamber,  that  after  a  short  time  a  blue  coloration  can  be  traced  through 
the  ligamentum  pectinatum  into  Schlemm's  canal,  and  from  there  into 
the  ciliary  veins  that  anastomose  with  it  (Schwalbe,  Leber). 

The  lymph  passages  of  the  eye  (Fig.  1)  are  distinguished  into 
anterior  and  posterior. 

The  anterior  lymph  passages  carry  out  the  aqueous.  This  leaves  the 
anterior  chamber  through  the  lijgamentum  pectinatum.  The  latter  by 
the  superposition  of  numerous  feAestrated  lamellae  forms  a  finp,  filter 
(Figs.  148  and  149)  which  does  not  transmit  larger  Corpuscular  elements, 
such  as,  for  example,  the  red  blood  corpuscles,  but  only  liquids  and 
minute  particles.  These  latter  pass  from  here  into  Schlemm's  canal, 
which  is  a  venous  circular  sinus.  Through  the  latter,  therefore,  and  the 
ciliary  veins  that  anastomose  with  it,  by  far  the  greatest  part  of  the 
lymph  leaves  the  eye. 

Since  the  ligamentum  pectinatum  is  the  main  channel  of  outflow 
for  the  eye  fluids,  very  serious  troubles  are  produced  by  its  occlusion. 
The  fluid  is  retained  in  the  eye,  and  increase  of  tension  develops  which 
leads  to  blindness.  Injury  to  the  filter  of  the  ligamentum  pectinatum 
may  occur  in  general  through  the  following  different  processes:  (1) 
occlusion  of  the  minute  openings  by  corpuscular  elements  which  stick 
fast  in  them  or  by  clots;  (2)  transformation  of  the  delicate  network  into 
a  tough  and  impermeable  tissue  by  the  remains  of  embryonic  tissue  or 
by  inflammation;  and  finally  (3)  as  a  gross  process,  the  apposition  of 
tissue,  usually  the  iris,  which  is  applied  to  the  inner  surface  of  the  liga- 
mentum pectinatum  and  thus  cuts  it  off  from  the  cavity  of  the  anterior 
chamber  (see  §§84  and  86).  These  changes,  which  form  the  basis  of 
increase  of  tension  in  the  human  body,  can  also  in  part  be  produced 
experimentally,  and  thus  an  artificial  glaucoma  can  be  set  up. 

The  iris  must  be  considered  as  a  subsidiary  channel  of  outflow  from 
the  anterior  chamber.  The  injection  of  india  ink  in  a  state  of  minutest 
subdivision  into  the  anterior  chamber  shows  that  the  particles  of  ink 
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peneirai«  into  the  anterior  layers  of  the  iris,  where  they  are  theo  taken 
tip  by  the  blood-vessels  and  carried  off.  Penetration  into  the  iris  takes 
plioe  eliirfly  through  the  openings  on  its  anterior  surface,  namely,  the 
erjpt»,  through  which  the  tissue  of  the  iris  is  in  free  communication  with 
tbe  caxily  of  the  anterior  chamber.  Several  clinical  observations  are 
explained  by  this  fact.  When,  for  example»  after  an  iridectomy  the 
Aateriur  chamber  is  filled  with  blood,  this  usually  disappears  rapidly 
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FiCI.  L — LrHFIt   PaMAOU   of  TIIK   EttR.      (ScHlUtATtC.) 

9^  ^hlmrm'i  «uiaL  c  Anterior  eiliary  vein»;  h,  hyalofd  «Minn I;  p,  pet\«f\mt\QVkliiX  ip«««»  «rhioh 
,  mimu«  cif  ih»  www  vorti«»?«;  ».  with  Temni**  »^pac«,  tyt:  «,  AUpriiviiiimMl  jfp«<^«;  i, 
«\  ^»i,  ei»iitituiiili«iii   lif  TetKiti'«  Cftp»u]«>   upon   Xhv  li*tidoii»  uf  ihv  octiliir  triUiüolet 


Pf  ever  it  hes  upon  the  iris,  which  in  fact  takes  up  the  blood,  while  it 
fty*  for  a  lonjt  time  upon  the  capsule  of  the  lens  in  the  area  occupied 
by  the  pupil  and  the  coloboma. 

The   posierioT   lymph   passages   are:    (I)  The  perichorioidal  space 
Kig,  l|  p)t  i.e*,  the   space   between  the   chorioid   and  sclera   in  which 
ihc  lax  lame! he  of  the  lamina  suprachorioidea.     This  space  is  con- 
tinued outward  aloni^  the  vessels  that  pass  through  the  sclera,  especially 
Jong  the  venip  vorticosae,  and  thus  communicates  with   (2)  Tenon's 
(0,  which  lies  between  the  sclera  and  Tenon's  capsule.     From 
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this  the  lymph  reaches  the  spaces  which  run  along  the  optic  nerve, 
namely,  (3)  the  supravaginal  space  on  the  outer  side  of  the  dural  sheath 
(s),-and  (4)  the  intervaginal  space  (i)  between  the  sheaths  of  the  optic 
nerve.  Besides  these  there  is  assumed  to  be  still  another  lymph  passage 
in  the  posterior  portion  of  the  eye,  corresponding  to  the  canalis  hya- 
loideus  or  central  canal  of  the  vitreous  (Ä).  Here  in  the  embryo  runs 
the  hyaloid  artery;  but  whether  this  canal  is  also  present  in  the  vitreous 
of  the  fully  developed  eye  is  still  a  matter  of  dispute.  Pathological 
processes,  however,  argue  the  existence  of  such  a  lymph  passage  which 
runs  in  the  vitreous  straight  back  to  the  head  of  the  optic  nerve,  for  even 
in  slight  inflammations  of  the  anterior  portion  of  the  eye  the  papilla  of 
the  optic  nerve  is  found  to  be  implicated,  even  when  the  posterior  portion 
of  the  eye  otherwise  is  still  normal,  so  that  we  must  assume  that  irritant 
substances  from  the  focus  of  inflammation  can  get  to  the  optic  nerve 
first  by  a  direct  channel  through  the  vitreous. 

In  any  case,  the  posterior  lymph  passages  carry  only  a  very  small 
fraction  of  the  lymph  out  of  the  eye.  Whether  there  are  diseases  which 
are  referable  to  interference  with  this  discharge  of  lymph  posteriorly 
is  uncertain. 

VL     Intra-Ocular  Pressure. 

The  intra-ocular  pressure  is  intimately  connected  with  the  lymph  cir- 
culation. This  pressure  is  practically  the  same  in  the  three  cavities  of 
the  eye,  namely,  the  anterior  and  posterior  chambers  and  the  vitreous. 
No  differences  in  pressure  worth  mentioning  can  exist  between  the 
anterior  and  posterior  chambers,  since  they  would  be  at  once  equalized 
by  way  of  the  pupil.  Again,  any  great  differences  in  pressure  between 
the  cavity  of  the  two  chambers  and  the  vitreous  are  impossible,  even 
though  a  diaphragm — the  lens  and  the  zonula — is  interposed  between 
the  two,  for  this  diaphragm  can  be  displaced  forward  or  backward  too 
easily  for  such  differences  to  occur,  and,  moreover,  it  is  not  perfectly 
impermeable  to  liquid.  Considerable  differences  of  pressure  between 
the  separate  cavities  of  the  eye  can  occur  only  under  pathological  con- 
ditions. For  example,  it  may  occur  in  the  region  of  the  anterior  and 
posterior  chambers  in  seclusion  of  the  pupil,  when  the  pressure  in  the 
posterior  chamber  rises  high  above  that  in  the  anterior.  Quite  consid- 
erable difference  in  pressure  between  the  cavity  of  the  two  chambers 
and  the  vitreous  may  occur  when  the  diaphragm  that  separates  the  two 
is  rendered  unyielding  and  impermeable  by  cyclitic  membranes. 

So  far  as  normal  conditions  are  concerned,  we  may  for  the  purpose 
of  simplifying  the  study  of  the  conditions  of  pressure  leave  the  lens  out 
of  consideration,  and  think  of  the  eyeball  as  a  capsule  which  comprises 
a  single  cavity  filled  with  fluid.  The  fluid  contained  in  the  capsule 
exerts  upon  the  inner  surface  of  the  latter  a  pressure  which,  in  accordance 
with  the  laws  of  hydrostatics,  is  transmitted  with  the  same  intensity  in 
every  direction,  and  hence  presses  with  the  same  weight  upon  every  unit 
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surface  of  the  wall  A  square  raiUimetre  of  the  posterior  surface  of 
bo  cornea  hag,  therofons  the  same  pressure  to  bear  as  a  square  miUi- 
detre  of  any  portion  of  the  sclera. 

The  intensity  of  the  intra-ocular  pressure  tiepends  upon  the  relation 
re**n  the  capacity  of  the  capsule  and  the  amount  of  its  contents.  If 
be  former  becomes  smaller^  or  the  latter  pxeater»  the  pressure  rises,  and 
ice  versa.  The  capacity  of  the  capsule  of  the  eye  is  dependent  on  the 
reu  and  shape  of  the  cornea  and  sclera  and  on  the  elasticity  of  these 
Dembranes,  Under  physiological  conditions,  it  undergoes  such  incon- 
iderahle  variations  that  the  latter  may  be  neglected  and  the  capacity 
PKarded  as  constant.  The  variations  in  intra-ocular  pressure  are  hence 
referable  to  changes  in  the  amount  of  matter  contained  in  the  eyeball, 
rhirh  may  l>e  increa^sed  or  diminished*  For  example,  the  pressure  at 
Dce  sinks  considerably  when  the  aqueous  has  been  discharged  by  pune- 
of  the  cornea. 

Those  portions  of  the  contents  of  the  eyeball   whose  amount  is 

padily  variable  are  the  aqueous,  the  vitreous,  and  most  of  all  the  blood 

hat  circulates  in  the  v€*ssels  of  the  inner  tunics  of  the  eye.     Every  in- 

pase  or  decrease  of  blood  pressure  in  these  vessels  must  result  in  a 

orresponding  change  in  the  ocular  tension.    It  may  be  stated  as  a  gen- 

fal  proposition  that  the  blood  pressure  in  the  vessels  of  the  interior  of 

hi'  eye  must  always  be  a  little  higher  than  the  intra-ocular  pressure, 

crause  otherwise  the  arterial  blood  could  not  flow  into  the  eye.    When 

be  Wood  pressure  ceases,  for  example,  at  death»  the  tension  of  the  eye 

jps  at  once.     Owing  to  the  small  size  of  the  vessels  of  the  eye,  the 

lUatory  variations  of  the  blood  pressure  are  so  inconsiderable  that  the 

Itions  of  the  intra-ocular  pressure  which  correspond  to  them  are 

ge  part  compensated  for  by  the  elasticity  of  the  fibrous  coats  of  the 

fte.     But  even  great  and  lasting  changes  in  the  blood  pressure  can 

feet  the  pressure  in  the  eye  for  a  moment  onh%  and  not  permanently, 

pause  of  the  self-regulating  actitJii  to  be  described  later. 

Under  physiological  conditions^  variations  in  pressure  can  also  be 

roiiueed  by  the  action  of  external  stress.     Every  pressure  exerted  upon 

he  eye  from  without  increases  the   intra-ocular  pressure  by  its  own 

aount.    If  with  the  finger  w^e  make  gradually  increasing  pressure  on  the 

^ebttll,  and  at  the  same  time  examine  the  eye  with  the  ophthalmoscope, 

«ee  the  retinal  arteries  become  empty  as  soon  as  the  pressure  has 

ached  a  certain  amount.     For,  ouing  to  the  external  stress,  the  intra^ 

cular  pressure  has  risen  till  it  has  become  higher  than  the  blood  pres- 

Bfe  in  the  central  artery  of  the  optic  nerve,  so  that  now  both  the  latter 

tid  it«  branches  are  compressed.     Under  normal  conditions  the  eye 

ten  undergoes  pressure  due  to  contraction  of  the  eye  muscles,  and 

dally  of  the  orbicularis  palpebrarum  when  the  lids  are  squeezed 

ber.     This,  we  may  say,  receives  ocular  demonstration  in  cases  in 

flieh  there  is  a  thin  place  in  the  coats  of  the  eye,  f€*r  example,  the  thin 

of  an  ulcer  or,  better  yet,  a  prolapse  of  the  iris.    Such  a  place,  like 
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a  Marey's  tambour,  indicates  by  its  protrusion  and  recession  the  varia- 
tions of  the  intra-ocular  pressure.  In  such  cases  we  can  see  very  clearly 
how  in  crying  or  coughing  (owing  to  increase  of  the  blood  pressure),  or 
how  when  the  lids  are  squeezed  together,  the  thin  spot  distends,  and 
under  certain  conditions  actually  ruptures.  The  more  prominent  the 
eyeball  is,  the  more  powerfully  can  the  jecti  muscles  and  especially  the 
orbicularis  press  on  it,  and  hence  cataract  operations,  for  example,  are 
particularly  dangerous  in  very  protruding  eyes,  because  in  them  vitreous 
can  be  expelled  from  the  wound  very  readily  by  pressure  on  the  part 
of  the  patient. 

.  Although  persistent  variations  of  the  blood  pressure  and  contrac- 
tions of  the  muscles  surrounding  the  eye  influence  the  ocular  pressure, 
the  latter,  nevertheless,  except  for  minimal  variations,  remains  constant. 
That  is,  a  process  of  self  regulation  of  the  pressure  occurs,  inasmuch  as 
the  outflow  of  fluid  through  the  lymph  passages  (excretion)  changes  with 
the  changing  pressure.  The  rapidity  of  filtration  of  the  aqueous  of  the 
eye  depends,  as  in  the  case  of  any  filter,  upon  the  difference  of  pressure 
on  the  two  sides  of  the  filter.  When,  therefore,  the  pressure  in  the 
interior  of  the  eye  rises,  more  aqueous  runs  out,  and  vice  versa.  More- 
over, the  ocular  pressure  is  also  regulated,  although,  to  be  sure,  more 
gradually,  by  the  fact  that  it  itself  affects  the  fulness  of  the  vessels  in 
the  interior  of  the  eye,  and  thus  indirectly  affects  secretion.  When  the 
ocular  pressure  rises,  less  blood  flows  into  the  interior  of  the  eye,  and 
because  the  vessels  are  less  full  the  discharge  of  fluid  into  the  interior  of 
the  eye  diminishes.  The  reverse  takes  place  when  there  is  diminution 
of  pressure.  Such  diminution  is  particularly  great  after  escape  of  the 
aqueous.  The  direct  consequence  of  this  is  a  marked  dilatation  of  the 
vessels  in  the  interior  of  the  eye,  because  the  blood  pressure  in  the  latter 
is  no  longer  supported  in  part  by  the  intra-ocular  pressure,  but  is  sup- 
ported simply  by  the  vessel  wall,  which  is  not  strong  enough  to  with- 
stand it,  and  hence  distends.  Owing  to  the  dilatation  of  the  vessels 
the  secretion  of  fluid  in  the  eye  increases  so  that  the  normal  pressure 
is  soon  restored.  This  self  regulation  of  the  ocular  pressure  explains 
why  an  eye  in  which  the  lens  is  absent  is  no  softer,  inasmuch  as  the 
absent  lens  is  replaced  by  aqueous,  and  why,  on  the  other  hand,  when 
the  volume  of  the  lens  increases  (Cataracta  intumescens),  no  increase 
of  pressure  occurs,  inasmuch  as  a  correspondingly  less  amount  of  aqueous 
is  present  in  the  eye. 

A  certain  regulating  influence  upon  the  ocular  pressure  belongs  also  to  the  nerves, 
the  trigeminus  and  the  sympathetic.  Irritation  of  these  nerves  increases  the  ocular 
pressure;  section  of  them  decreases  it.  Hence  extirpation  of  the  cervical  ganglion  of 
the  sympathetic  has  been  recommended  as  a  reme<ly  for  increase  of  tension,  but  has 
not  proved  efficacious,  IxKiause  the  diminution  in  tension  following  division  of  the  sym- 
pathetic is  but  transient.  Many  cases  of  sudden  diminution  in  tension  which  are  not 
otherwise  explainable  (for  example,  those  occurring  after  contusions,  erosions,  and  in- 
flammation of  the   cornea),  are  referable  to  the  influence  of  the  nerves. 

The  miotics,  as  is  well  known,  are  employed  in  order  to  diminish  the  tension  in 
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Jfe«.  while  »he  mydriaiics,  on  üw  oth<*r  hnn<l,  ctiii  set  up  a  plÄVicomalous 
on  in  eyes  predisposeti  to  plaiicüuia*  Bui  this  action  on  the  ocular  ten- 
lioQ  hdili  good  for  pailjological  eyes  only.  In  the  normal  eye,  \lw  effect  of  the  above» 
OMtitiooeii  n^ais  upctn  the  ocular  tension  t$  trt  »ny  cu^h?  very  i^light,  and  indeed  it  in 
OM  jr*C  artftUisbed  with  (»erfect  certainty  that  it  exists  at  all.  Cocaine  even  in  norinid 
Jpe»  omy  CüUae  aome  diminution  in  tension. 

The  intra-ocular  pressure  can  be  measured  directly  only  by  plunging 
\  fine  canula  into  the  interior  of  the  eye  and  putting  it  in  conimunieation 
Hth  tt  manometer.  It  ha^  been  found  in  this  way  that  in  a  healthy 
aan  eye  the  pressure  amounts  to  between  20  and  30  mm.  of  mercury; 
mltT  [mthologiral  conditions  it  may  rise  to  100  mm.  In  practice,  this 
Bet  hod  of  measurement  is  not  applicable,  since  it  is  associated  with 
jury  to  the  eye.  If  the  coats  of  the  eye  are  iminjured,  however,  we 
iQot  test  the  ocular  pressure»  but  only  the  t^mon  to  which  the  fibrous 
oat  of  the  eye  is  expOvsed  by  the  pressure  acting  upon  it.  We  test  this 
5D  by  palpating  the  eyeball  through  the  closed  eyelids  just  as  if  wp 
trying  to  examine  for  fluctuation.  The  tension  that  is  thus  appre- 
iated  is  not»  indeed,  identical  with  the  intra-ocular  pressure,  but  is  pro- 
ional  to  it,  and  may  hence  be  employed  as  an  expression  of  it.  In 
[>ing  we  must,  however»  take  into  consideration  the  fact  that  the 
rnsation  which  the  finger  appreciates  when  it  palpates  the  eyeball  is 
[>t  dependent  simply  on  the  tension  of  the  tunics  of  the  eye.  What  we 
ppreciate  is  the  depth  of  the  impression  which  the  finger  makes  on  the 
ireball  and  the  force  which  we  have  applied  in  making  it.  But  both 
pud  not  simply  on  the  tension  or  the  intra-ocular  pressure,  but  also 
on  the  elasticity  of  the  coats  of  the  eye,  and  their  flexibility  or  rigidity. 
ience  on  account  of  the  greater  rigidity  of  the  sclera,  the  eyes  of  old 
>ple  feel  harder  than  those  of  younger  persons,  even  w^hen  the  intra- 
cular  pressure  is  the  same. 

Furthermore,  individual  variations  occur  both  in  the  intra-ocular 
pitssBurt'  and  in  the  elasticity  of  the  coats  of  the  eye,  so  that  very  slight 
variations  from  the  usual  tension  cannot  be  denoted  as  surely  patho- 
gicftl,  except  w^hen  we  can  make  use  of  the  second,  normal  eye  of  the 
man  for  the  purpose  of  comparison.  Greater  alterations  in  tension, 
»wever,  make  themselves  evident  at  once.  It  has  been  agreed  to  denote 
normal  tension  by  the  expression  Tn  (T  =  tension  or  tonus).  Of 
bcreased  tension  (hypcrtony)  we  distinguish  three  degrees:  T-f  1,  T4-2, 
and  T43,  which  are  arbitrarily  selected,  and  indicate  approximately: 
ttaaon  noticeably  increased;  greatly  increased;  hard  as  stone.  Simi- 
we  employ  for  diminished  tension  (hypotony)  the  designations 
r-1.  T-2,  and  T-3. 

The  estimation  of  the  ten«ion  by  palpating  the  eye  re<^|uipes  much  practice,  and 
I  Iheti  vn  an  inexact  method.    It  does  not  Miffice  to  determine  in  a  poöitivo  way  very 
"'"^  '  iion«  from  the  noiirinl;  and  as  little  can  it  disclose  with  certainty  small  varia- 
sion  which  occur  in  the  course  of  ri  case  of  disease,  since  one  cannot  ^lesijBj- 
listt  in  i%ny  prE*ciAe  way  for  later  comparison  the  sensation  which  he  receiv*?«  in  mnking 
Heoee  it  is  advi$itble  to  uae  a  üfnameUr  and  {>articularly  that  of  SchiöU, 
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which  is  the  best  of  the  models  so  far  constructed.  Just  as  in  the  examination  with 
the  finger,  the  tonometer  determines  the  tension  by  the  fact  that  an  impression  is 
made  on  the  eyeball;  the  force  with  which  this  is  made  is  given  by  the  weight  used 
for  the  purpose;  and  the  depth  of  the  impression  which  is  pro- 
duced and  which  on  account  of  its  shallowness  is  better  charac- 
terized as  a  flattening,  is  measured.  The  collar  (Fig.  2,  6)  bears 
at  its  lower  end  a  concave  plate  (c)  which  is  fitted  to  the  curva- 
ture of  the  cornea,  and  which  as  the  patient  lies  upon  his  back  is 
placed  upon  the  cornea,  the  latter  being  previously  made  insen- 
sitive. (For  this  purpose  since  cocaine  diminishes  the  intra-ocular 
pressure  somewhat,  we  use  holocaine,  which  does  not  have  this 
effect.)  Through  the  collar  and  its  foot-plate,  which  has  a  hole 
bored  through  its  middle,  passes  the  rod  (a)  which  glides  to  and 
fro  in  them  without  friction.  At  its  upper  end  the  rod  is  loaded 
with  a  small  weight  (d),  of  which  there  are  three  different 
varieti^.  When  the  instrument  is  placed  perpendicularly  upon 
the  cornea  the  rod,  owing  to  its  weight,  drops  down  upon  the 
center  of  the  cornea.  If  the  rod  cannot  flatten  the  cornea  its 
lower  end  is  arrested  at  the  level  of  the  foot-plate,  and  a  pointer 
which  is  connected  with  the  upper  end  of  the  rod  fails  to  show  any  vibration.  The 
less  tense  the  eye  is,  the  more  reEtdily  can  the  rod  flatten  the  cornea  and  drops  corre- 
spondingly far  out  of  the  collar,  as  is  shown  by  the  pointer. 


Fig.  2. 
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in  the  special  part  of  the  work  the  diseases  of  the  eye  will 
according  to  their  site  and  the  anatomical  changes  that 
ibey  set  up,  here,  in  their  general  consideration,  the  etiology  will  be 
taken  ms  a  starting  point.  The  injurious  inHuences  which  lead  to  morbid 
eh&nfir^9  are  in  a  very  general  way  either  physical,  mechanical,  chemical^ 
!>:  tic.    Their  effects,  to  be  sure,  cannot  by  any  means  be  sharply 

cL:.. ..  .,L:üted  in  any  indi%^idual  case,  and  in  most  cases  several  of  these 
injurious  influences  act  in  combination.    Finally,  as  additional  causes 
*  ^*ase  should  be  considered  degenerative  processes  and  a  congenital 
I  constitution,  both  of  which  conditions  in  the  last  analysis  are 

I     ncierable  to  the  injurious  influences  first  mentiont^d  without  its  being 
I     precisely  known  in  what  way  these  latter  act. 


L     Physical  Sources  of  Injury. 
(Heat,  Light.  Electricity.) 


The  spectrum  of  any  source  of  light  along  with  the  visible  rays 
contains  also  those  which  are  invisil>le.  Adjoining  the  red  end  of  the  i 
fpectrum  with  its  long  wave-lengths  are  rays  of  still  greater  wave-length, 
the  ultra-red  or  heat  rays.  Beyond  the  violet  end  with  its  short  waves 
lie  the  ultra-violet  rays  of  still  shorter  wave-length,  which  are  chemically 
ive.  But  visible  waves  of  the  spectrum  also  have  both  a  tiiermic  and 
nhemical  action.  When,  therefore,  irritation  or  inflammation  of  :i 
tissue  develops  as  a  result  of  intense  radiant  energy,  the  injurious  effect 
miy  depend  either  on  the  action  of  light,  in  the  narrower  sense  of  the 
wurd,  or  on  a  thermic  or  a  chemical  action^  or  on  all  three  together, 
can  be  determined  in  many  cases  by  experiment»  by  passing  light 
Ugh  special  filters  which  transmit  only  one  variety  of  rays.  Heat 
do,  but  the  luminous  or  ultra-violet  rays  do  not  pass  without  hin- 
^mnce  through  a  blackened  plate  of  rock  salt.  On  the  other  hand,  heat 
ji)*s  are  absorbed  by  water,  especially  by  a  solution  of  alum,  and  hence 
not  transmitted.  The  ultra-violet  rays  pass  through  rock  crystal, 
STP  kept  back  even  by  ordinary  glass  and  to  a  still  greater  degrt»e  by 
laüts  that  is  colored  red  or  yellow,  and  also  l\v  fluorescent  substances 
;.,  a  solution  of  quinine)  and  by  certain  hydrocarbons.  Thus  wm:*  are 
!e  to  study  independently  of  each  other  the  action  of  rays  of  long 
id  short  wave-lengths  upon  the  skin  or  on  the  eye. 
The  injurious  effect  of  great  heat  in  causing  burns  hjis  always  bem 
urn*  To  higher  degrees  of  radiant  heat  are  exposed  particularly 
who  work  by  a  fire,  for  example,  workmen  at  steel  forges.     Thi^ 
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skin  protects  itself  against  radiant  heat  by  abundant  sweating.  The 
evaporation  associated  with  this  withdraws  heat  from  the  skin,  and  the 
same  is  true  of  the  constantly  moist  surface  of  the  eyeball,  so  that  an 
injury  of  the  superficial  portions  of  the  eye  does  not  occur.  How  is  it 
with  the  deeper  -parts?  Through  the  refractive  media  of  the  eye  the 
heat  rays  are  refracted  just  like  light  rays,  and  are  united  into  a  focus 

(situated  on  the  retina,  and  they  may  develop  there  a  considerable  heat 
effect,  just  as  we  can  by  means  of  a  strong  lens  set  fire  to  a  match  held 
at  its  focus.    But,  to  oppose  this,  is  the  fact  that  the  media  of  the  eye 
which  contain  such  a  large  amount  of  water  absorb  the  heat  rays  to  such 
an  extent  that  they  scarcely  reach  the  retina  at  all.    The  only  injury  to 
the  eye  which  can  with  probability  be  referred  to  radiant  heat  is  the  form 
Ipf  cataract  which  glass-blowers  acquire,  and  which,  in  fact,  they  get 
Ifirst  on  the  left  side,  because  they  commonly  turn  this  toward  the  liquid 
^lass  that  is  radiating  heat. 

The  visible  rays,  when  they  act  too  strongly,  cause  mainly  a  trouble- 
some sensation  of  dazzling  which  produces  blepharospasm  and  when 
it  is  of  high  degree  is  associated  with  actual  pain  in  the  eye.  This  pain 
due  to  dazzling  cannot  emanate  from  the  retina,  because  the  latter  has 
no  sensory  nerves.  These  are  present  only  in  the  anterior  portions  of  the 
middle  coat  of  the  eye,  i.e.,  in  the  ciliary  body  and  the  iris,  which  are 
both  rich  in  such  nerves.  The  ciliary  body  itself  is  not  impinged  upon 
by  the  light  nor  does  it  undergo  change  of  any  sort  when  light  acts  upon 
it,  and  hence  it  is  not  in  question.  The  iris,  on  the  other  hand,  con- 
tracts very  energetically  whenever  the  light  acts  strongly,  so  that  the 
pain  due  to  dazzling,  like  the  pain  that  follows  the  instillation  of  eserine, 
is  accounted  for  by  the  traction  upon  the  nerves  of  the  iris. 

Differing  from  the  pain  of  dazzling,  is  dazzling  itself,  which  is  appre- 
ciated as  a  disturbance  of  sight. 

It  occurs  when  cither  too  great  an  absolute  amount  of  light  or  too^^aiuch  diffuse 
light  gets  into  the  eye.    Of  the  latter  case  we  shall  speak  when  considermg  opacities  of 
the  cornea  (§  45).    When  a  quantity  of  light  which  is  absolutely  tob  great  Jafls  upon  the 
eye,  the  portions  of  the  retina  which  are  impinged  upon  by  the  intense  light  become 
temporarily  undersensitive,   owing  to  the  great  consumption*of  visual  substances. 
Everybody  knows  the  troublesome  after  images  which  one  gets^  readily  in  looking  at 
a  sunset,  and  which  cause  disturbance  in  vision  for  some  time.  ^  From  prolonged  look- 
ing at  the  sun,  or  other  powerful  sources  of  light  (for  exampfe,  electric  light),  a  peHj^ 
I  manciit  disturbance  of  sight  may  result,  there  remaining  for  all  time,  at  a  point  corre- 
♦  sponding  to  the  spot  where  the  image  of  the  sun  was  cast  upon  the  retina  (that  is,  as 
ja  rule,  at  the  macula  lutea),  an  area  of  indistinct  vision,  i.e.,  a  central  scotoma,  so  that 
Irniiuite  vision,  such  for  example  as  is  required  in  reading,  is  permanently  impaired. 
In  serious  ca-ses  of  this  kind,  moreover,  we  find  with  the  ophthalmoscope  pigment 
changes  in  the  region  of  the  macula  lutea,  proving  that  actual  pathological  alterations 
lof  tissue  were  set  up.    After  every  eclipse  of  the  sun,  numerous  cases  of  this  sort  are 
jobserved  among  f)erson8  who  watched  the  eclipse  with  glasses  which  were  not  sufficiently 
Ismoked.   Since  the  refractive  media  of  the  eye  unite  the  sun's  rays  upon  the  retina  to 
form  an  image  of  the  sun  (just  as  a  glass  lens  does  at  its  focus),  it  was  formerly  supposed 
that  the  retina  was,  so  to  speak,  burned  at  the  point  at  which  the  image  of  the  sun 
was  formed.    But,  we  have  learned  aboVe,  the  heat  rays,  on  account  of  their  absorption 
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tluc  WBten*  metlia,  prjictically  never  reach  the  retina.    Even  for  the  ultra-violet  raya 

fact  holds  gooil,  that  they  are  kept  buck  m  pfcxj+l  part  by  the  TTieclia  of  the  eye,  &o 

I  Uie  iQ]ur\^  to  the  retina  iiiuat.  thon^fore.  \xi  attributmi  to  the  visible  ray«  cif  the 

|um.    Since  under  noniial  conditions  these  rays  excite  niovenienl  of  flie  felTnal 

3Ui«J  the  wtinal  pigment,  it  can  bu  understood  how  an  increase  of  thiü  procesä 

|iovr  a  certain  point  may  lead  to  pathological  cliatij^eH, 

Another  consequence  of  dasszlin^  h  erifÜirop,sia  (red  vision,  from  ipi^pdi;  red)» 

ihen  ait«>r  beiug  exp<:»«e<J  to  a  strong  light  for  quite  a  lon^  time  we  go  into  a  poorly- 

iiit^i  rooni,  we  at  once  see  the  dark  »urfäces  appear  greeUt  the  bright  surface«  (for 

stance  a  window  in  rhe  room),  vividly  purple^  ns  K  there  were  a  fire  outside.    Usually 

^ ph<!*n<)tuenon  last*  only  a  few  minute*,  but  in  patients  who  haie  h>een  operated  on 

"^  lumct  it  may  happen  that  the  erylhropsia  extendis  over  the  whole  day,  or  returns 

I  foUowiuj^  day  in  the  morning  or  evening,  so  that  the  patients  become  very  much 

Under  ordinary  conditions  this  phenomenon  in  observer  I  only  in  persons 

Iticbtly  pigmentcfl  and  very  sensitive  eyes,  and  in  them  only  to  a  ver\  slight  de- 

It  occurs  more  frecjucntly  when  people  are  exjiOHed  to  prolonged  dazzling  from 

Uf«>n  which  the  sun  is  shining,  and  if  under  lhe»e  conditions  the  pupil  is  artifically 

1,  cr>thropsia  can  be  pn:»diiced  in  anylnxly.     But  it  is  found  moKt  fre<(uently  in 

1  in  whom  the  pupil  ha.s  lK?en  enlarged  by  an  ojieration  (iridectomy)  and  particu- 

Irly  no*  if  at  the  same  time  the  lens  htu>  l>pen  remov<^I,  i.e.,  in  f>ersona  who  have  Ijeen 

led  on  for  cataract.     It  was  through  the  laHer,  indi:K?d,  that  we  first  learne<l  to 

[Mte  erj'tliropsia.     When  those  who  have  l>een  operated  on  for  cataract  lay  a^ide 

rcUrk  ^classes  «ome  time  after  the  operation  and  are  then,  for  the  first  time,  expi>Red 

tostmng  flunlight,  they  are  frequently  alarme<l  liy  the  re<l  vision,     Erythropsia  can  be 

tK  Up  br  the  visible  rays  alone,  but  a  simultatiiMLMis  action  of  the  ultra-violet  mys  is 

very  probable,  since  the  dazzling  pro<JtJced  liy  light  reflecteil  from  snow,  which  bght  is 

srrr  rich  in  such  rays,  is  particularly  apt  to  pnxhice  this  symptom.    To  the  same  effect 

i»  Üic  cirrnm^at-ance  tliat  aphakic  eyes  are  afTected,  since  in  these,  as  will  1m?  shown  later, 

tütm-violet  rayg  reach  the  retina  in  greater  amount  than  they  do  in  other  eye«, 

^H  The  ultra-nolet  rays  in  sunlight  are  to  a  considerable  extent  absorbed 
^B}'  the  atmosphere.  Hence  we  find  them  in  sunlight  in  greater  amount 
^■be  higher  we  are  above  the  sea.  The  richness  in  ultra-violet  rays  of 
^Htrtificial  sources  of  light  varies.  Poorest  in  this  regard  are  the  earulle 
^Kntl  the  oil  lamp,  then  follow  in  order  the  different  kinds  of  Wolsbach 
^Hightr  acetylene  gas,  the  electric  incandescent  lights  (the  more  so  the 
^■lllcirc  modern  they  are,  i,e.,  the  more  light  efficiency  they  have  with  the 
Baroe  strength  of  current),  the  arc  lights,  and  lastly,  the  mercury-vapor 
lamp.  The  ultra-violet  rays,  if  they  enter  the  eye,  are  in  large  part 
absorbed  by  the  refractive  media  of  the  latter.  The  lens^  indeed,  not 
ly  absorbs  a  portion  of  the  rays,  but  also  transforms  another  portion 
to  rays  of  greater  wave-length — visible  rays^so  that  the  lens  itself 
;iit5  a  grayisli-green  light  (fluorescence  of  the  lens).  Hence,  aphakic 
es  receive  more  ultra-violet  rays  upon  the  retina  than  do  those  which 
ntaiQ  a  lens;  consequently  they  see  the  spectrum  j>rolonged  at  its 
iolet  end,  and  they  are  easily  affected  wnth  erythropsia.  Since  the  lens 
bs  or  transforms  so  much  ultra-violet  lights  it  would  be  quite  con- 
]e  that  it  should  be  injured  by  rays  of  this  sort,  and  Hess  has 
ally  been  able  to  produce  slight  iipacities  of  the  lens  by  great  and 
;-continued  exposure  of  the  e^'e  to  the  rays  of  ultra-violet  light.  But 
thing  like  this  seem»  to  occur  in  the  human  eye  which  is  never  exposed 
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to  ultra-violet  light  to  such  an  intense  degree.  As  little  foundation  has 
the  view  held  by  some  that  the  ordinary  senile  cataract  is  caused  by  the 
light  rays  which  pass  through  the  lens  during  the  course  of  a  long  life. 
It  is  true  of  the  retina,  as  of  the  lens,  that  it  can  be  injured  experiment- 
ally by  ultra-violet  light.  But  in  man  this  occurs  only  under  unusual 
circimistances  and,  even  then,  only  in  a  transient  way. 

The  case  is  otherwise  with  the  action  of  ultra-violet  light  upon  the 
exterior  parts,  the  skin  of  the  lids  and  the  conjunctiva.  It  has  been 
proved  by  experiment  (Widmark)  that  what  has  been  so  long  known  as 
sunburn,  i.e.,  the  erythema  of  the  skin  which  one  gets  from  the  prolonged 
action  of  the  sunlight,  is  produced  not  by  the  heat  rays  nor  the  visible 
rays,  but  by  the  ultra-violet  rays.  In  travelling  over  the  glaciers  one  is 
especially  apt  to  get  sunburn  (called  glacier-burn)  because,  at  great 
elevations  above  the  sea,  the  sunlight  is  richer  in  ultra-violet  rays,  and 
this,  moreover,  is  particularly  the  case  with  light  that  is  reflected  from 
the  snow.  When  glacier-burn  affects  the  eyes  it  is  called  snow  blindness, 
because  those  who  are  affected  by  it  are  scarcely  able  to  open  their 
swollen  and  inflamed  eyes.  The  same  symptoms  may  be  excited  by  in- 
tense electric  light  (in  working  with  the  flaming  arc  light,  or  with  the  arc 
produced  by  short  circuit,  etc.),  when  it  bears  the  name  of  ophthalmm 
electrica.  Snow  blindness  and  electric  ophthalmia  have  this  feature  in 
common  that  the  patient  feels  nothing  at  first,  and  the  inflammatory 
symptoms  begin  only  after  a  latent  period  of  from  half  a  day  to  a  day. 
These  symptoms  consist  of  swelling  and  redness  of  the  lids  and  of  the 
conjunctiva,  and  sometimes  also  of  erosions  of  the  cornea  and  con- 
traction of  the  pupil,  caused  by  the  irritation.  Dangerous  as  the  con- 
dition may  appear  to  the  laity,  on  account  of  the  violent  pain  and  the 
photophobia,  it  nevertheless  passes  off  in  a  few  days.  Cold  compresses, 
and  the  instillation  of  a  weak  solution  of  cocaine,  to  relieve  the  pain, 
suflSce  for  its  treatment. 

Such  violent  inflammations  apart,  the  ultra-violet  rays  when  they 
act  less  strongly  seem  also  able  to  produce  slighter  changes  of  a  chronic 
nature.  Many  persons  who  previously  could  work  well  by  artificial 
light  get  into  trouble  after  the  introduction  of  the  electric  light,  especi- 
ally one  rich  in  ultra-violet  rays.  They  have  a  sensation  of  heat  and 
burning  in  the  eyes,  and  the  edges  of  the  lids  and  the  conjunctiva  are 
found  to  be  hypersemic.  Some  have  thought  that  spring  catarrh,  a 
chronic  inflammation  of  the  conjunctiva,  is  attributable  to  the  ultra- 
violet rays  of  sunlight,  but  weighty  objections  argue  against  such  an 
assumption. 

The  injurious  action  of  light  is  obviated  by  protective  glasses.  For 
the  visible  rays  we  use  protective  glasses  of  a  neutral  gray  color.  These 
are  indicated  for  healthy  eyes  when  an  excess  of  light  has  to  be  kept  out 
(in  travelling  over  snow,  in  the  tropics,  and  in  certain  industrial  pur- 
suits). They  are  indicated  for  diseased  eyes,  to  protect  them  against 
even  ordinary  daylight,  when  either  there  is  great  sensitiveness  to  light 
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>hotophol>in)  or  disease*  of  the  retina  or  uvea.     Since  the  organs  are 
imulat^ii  by  light  to  the  Performance  of  their  function,  the  shutting 
but  oi  lijiht  is  thr  first  contiitiun  for  putting  theni  in  a  state  of  rest. 

Since  all  kinds  <)f  glass  keeps  out  much  of  the  ultra-violet  light  the 

Im&ry  smoked  glasses  give  in  most  cases  a  sufficient  protection  against 

be  ultra-violet  rays.     Hence  such  glasses  are  always  indicated  when 

itb   much  ultra-violet  light  very  dazzling  visible  rays  are  present  (in 

iling  from  snow,  in  work  with  the  arc  light,  etc).     U  we  have  to  do 

ith  a  liglit  that  is  less  intense,  these  glasses  by  cutting  off  the  visilile 

ly»  impair  the  vision  of  minute  objects.     For  such  cases  it  is  tlesirable 

have  »  gla^s  which  keeps  out  the  visible  rays  either  little  or  not  at  alb 

It  keeps  out  the  ultra-violet  rays  as  completely  as  possil>!e.     G hisses 

iving  this  property  are  those  which  with  a  yellow  or  red  color  have 

a  certain  chemical  composition.     Fieuzal  devised  the  first  glasses  of 

bis  sort.     Better  still  is  the  euphos  glass  recommended  by  Schanz  and 

^to<!khau8en,  which  is  not  too  deep  a  yellow.     Such  glasses  are  to  be 

»inphivi'd  when  it  is  only  a  question  of  keeping  out  the  ultra-violet  rays. 

^ujlis  for  the  electric  light  are  also  manufactured  of  such  glass. 

Of  the  Rofitgen  and  radium  rays  when  there  has  been  too  prolonged 
tion,  there  has  been  observed,  not  only  in  experiments  upon  animals 
It  also  upon  man,  injury  to  the  eye,  namely^  inflammalion  of  the 
rior  jiarts  and  degeneration  of  the  retina.  The  latent  period  in  these 
i«  much  longer  than  it  is  in  tlie  case  of  the  action  of  the  rays  we 
ive  just  been  considering,  being  from  one  to  three  weeks.  In  the  thera- 
tuiic  Application  of  these  rays  to  the  adnexa  of  the  eye,  the  eye  itself 
bouid  be  protected  by  a  shield  of  lead* 

Lighining  when  it  strikes  the  eye  produces  in  it  ex;temal  injunes,  chiefly  burns 
bfl  tho  inflatiiniAtJon»  that  result  from  theiu.  Aforeover,  in  thp  interior  of  the  fye  there 
ly  tKTur  npariries  of  fhe  lens  and  utrtifihy  of  the  optic  nerve,  hut  thf^e  eomlitions 
E>nly  do  not  ^w>eotIU'  mimifest,  until  »oine  time  after  tho  iit'eident.  They  are  pro- 
;  not  like  fhe  cxienial  injuries  by  the  action  of  heat,  but  by  the  power  pofi»esseti 
»ekx'tric  dischurife  to  kill  livinjBf  cells  even  without  the  development  of  hetiL  Hess 
»vcti  this  for  the»  lens,  showin|C  that  liy  electric  Hhoeks  the  epithehum  of  the  lens 
tiade  to  die,  the  result  \muft  a  clouding  of  the  lens.  The  same  consequences 
f  &  stroke  of  lightning:  are  al^^o  observed  after  strong  electric  «hocks. 

IL     Mechaxical  Injuries, 

Mechanical  injuries  of  acute  onset  are  wounds;  those  that  act  slowly 
presvsure,  traction,  etc.  Into  this  matter  we  \vill  not  enter  here,  but 
nly  into  one  property  of  the  eye,  which  belonis^s  to  it  alone  among  all 
be*  organs  of  our  body,  anrj  which  h^ads  to  the  most  serious  mechanical 
Bsturbances.  The  eye,  in  fact,  is  in  large  part  a  hollow  structure  fifled 
ith  liquid  which  has  no  free  communication  externally,  as  the  outflow 
liquides  takes  place  simply  by  filtration.  The  slight  resilience  of  the 
nvchipes  of  the  eye  affords  a  close  comparison  with  the  capsule  of  the 
kulb  Increase  of  tension,  due  to  a  disproportion  between  capacity  and 
(»ntantiit  is  a  frequent  occurrence  both  in  the  capsule  of  the  eyeball  and 
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in  that  of  the  skull,  and  the  consequences  are  analogous  in  both.  When 
in  youth  the  capsule  is  still  capable  of  expansion,  it  gives  way  and 
enlarges  (the  eye  in  the  case  of  hydrophthalmus,  the  skull  in  the  case  of 
hydrocephalus),  so  that  the  contents  have  less  to  suffer  from  the  pressure. 
On  the  other  hand,  such  injury  from  pressure  is  the  more  marked  the  more 
rigid  the  capsule  has  become  with  advancing  age  (in  the  eye  by  greater 
rigidity. of  the  sclera,  in  the  skull  by  ossification  of  the  sutures).  Then 
as  a  result  of  the  pressure  the  delicate  nerve  elements  are  the  first  to 
suffer  (in  the  eye  the  optic  nerve  in  the  case  of  glaucoma;  in  the  skull, 
the  brain  in  the  case  of  intracranial  increase  of  pressure). 

The  lymph  of  the  brain  can  flow  off  not  only  to  the  spinal  cord  but 
also  forward  in  the  intervaginal  space  of  the  optic  nerve.  Owing  to  the 
fact  that  in  intracranial  increase  of  tension  lymph  accumulates  in  this 
space  under  high  pressure,  there  is  afforded  a  mechanical  source  of 
injury,  which  frequently  causes  the  blindness  occurring  in  diseases  of  the 
brain  (choked  disc). 

III.    Chemical  Sources  of  Injury. 

Chemical  injuries  are  by  far  the  most  frequent  cause  of  patho- 
logical processes.  The  vital  phenomena  going  on  in  cells  are  compli- 
cated chemical  processes  which  are  affected  by  every  alteration  in 
the  chemical  composition  of  the  liquid  surrounding  them.  In  a  more 
extended  sense  of  the  term,  parasitic  diseases  also  act  to  produce 
chemical  injury.  In  itself  the  bacterium  would  add  as  little  harm  to  the 
tissues  and  would  be  tolerated  with  the  same  absence  of  reaction  as  a 
granule  of  india  ink,  provided  that  like  the  latter  it  were  chemically 
indifferent.  But  by  the  production  of  toxic  substances  micro-organisms 
produce  an  injurious  effect  locally;  by  the  diffusion  of  these  substances 
they  act  on  the  neighboring  parts;  and  by  transmission  of  their  sub- 
stances through  the  lymph  and  blood-vessels  they  act  on  remote  organs. 
By  its  toxic  products  the  diphtheria  bacillus  sets  up  the  local  inflamma- 
tion in  the  throat,  and  by  the  toxins  that  pass  over  into  the  circulation 
it  causes  the  fever  and  the  paralysis.  Hence,  diseases  of  chemical  and 
parasitic  origin  cannot  be  sharply  differentiated,  and  it  is  only  from 
practical  considerations  that  we  will  here  regard  as  diseases  of  chemical 
origin  those  only  in  which  the  coincident  action  of  microbes  is,  according 
to  our  present  knowledge,  excluded. 

Chemically  active  substances  working  upon  the  surface  of  the  eye 
produce  in  it  corrosion  or  inflammation.  In  the  same  way,  chemically 
active  bodies  (for  example,  chips  of  metal  which  penetrate  into  the 
interior  of  the  eye)  commonly  produce  severe  inflammation.  Again, 
such  inflammation  is  sometimes  also  set  up  by  substances  which  in  other 
places  do  not  act  to  cause  chemical  irritation.  For  instance,  atropine 
dropped  into  the  conjunctival  sac  produces  in  some  persons  follicular 
catarrh  or  erythematous  swelling  of  the  lid.  We  must  then  suppose 
that  there  is  a  special  individual  susceptibility,  which,  in  fact,  makes 
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ptf  BCi  very  evident  in  other  parts  also  in  the  action  of  drugs  (an  example 
the  ilrug  exanthems).  This  individual  susceptibility  plays  a  partirn- 
rly  CTPat  part  in  the  case  of  or{?anic  poisons.  It  may  be  that  some 
have  in  the  fluids  of  their  body  substances  which  act  to  protect 
:^aiu^t  certain  organic  poisons  and  which  are  absent  in  other 
•ople.  A  good  example  of  this,  so  far  as  the  eye  is  concerned,  is  the 
DDJunctivitis  which  accompanies  hay  fever.  This  is  produced  by  the 
L»llen  granules  of  the  ijjamineie  which,  passing  through  the  air.  get 
ttpon  the  conjunctiva  and  the  nasal  mucous  membrane,  and  there  cause 
[iHtitnmation  by  means  of  an  organic  toxic  sul>stance  contained  in  them. 
The  proof  of  the  toxic  nature  of  this  inflammation  is  afforded  by  the  fact 
]jat  it  is  possible  to  prepare  an  antitoxin  against  it.  But  there  are  only 
ifew  p€x>ple  who  are  sul»jeet  to  hay  fever,  that  is,  w*ho  are  susceptible  to 
tie  ixirresponding  toxin,  and  whose  susceptibility  is  actually  increased 
H  result  of  having  one  attack  of  the  disease.  One  who  previously  free 
3ra  hay  fever  comes  into  a  region  where  it  is  frequent  and  acquires  it 
Ihcre,  in  the  following  years  gets  it  again  readily,  even  when  at  home. 
^«inversely,  against  other  organic  poisons  a  certain  immunity  develoj)» 
in  the  course  of  time.  This,  for  t^xample,  is  true  of  the  jequirity  bean, 
^ibe  infusion  of  which  when  placed  upon  the  conjunctiva  produces,  as  a 
Hult  of  the  abrin  contained  in  it,  a  violent  conjunctivitis»  which»  in 
^yonance  with  its^  toxic  origin,  does  not  set  in  until  after  a  certain 
r^riod  of  latency-  Not  only  can  we  prepare  an  antitoxin  comlmting  the 
tion  of  abrin  (Roemer)  but  after  a  jequirity  conjunctivitis  has  once 
cctirred  it  is  not  possible  to  produce  a  conjunctivitis  by  a  second  appli- 
ition  of  the  agent  except  after  a  ratlier  long  interval.  The  like  is  true 
dionin. 

A  combmetl  mechanical  and  chemicjil  net  ion  probalilv  lies  at  the  bottom  of  those 

I  in  which  conjunctivitis  is  set  up  Ijy  small  foreig:n  brxhcs  of  a  special  sort  (thp  hairs  of 

»cati^rpillar,  the  hairs  from  certain  species  of  primuhi,  the  (hist  from  hyacinth  bulbs). 

Jo  t>ther  ca^es,  the  chomical  noxa  do  not  make  their  attack  n|>on  the  surface,  but 

tblocKi,  from  which  they  are  thrown  out  into  the  tissues  that  In^come  afTectcil, 

ilte  that  arc  employed  in  skin  disease,  chrysart>l»in  autl  napbthaJin^  are  good 

of  this.     Chrysarobin  often  causes  conjunctivitis,  not  only  when  it  comes 

with  the  conjunctiva  locally  but  also  when,  starting^  from  remote  partes  of 

Jy,  it  undergoes  absorption.    Nnphthalin,  when  ingested  into  the  body,  cau^ips 

J  jind  opacity  of  the  lens. 

Chronic  inflammations  or  degeiiemtive  processcB  are  prnduc^il  by  chemieul  pciisons 

!  fre«jiieiitly  than  are  acute  inflammations  (so  in  the  case  of  alcohol,  tobacco  and  many 

r  px>i»onii). 

In  addition  to  the  poisons  that  arc  brought  into  it,  the  Ijody  is  also  harmed  by 
^  which  it  it«elf  f>rfMluces.  A  transition  form  Ik»! ween  the  introthiw^d  and  the  self- 
poison«  are  thosie  which  are  developed  in  the  thgestive  canal  by  abnormal 
of  decomfKJsition  from  nutrient  materials  which  have  l>een  intrmluceii  there 
ani]  are  not  in  thenwielves  toxic.  liy  iiome,  the  cause  of  many  diseases  has  been  re^rded 
1»  COQsbtlng  in  such  iniextinal  auto-iTümicaitons.  Hitherto,  however,  but  very  few 
bet«  have  been  surely  demonstrated,  and  intestinal  intoxication  is  much  too  often  forcetl 
toiii*n'v  a»  a  convenient  etioloj^yy  for  the  most  various  diseases.  Better  established  and 
known  is  the  ctiolojjic  pnrt  plityed  by  tbe  metaboHc  diseases  projjer,  hke  jsrout^ 
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diabetes,  etc.,  even  though  the  precise  way  in  which  the  general  disorder  of  metabolism 
causes  the  local  disease  (e.g.,  the  iritis  or  retinitis  in  the  case  of  the  eye)  is  still  obscure. 

Many  diseases  of  individual  organs  lead  to  diseases  of  the  eye, which  not  infrequently 
are  the  first  thing  that  directs  the  attention  of  the  physician  to  the  causal  affection. 
It  is  an  acquisition  of  most  recent  times  to  have  recognized  that  in  many  cases  these 
inter-relations  depend  upon  altered  chemical  action.  We  owe  this  knowledge  in  part 
to  the  discovery  of  the  function  of  the  glands  which  possess  an  interior  secretion;  diseases 
being  caused  both  by  the  increase  of  this  secretion  above  the  normal  and  by  its  cessa- 
tion. Again,  examination  with  sera  has  shown  how,  by  utilizing  the  roundabout  pas- 
sage through  another  animal,  we  can  study  the  interchange  of  action  in  the  oi^ns  of 
the  same  body.  In  this  way  it  has  been  demonstrated  that  diseased  oigans  can  deposit 
in  the  blood  the  products  of  their  metabolism  or  their  decomposition  which  cause, 
almost  like  a  regular  chemical  reaction,  definite  changes  in  other  organs  or  tissues. 
Here  is  still  a  ^^^de  field  for  investigation  lying  before  us.  Only  a  few  of  the  best  known 
facts  can  be  adduced  as  examples  here. 

Upon  hypersecretion  of  the  thyroid  gland  depends  Basedow's  disease,  which  in 
fact  produces  important  symptoms  in  the  eye.  Deficiency  of  secretion  of  the  thyroid 
gland  on  account  of  congenital  or  acquired  absence  of  the  latter  leads  to  niyxoedema. 
Cessation  of  functions  of  the  parathyroid  glands  is  the  cause  of  tetany,  among  the  con- 
sequences of  which  are  opacity  of  the  lens  (particularly  lamellar  cataract)  and  inflamma- 
tion of  the  optic  nerve.  Grave  disturbances  of  nutrition,  above  all  acromegaly,  are 
produced  by  degeneration  of  the  hypophysis,  in  which  case  the  eye  suffers,  although, 
to  be  sure,  indirectly,  owing  to  pressure  of  the  enlarged  gland  upon  the  optic  nerve. 

While  it  is  only  as  a  rare  occurrence  that  we  have  to  do  with  diseases  of  the  eye  that 
result  from  secretory  disturbances  in  the  glands  having  an  interior  secretion,  cases  are 
very  frequent  in  which  the  eye,  owing  to  chemical  influence,  is  implicated  in  disease 
of  other  organs.  The  most  frequent  case  of  this  sort  (equally  important  for  the  ophthal- 
mologist and  the  internist)  is  the  inflammation  of  the  retina  occurring  in  nephritis.  Up 
to  a  short  time  ago,  the  connection  between  the  two  has  been  sought  for  in  vascular 
changes  or  in  the  increase  of  blood  pressure,  conditions  which  both  usually  accompany 
chronic  nephritis;  or  it  has  been  supposed  to  consist  in  the  retention  in  the  body  of 
sodium  chloride,  due  to  its  insufficient  excretion  by  the  kidneys.  Although  these  factors 
cannot  perhaps  be  altogether  disregarded,  probably  the  main  injury  to  the  retina  is 
done  by  toxic  matter  which  is  formed  by  the  decomposition  of  kidney  substance  and 
which  possesses  a  particular  affinity  for  the  tissues  of  the  retina.  As  is  known,  we  can 
by  injecting  the  blood  of  an  animal  of  genus  A  into  an  animal  of  genus  B  obtain  in 
the  latter  a  serum  which,  if  injected  into  A,  dissolves  its  blood  corpuscles.  ("  We  ol>- 
tain  hsemolysin  for  A  by  immunizing  B  with  A's  blood.")  If,  now,  we  inject  into  B  a 
kidney  extract  obtained  from  A  (B  being  thus  immunized),  the  serum  of  B  if  injectctl 
into  A  causes  in  the  latter  not  only  nephritis,  but  also,  if  it  is  injected  into  the  carotid, 
retinitis  (Zur  Nedden).  The  nephrotoxin  formed  in  B  acts  chiefly  upon  the  kidneys  of 
A  because  in  the  animal  B,  which  has  l^een  rendered  immune  with  the  kidney  extract, 
there  are  formed  antitoxins  against  all  of  the  albuminous  substances  present  in  the 
kidney.  That  the  retina,  too,  is  diseased  is  due  to  the  fact  that  the  retina  has  one  or 
two  kinds  of  albumin,  which  it  possesses  in  common  with  the  kidneys,  and  which,  there- 
fore, are  attacked  by  the  nephrotoxin.  That  the  metabolic  products  of  the  normal 
kidney  do  not  injure  the  retina  of  the  same  animal,  presupposes  that  the  organs  of  one 
and  the  same  body  (or  of  another  individual  of  the  same  species)  are  immune  to  its 
own  metabolic  products.  (Unless  this  is  presupposed,  the  life  of  the  organism  would  be 
impossible.)  But  when  there  is  disease  of  an  organ  with  disintegration  of  tissue,  this 
immunity  may  not  suffice.  These  conclusions  still  move  very  much  in  the  region  of 
hypotheses,  but  in  any  case  the  experiments  which  form  their  basis  throw  a  new  light 
upon  the  inter-connection  of  the  organs  and  their  dependence  upon  one  another  through 
the  agency  of  chemical  processes. 

Diseases  of  the  eye  sometimes  develop  not  only  as  a  result  of  diseases  of  individual 
oi^ans,  but  also  in  consequence  of  physiological  processes  taking  place  in  them.    As  an 
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jkpio  rnuy  K*  a«Jdiicr<l  thr  inflammatjon  af  (he  optic  nerve,  which  somef  imei*  ncciire 
entii>sc  of  pregnnnry  or  lactation,  without  thore  Ixnn^  any  other  demonNtmble 
lÜBfou«*  of  the  t^KKiv.    It  i«  conjectured  that  in  this  ca^^e  aLnri  the  fatill  lies  with  the  action 
iin*»  which  either  ha\'e  been  fomieii  a.«  an  exceptional  thing  in  the  coutw  of  the 
^cal  proeemm  occurring  in  the  organw  concerned!,  or  toward  which  I  he  eye 
at  poeusesB  its  normal  ininiunity. 

IV.     Parasitic  Causes  of  Injury. 

Inflammation  of  the  eye   tJevelopg   most  frequently  as  a  result 
of  infections.     In  almost  every  person  with  a  hi^h  fever  we  find  the 
^conjunctiva  reddened  and  the  eye  ghied  up;  i.e>,  we  find  a  slight  con- 
junctivitis.   To  a  particularly  great  extent  is  this  the  case  in  measles. 
^Xtany  acute  infectious  diseases,  however,  entail  for  the  eye  consequences 
thiit  uri*  considerably  more  serious,  namely,  metastatic  inflammation  of 
^'the  uvea  and  retina  and  inflammation  of  the  optic  nerve.     The  chronic 
afectious  diseases  implicate  the  eye  oven  more  frequently  than  do  the 
lite*     It  is  well  known  what  a  prominent  part  as  regards  eye  diseases 
tails  t«  the  share  of  tuberculosis  (including  scrofula)  and  syphilis.   Some- 
(iinu*s  the  eye  complication  follows  tht^  primary  disease  after  a  number  of 
B^  as.  for  example,  in  the  case  of  the  optic-nerve  atrophy  in  tabes, 
^'hosi^  cause  (syphilis)   has  apparently  been  cured  long  before.     The 
participation  of  the  individual   organs  in  an   infectious  disease  takes 
in  two  ways — ^by  direct  invasion  of  the  organs  by  the  microbes, 
by  the  action  of  the  toxins  produced  by  the  disc*ase.    The  iritis  in 
be  early  stuge  of  syphilis  is  excited  by  the  settlement  of  spirochset^  in 
iihe  iris»  but  the  atrophy  of  the  optic  nerve  in  syphilitic  tabes  is  generally 
Jregarded  as  a  late  toxin  action  of  syphilis. 

The  micro-organisms  may  either  attack  the  eye  itself  primarily  or 

^Hmke  an  entry  at  some  other  portion  of  the  body,  and  the  eye  is  imph- 

rated  secondarily.     The  former  is  denoted  as  ectogenous,  the  latter  as 

[endogenous  infection.    In  both  eases  a  distinction  must  be  made,  as  has 

Ebeen  emphasized  more  at  length  above,  lietwecn   the  direct  action  of 

|ttticnKorganisms  in  situ  and  their  rt^mote  efTects.    In  the  direct  infections 

pf  the  eye  we  are  pretty  well  informed  regarding  these  relations,  because 

are  a  sufficient  number  of  dissections  at  hand.    In  ulcus  serpens, 

llor  example,  the  suppuration  in  the  cornea  is  excited  by  the  bacteria 

f which  are  there  present,  but  ttie  associateil  iritis  and  the  accumulation 

of  pus  in  the  anterior  chamber  are  produced  by  remote  action,  the  bac- 

,  t^rial  toxins,  which  are  diffused  through  the  cornea  into  the  anterior 

fhamber,  causing  the  iris  to  become  inflamed.    Much  less  known  are  the 

[relations  in  cases  of  the  second  kindt  in  whieh  the  eye  simply  participates 

liu  a  gc*neral  infection.     In  the  two  most  important  chronic  infectious 

|i]iseases.  tuberculosis  and  syphilis,  the  eye  is  very  frequently  affected, 

J  la  many  cases  of  this  sort  the  tubercle  bacilli  or  the  spirocha'tse  are 

found  in  the  tissues  of  the  eye,  Vmt  in  cases  still  more  numerous  their 

demonstration  is  not  as  yet  feasible,  and  it  will  be  the  task  of  some  future 

[time  to  make  the  matter  clear.    Until  then,  the  clinician  will  often  have 
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to  content  himself  simply  with  bringing  a  given  affection  of  the  eyes 
into  etiological  connection  with  a  general  infection. 

(a)  Ectogenous  infection.  The  exterior  portions  of  the  eye,  the 
margins  of  the  lids,  the  conjunctiva,  and  the  cornea,  can  be  attacked  by 
micro-organisms  directly,  and  these  may  either  get  a  foothold  upon  the 
intact  surface  or  may  require  a  lesion  of  the  epithelium  in  order  to  pene- 
trate into  the  tissues  and  injure  the  latter.  The  interior  of  the  eye  is  not 
accessible  to  ectogenous  infection  until  traumatism  or  ulcerative  per- 
foration enables  the  micro-organisms  to  enter. 

The  border  of  the  lids  presents  favorable  conditions  for  the  settlement 
of  microbes.  Between  the  cilia  there  collect  the  desquamated  epithe- 
lium and  also  the  secretion  of  the  Meibomian  glands,  both  of  which  in 
pathological  cases  form  scales  and  crusts,  and  as  an  additional  factor 
there  is  the  moistening  by  tears.  The  border  of  the  lid,  like  the  skin  in 
general,  quite  regularly  harbors  the  staphylococcus  albus  and  also  the 
xerosis  bacillus.  The  latter  is  a  bacillus  of  the  group  of  diphtheria  bacilli, 
and  can  be  distinguished  from  the  latter  with  certainty  only  by  animal 
experimentation,  which  shows  whether  the  injected  cultures  have  a 
pathological  action  or  not.  Both  the  staphylococcus  albus  and  the 
xerosis  bacillus  are  under  ordinary  circumstances  non-pathogenic  for  the 
eye.  In  the  case  of  inflammatory  disease,  such  as  blepharitis  ulcerosa 
and  acne  pustule  of  the  border  of  the  lid  (hordeolum)  the  staphylococcus 
aureus  is  also  present.  Moreover,  being  a  part  of  the  external  skin,  the 
border  of  the  lid  may  participate  in  all  diseases  of  the  skin  and  may  then 
harbor  the  morbific  germs  which  characterize  the  latter. 

The  conjunctiva  of  the  eyeball  and  the  cornea  form  a  moist  surface 
which  is  exposed  to  the  air  and  upon  which  the  particles  of  dust  and  the 
germs  which  are  conveyed  through  the  air  remain  and  adhere.  Hence 
the  conjunctival  sac  is  almost  never  free  from  germs  and,  indeed,  at  times 
the  most  varied  kinds  of  germs,  saprophytic  and  pathogenic,  occur  there. 
But  they  do  not  multiply  in  the  conjunctiva,  because  by  the  winking 
movement  of  the  lids  the  surface  of  the  eye  is  swept  at  regular  intervals, 
and  the  tears  together  with  the  germs  contained  in  them  are  carried  into 
the  nose.  This  can  be  shown  if  cultures  of  readily  demonstrable  non- 
pathogenic bacteria  (e.g.,  the  bacterium  prodigiosum)  are  placed  in  the 
conjunctival  sac.  Soon  these  can  be  demonstrated  in  greater  and  greater 
quantity  in  the  nasal  mucus  while  they  disappear  at  the  same  rate  from 
the  conjunctival  sac.  Furthermore,  the  constant  gradual  current  of 
tears  passing  down  through  the  lachry mo-nasal  duct  prevents  germs  from 
ascending  against  the  current  from  the  nose  into  the  conjunctival  sac. 
When,  owing  to  deficient  winking,  the  drainage  of  tears  is  arrested,  the 
amount  of  germs  contained  in  the  conjunctival  sac  at  once  increases. 
This  amount  is,  therefore,  greater  in  the  morning  than  in  the  evening, 
and  is  particularly  apt  to  be  increased  by  a  bandage  because  the  latter 
checks  the  movement  of  the  lids.  By  increasing  the  germs  prolonged 
bandaging  of  the  eye  suffices  of  itself  to  produce  a  catarrh  of  the  con- 
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inctiva.  We  see  this  often  in  the  clinic  when  after  a  cataract  operation 
other  eye»  which  has  not  been  (»perated  upon,  is  bandaged  for  one  or 
days,  whereupon  this  eye  often  shows  a  catarrh  of  tiic  conjunctiva 
irhich  was  not  prt^sent  before.  Hence,  many  operators  lieforc  every 
jor  eye  operation  apply  a  test  bandage  for  a  day  to  sec  whether  the  eye 
HU  rriurt  to  this  with  a  catarrhal  irritation. 

Besides  the  mechanical  part  which  the  tears  i)Iay  with  re|2;ard  t*>  the 
rt*eria,  a  l>aetericidal  action  has  also  been  attributed  to  them,  but  this 
present  at  all  is  extremely  slight. 

Although  the  most  various  kinds  of  germs  fall  froni  the  air  into  the 
Dnjuncttval  sac,  yet,   as  is  the   eese  on   the  border  of  the  lids,  the 
Ffv  fioge^nic  white  staphylococci  and  the  xerosis  bacilli  are  the  only 

Hind  as  regular  inhabitants  of  the  conjunctival  sac,  and  they 
ntually  occur  in  smaller  quantities  in  the  conjunctival  sac  just  lecause 
key  are  continually  removed  by  the  tears.  Of  pathogenic  bacteria  only 
be  pneumococcus  an<i  the  streptococcus  occur  with  any  degree  of 
Irequenry  on  the  conjunctiva  (in  at  most  5  per  cent  of  the  cases).  When, 
is  usually  the  case^  the  conjunctiva  is  not  affected  by  these  germs, 
bey  do  not  bs  a  rule  lead  to  infections  of  wounds  on  the  eyeball,  A 
ay  organism,  owing  to  its  normal  protective  forces  is,  in  fact,  a 
Bh  for  some  few  germs  even  if  they  are  pathogenic.  Hence,  even  in 
he  pre-aseptic  time  it  was  comparatively  seklom  that  one  had  to  cfim- 
of  infection  in  operations  on  the  eyeball.  If  such  an  infection  did 
in,  this  usually  took  place,  as  we  know  from  experiment,  not  from 
"the  germs  in  the  conjunctival  sac — it  l>eing  pre-8uppo}*ed  that  the  latter 
wfti*  normal — but  from  dirty  instruments. 

The  inflarti  mat  ions  of  (he  corrjunctiin  are  in  very  great  part  eausetl 

special  micro-organisms,  some  of  which  have  the  peculiarity  of  not 

cing  pathogenic  either  for  other  mucous  membranes  in  man  or  for 

aimals  at  all  (some  monkc^ys,  perhaps,  excepted)-     In  this  category 

Hong  the  onlinary  exciting  agents  of  acute  conjiHictival  catarrh,  namely, 

be  bacillus  of   Koch-Weeks  and  the  diplobacillus  of  Morax-Axenfeld. 

Hhers  are  dangerous  for  a  few  other  mucous  membranes  besides  the 

önjunctiva  and  mainly  for  the  mucous  membrane  of  the  uro-genital 

ract,  as  is  the  case  with  the  gonococcus  and  probably  also  the  still  not 

rrlainly  known  exciting  cause  of  trachoma.     In  contrast  with  these 

[moet  frequent  morbific  agents,  others  which  are  generally  pathogenic, 

Ske  the  pneumococci,  streptococci,  diphtheria  bacilli,  etc.,  take  a  sub- 

inate  place. 

Besides  ectogenous,  endogenous  infection  occurs  as  a  cause  (jf  eon- 

junctivitis  (the  conjunctivitis  of  measles  has  been  adduced  aljove  as  an 

aple  of  this,  and  another  example  is  the  metastatic  gonorrhoeal 

jiinctivitis),  but  these  cases  are  rare  in  comparison  with  those  of 

mous  infection. 

Without  tfiere  being  any  special  infection  from  without,  the  amount 
lOfgienns  contained  in  the  conjunctiva  is  greatly  increased  by  the  stag- 
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nation  of  tears,  which  accompanies  diseases  of  the  lachrymal  sac.  In 
the  healthy  lachrymal  sac,  inasmuch  as  the  tears  do  not  stay  in  it,  disease 
of  the  mucous  membrane  is  not  produced  by  the  germs  which  constantly 
arrive  with  the  tears  from  the  conjunctival  sac  into  the  lachrymal  sac.  In 
fact,  even  in  inflammations  of  the  conjunctiva,  the  lachrymal  sac  is 
usually  not  infected  by  the  germs  coming  from  the  conjunctiva.  This 
condition  changes  at  once  when,  owing  to  stenosis  of  the  lachrymo-nasai 
duct,  the  tears  stagnate  in  the  lachrymal  passages.  Then  the  germs 
multiply,  and  cause  a  catarrhal  disease  of  the  mucous  membrane  of  the 
lachrymal  tract  (dacryocystitis  chronica).  Then  in  the  contents  of  the 
lachrymal  sac  there  are  found  germs,  the  pneumococci  being  the  most 
numerous,  and  after  them  the  staphylococci  with  other  pyogenic  bac- 
teria. Owing  to  the  fact  that  the  tears  now  stagnate  in  the  conjunctival 
sac,  too,  the  latter  contains  the  same  bacterial  flora,  so  that  wounds 
accidentally  made  become  infected  readily  (ulcus  serpens)  and  so,  too, 
operations  on  the  eye  are  readily  followed  by  suppuration. 

The  comeay  being  a  tissue  placed  upon  the  surface  of  the  body,  is, 
just  like  the  conjunctiva,  more  in  danger  of  ectogenous  than  endogenous 
infection.  As  a  result  of  the  former,  there  develop  in  the  first  place  many 
of  the  corneal  ulcers  which  are  so  frequent.  With  regard  to  ectogenous 
infection  there  is  an  apparent  contrast  between  the  conjunctiva  and  the 
cornea,  in  that  the  bacteria  which  get  into  the  conjunctival  sac  are.  able 
to  infect  the  conjunctiva,  even  when  intact,  while  it  is  assumed  that  for 
the  cornea  a  defect  of  the  epithelium  is  necessary  for  infection  to  take 
place.  It  would  follow  from  this  that  the  epithelium  of  the  cornea  is 
more  resistant  to  germs  than  is  the  epithelium  of  the  conjunctiva.  But 
perhaps  the  difference  is  only  apparent.  For  while  in  the  conjunctival 
sac  the  germs  can  linger  for  a  time,  they  are  at  once  swept  by  the  lids 
oflF  the  smooth  surface  of  the  cornea,  and  it  is  only  when  depressions  are 
made  in  the  latter,  as  a  result  of  small  defects  in  the  surface,  that  the 
germs  can  remain  lying  in  these.  These  epithelial  defects  may  be  caused 
by  a  slight  traumatism.  The  cornea,  just  like  the  rest  of  the  surface  of 
the  body,  is  exposed  to  external  injuries,  but  it  has  a  most  delicate 
epitheHum,  which  is  quite  soft  and  besides  is  seated  on  the  smooth 
Bowman^s  membrane,  so  that  it  can  be  readily  stripped  off  en  masse. 
Epithelial  lesions  of  the  cornea,  therefore,  are  among  the  most  frequent 
of  occurrences.  The  body  that  causes  the  injury  may  itself  inoculate 
the  cornea  directly  with  bacteria,  as  is  probably  to  be  assumed  for  many 
cases  of  deep  or  actually  perforating  wounds  of  the  cornea,  to  which 
suppuration  of  the  edges  of  the  wound  succeeds.  In  mere  epithelial 
lesions,  a  simultaneous  inoculation  with  the  micro-organism  probably 
occurs  but  rarely  (e.g.,  in  the  infection  of  the  cornea  by  aspergillus 
fumigatus;  see  §  36).  Ordinarily  we  have  to  deal  with  a  secondary  inva- 
sion of  bacteria  into  the  small  wound,  for  we  find  the  infection  generally 
caused  by  bacteria  which  scarcely  ever  occur  on  the  foreign  bodies  that 
cause  the  injury,  but  occur  very  commonly  in  the  conjunctival  sac. 
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b^  most  frequent  of  thp.se  bacteria  requiring  mention  is  the  pneu- 
ticeu)^,  which,  especially  in  disease  of  the  laehrynuil  sac,  h  to  l>e 
ind  rtrgularly  in  the  conjunctival  sac,  and  is  the  u.sual  exciting  cause  of 
|cu^  serpens.  Of  other  bacteria  which  occur  in  the  diseased  conjunctival 
and  which  then  also  can  excite  intlanimation  of  the  cornea,  should 
be  particularly  mentioned  the  diplobacilli  of  Morax-Axenfekh 

We  call  the  cases  in  which  an  inflammation  of  the  cornea  sets  in 

I  a  res^ult  of  a  conjunctival   lesion  secondary  keratitis,  in  contrast  with 

iraary  keratitis,  in  which  the  cornea  is  the  first  point  of  attack  of  the 

Kkjurious  agent.     In  the  cases  of  secondary  keratitis  traumatism  is  not 

[quired  in  order  to  produce  a  defect  of  the  epithelium,  but  this  defect 

»y  also  develop  because,  owing  to  the  abundant  secretion  in  the  con- 

ttnctival  sac,  the  corneal  epithelium  i^  macerated  and  in  places  exfoliated, 

I  that  access  to  the  corneal  tissues  is  opened  to  the  germs  present  in  the 

(fosue.     Hence  we  particularly  often  find  secondary  corneal  ulcers  near 

margin  of  the  Cornea,     For  in  a  severe  case  of  conjunctivitis  the 

Bn  hmbus  rises  steeply  from  the  cornea,  so  that  here  a  dead  angle  is 

llced,  in  which  the  secretion  remains  lying  because  it  cannot  be 

nish*.»d  away  by  the  movement  of  the  lids.     Consequently  the  corneal 

[epilhehum  is  macerated  in  this  spot  most  of  all.     Infection  of  the  cornea 

ay  be  produced  by  the  exciting  cause  of  the  simultaneously  present 

onjunctivitis,  but  may  also  be  produced  by  any  other  pyogenic  agent. 

|Thu?  in  conjunctivitis  gonorrhoica  and  (hphtherica,  we  commonly  find 

1  Ihe  corneal  ulcers  not  the  specific  liacteria  but  the  ordinary  pyogenic 

In  suppurative  processes  in  the  cornea,  besides  the  bacteria  above 

nentioned,  there  have  been  found  as  isolated  instances  others  of  very 

lilTm-nt  kinds.     It  is  interesting  that  among  them  occur  those  which 

^here  are  not  pathogenic  at  all  (e.g.,  the  bacillus  su!>tilis)  or  which 

'»far  have  be«*n  found  only  in  the  cornea  (the  bacillus  of  Zur  Nedden), 

The  eetogenous  infection  of  the  utterkyr  of  the  eye  as  a  rule  takes 

pboe  only  when  the  eyeball  is  laid  open,  either  liy  perforating  injury 

_|ürby  Ik  perforating  ulcer  of  the  cornea.    In  exceptional  cases,  a  very  thin 

in  the  envelopes  of  the  eye  may  enable  the  l)acteria  to  enter,  this 

r example  happening  in  syl>conjunctival  rupture  of  the  sclera,  in  which 

efects  of  the  epithelium  and  minute  splits  in  the  conjunctiva  might 

m  the  portal  of  entry.     Particularly  dangerous  are  old  scars  of  the 

ea,  uith  inclusion  of  the  iris,  when  the  scar  is  protruding  and  thinned. 

the  movement  of  the  lids  the  epithelium  may  be  injured  at  the  most 

linent  portion  of  the  scar»  and  the  germs  which  enter  there  get  not 

fthe  cornea  but  at  once  into  the  incluiltnl  iris  and  thus  into  the 

tior  of  the  eye  ('Mate  infection  of  the  eye"). 

In  recent  injuries  either  the  body  that  causes  the  injury  carries 

E^rms  into  the  eye  (primary  infection),  or  these  germs  during  the 

I '4  days,  as  lung  as  the  wound  remains  unclosed,  enter  from  the 

liva    (secondary    infection).      In    perforating   injuries    primary 
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infection  is  the  more  frequent  process,  in  contradistinction  to  the  slight 
traumatisms  (erosions)  of  the  cornea,  in  which,  as  above  mentioned, 
secondary  infection  is  the  rule.  Whether  a  primary  or  a  secondary  infec- 
tion lies  at  the  basis  of  an  inflammation  can  in  part  be  determined  by  the 
period  at  which  the  inflammation  sets  in.  In  a  primary  infection  of  the 
eye  by  pyogenic  agents,  a  severe  inflammation  begins  in  twenty-four 
or  at  most  forty-eight  hours.  A  later  outbreak  of  the  inflammation  argues 
a  later  onset  of  infection,  i.e.,  a  secondary  infection. 

The  eye  is  not  a  single  cavity,  but  is  divided  by  a  diaphragm  con- 
sisting of  the  lens  and  the  zonula  into  aq  anterior  and  a  posterior  segment. 
As  regards  infection  the  two  behave  in  different  ways. 

Perforating  wounds  in  the  anterior  division  of  the  eye  often  heal  with- 
out inflammation,  even  when  they  are  produced  by  foreign  bodies  that 
are  not  sterile,  because  the  aqueous  which  gushes  out  at  once  effects  a 
natural  irrigation  and  cleansing  of  the  wound.  (Thus  it  is  explained  why 
minute  perforating  punctured  wounds  of  the  cornea,  in  which  the  aque- 
ous does  not  escape,  are  more  dangerous  than  large  incised  wounds.  In 
the  pre-aseptic  time  discission  of  a  secondary  cataract  was  in  the  hands 
of  some  operators  a  more .  dangerous  procedure  than  the  cataract  opera- 
tion itself.)  Even  the  very  frequently  occurring  perforation  of  the  cornea 
by  ulcers  but  rarely  leads  to  purulent  infection  of  the  interior  of  the  eye, 
because,  from  the  moment  of  perforation  up  to  the  closure  of  the  opening, 
aqueous  continually  oozes  out  and  impedes  the  progress  of  germs  in  the 
opposite  direction. 

Quite  different  is  the  behavior  of  the  posterior  division  of  the  eye 
with  regard  to  a  perforating  injury.  The  vitreous  does  not  flow  out  in 
any  great  quantity,  but  lies  in  the  wound.  The  latter,  therefore,  is  not 
irrigated — in  fact,  the  protrudin«;  vitreous  affords  subsequently  a  con- 
venient path  for  the  entrance  of  germs.  The  bacteria  arriving  in  the 
vitreous  find  here  an  excellent  nutrient  material,  the  more  so  since  the 
natural  protective  substances  are  absent  from  the  vitreous.  Hence 
many  bacteria  which  otherwise  are  not  pathogenic  for  the  body  excite 
severe  inflammation  when  introduced  into  the  vitreous.  Of  such  saphro- 
phytes  the  bacillus  subtilis  (hay  bacillus)  is  the  one  that  most  fre- 
quently becomes  the  exciting  cause  of  a  severe  inflammation  (usually  a 
panophthalmitis) . 

Not  only  does  infection  develop  more  readily  in  the  posterior  division 
of  the  eye  than  in  the  anterior,  but  it  has  much  more  serious  results  in  the 
former.  Even  a  severe  inflammation  in  the  anterior  segment  does  not 
necessarily  lead  to  blindness.  Its  consequences,  posterior  synechia 
and*  pupillary  membranes  and  even  a  secondary  opacity  of  the  lens,  can 
in  many  cases  be  removed  by  operation.  An  infection  in  the  vitreous 
cavity  leads  in  slight  cases  to  a  plastic,  in  severe  cases  to  a  purulent  in- 
flammation. In  the  latter  case  the  pus  may  either  become  encapsulated 
(abscess  of  the  vitreous)  or  break  through  to  the  outside  (panophthal- 
mitis).   Even  in  the  slightest  caseS;  those  of  plastic  inflammation,  the  eye 
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liy  becomes  blind,  because  the  exudates  subsequently  shrink  and 
?Uch  the  retina  frora  its  bed. 

From  what  ha*^  been  said  it  ran  Ije  understood  that  operations  in  the 
Rterior  negment  of  the  eye  coukt  be  made  with  good  results  even  in  the 
^a!<i*ptic  time,  while  any  manipulation  in  the  vitreous  cavity  was 
DUted,  because,  as  experience  showed,  it  was  always  followed  by 
UjipiirÄtion  of  the  eyt».  The  aseptic  method  has  made  ii  transformation 
\\h\n  rci^ard,  but  for  traumatic  lesions  the  old  law  still  iiolds  good. 


While  infection  of  the  interior  of  thV  **ye  pnmmonly  affeelK  only  one  of  the  two 
nt*  of  the  eyeball,  this  i.s  i>iit  true  uf  the  Ktili8e<|nent  infläiinnmtirm.    With  refjard 
lihi»»  thnM?  ea>*e«*  «jccnr      1.    The  infl^-nnnuiliun  remains  ahsohitely  confineil  to  one 
nt.    We  may  see  in  the  depth  of  the  vitreuiis  an  alwcess  flevelup  about  a  foreij^n 
lile  ihe  anterior  segment  remamt;  (piite  norniar    To  be  sure.  eai*e-s  of  thi»  kind 
ptiottj^  infection  are  very  rare;  in  entlo^onous  infection  they  occur  more  often, 
nrly  in  the  metastatic  inflann nation,  which  i*<  iirtKluceil  by  the  menin^oeoecUi* 
1  accompanif^s  cerebrospinal  meningitis,  we  not  so  very  ntrely  see  the  yt-llow 
'  ]>uti  in  ibc  depth  of  the  eye  while  the  anterior  i^epnent  is  normal.    Of  coni^e, 
ben,  tlli5  COiivenie  may  ocenr  (i»e.,  suppuration  in  the  confine.')  of  the  anterior  chamber 
l^hiJr  the  jireterior  division  if»  intact),  only  thi?^  cannot  eonnnonly  Ijc  proved,  wince  a 
*  w  into  the  doe|)er  part«  is  prevented  by  the  exmlate.    2.  hi  infeclioii  of  one  M»pneni 
|A)evelof)$«  in  the  other  a  somewhat  less  s^evere  inflammation  due  to  the  action  of 
iwbidi  diffuiue  from  the  primary  focu8  of  inflaiinniition  through  the  diaphragm 
f  other  segment.    Thiw  in  the  most  frei|uent  case.     With  iiifectiims  of  ttie  vitre- 
Jtity  there  is  present  in  the  «nterior  Nt^pment  an  iriti><.    Similarly  with  infection  of 
(tfrior  >it»^nent  Iherf»  tleveloi).«;  a  non-piirulenl  exudate  in  the  anterior  [mrtion  of 
vitrnjUH.  or,  in  the  lightest  cases,  there  develops  at  least  hyjx'riemia  of  tlic  ri'tina 
AtQ  nerve     Tins  latter  is  found  at  limes  as  a  remote  effect  even  in  non-f>erforal- 

of  liie  cornea,     ♦?,  The  agents  themselve«  which  excite  infection  piiKs  from 

lUl^eiit  t'»  the  other  and  lea^l  to  a  scnere  inflammation  there. 

V^liich  uf  the  above-men  tinned  cases  occurs  dejTends  mainly  on  two  circumstances^ 
.  .rt,i,...^>  of  f  jj^  infection  atvd  the  *lensity  of  the  tliaphrapin.    The  latter  is  diminished 
*  st  extent  in  case  of  absence  oj  th«^  leus  (e.^.,  in  an  rye  that  ha^  Ixhti  onürated. 
.iiCiCt)  and  lo  a  I?*4i  I'AlMl^jh  Ihe  el'tilU  Hi  im  mjury  to  the  lens.     In  ca^es  of 
rTtbcre  is  the  additional  factor  that  the  swelling  len»  masHes  give  a  much 
tflutnent  material  for  bacterid  than  dcx's  the  a4]ueoUH.     It   lias  In^en  shown  by 
Ttit  that  the  sainc^  infection  hituuted  in  the  n'gion  of  the  iifittTK)r  ciuunlH  r  has 
TiU*  *^'nons  con>,c^jpience^  i\  the  caiisuje  ot  flic  Ien>  has  p^eviou^ly  be<  n  ruptun-d. 
'  rjta  ex|»enenre  fhat  perfoniting  injuries  with  ojM»iuag  of  the  lens  capsule  are 
öllowe<i  by  severe  inflammation  than  are  precisely  similar  injuries  with  an 
f  For  the  same  reason  in  the  p re-aseptic  time  the  ofK*ration  for  cjitaract  was 
certain  number  of  caM%  by  ptmdent  infeetioiv.  while  this  almost  never 
vk  pUtce  ö/ter  an  iridectomy. 

The  bacteria  that  enter  the  anterior  chamljer  multiply  in  the  aqucnnis  and  ofteir 

»grow  out  into  the  iris,    Tlyij^j^jeria  which  get  into  the  vitr^'ous  gr^'^-  ||[)iipil-inr]v 

lUlciftitcri  bvit  do  not  onhnarily  pa^s  into  the  nmer  coats  of  the^Te.    The  iHirujent 

"*  ^1  tF'A  iarrer<lerM*iitts,  therefore,  on  the  remote  actictn  of  t he,  biiClxkii*^ 


'I'he  inflauituation  €onse(|iiently  affects  mainly  the  inner  sur- 
^tnemOranes,  i.e  ,  the  retimd  coating  of  the  ciliary  IxkIv  and  the  retina  itself. 
I  Aceotint  the  name  endophthalmitis  is  a  projjer  one  for  this  sort  of  inflamma- 
When  the  bacteria  are  particularly  abundant  or  \irulent,  necrosis  of  the  coats 
hbe  eye  develops,  starting  from  their  inner  surface.     Xi»crosis  of  the  cornea  leads  to 
rentnnc«  into  it  of  leucocytes  and  to  a  demarcating  inflammation  with  the  clinical 
s  of  ft  ring  abscess.    Necrosis  of  the  inner  coats  of  the  eye  in  the  posterior  segment 


^js 
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affecU  first  the  retina,  then,  when  of  great  intensity,  the  chorioid  also,  and  laid;  of  all  the 
sclera,  and  thus  paves  the  way  for  perforation  of  the  coats  of  the  eye  in  panophthalmitis. 
Apart  from  the  question  of  its  situation  (anterior  chamber  or  vitreous)  and  of 
individual  susceptibility,  the  severity  of  the  inflammation  depends  mainly  on  the  quan> 
tity  and  virulence  of  the  invading  bacteria.    In  the  traumatic  inflammations  the  most 

frpqiiPnf   y^qtincr  naii«^  nf   niinilpr^^.   i n flam m5i| ion   is  the  streptococcus  and  i^condlv 

the  bäci^us  subtilis;  in  operative  injuries  the  pneumococcus  comes  first  and  the  streo- 
toco<M;us  secojid. 

Slighter  inflammations  also  occur  after  injuries  and  operations.  Such  inflamma- 
tions set  in  only  after  a  rather  long  period  of  incubation,  sometimes  indeed  not  till  after 
the  lapse  of  weeks,  and  run  a  milder  course.  In  place  of  the  purulent  exudate  there 
appears  a  delicate  plastic  exudate  or  precipitate.  However,  even  these  cases  of  insidi- 
ous inflammation  may  lead  ultimately  to  the  destruction  of  the  eye.  In  exceptional 
instances  such  mild  cases  may  be  produced  by  the  ordinary'  pyogenic  germs,  while  in 
other  cases  are  found  bacteria  which  are  less  virulent  or  which  in  other  situations  are 
not  pathogenic  at  all.  In  other  cases,  again,  it  is  not  possible  to  demonstrate  the  presence 
of  any  bacteria  whatever. 

(6)  Endogenous  infection.  Endogenous  infection  consists  in  this, 
that  pathogenic  germs  get  into  the  blood  and  are  carried  with  it  into  the 
vessels  of  the  eye,  where  they  settle.  The  nature  of  the  eye  inflammation 
depends  mainly  upon  the  nature  of  the  germ.  The  pyogenic  germs  cause 
a  purulent  inflammation  of  the  eye,  which  generally  passes  over  into 
panophthalmitis.  It  is  these  inflammations  that  are  known  as  metastatic 
inflammations  in  the  narrower  sense  of  the  term. 

Metastatic  ophthalmia  is  produced  either  by  ordinary  pyogenic 
germs,  among  which  the  streptococci  rank  first  and  the  pneumocpcci 
5wnon<j.  or  by  bacteria  whiclf  are  specific  for  certam  delimte  aiseases  {e.g., 
tSe  meningococcus,  the  pneumobacillus,  the  influenza  bacillus,  the  ty- 
phoid baciiius^  etc.).  Moreover,  a  mixed  infection  may  also  occur.  T^he 
diseases  causea  by  these  bacteria^  and  above  all  puerperal  fever  an  J 
^"'^''^TIFY  PYfP"^^*'!  °ir^  the  main  cause  ot  metastatic  opüthainüa.  But 
sometimes — as,  for  example,  in  the  case  Af  ttll  Illüöliülaerabie  attack  of 
influenza  or  a  very  small  purulent  focus  somewhere  in  the  body — ^the 
original  disease  may  develop  in  so  mild  a  guise  that  it  is  overlooked, 
and  the  panophthalmitis  apparently  develops  spontaneously  (crypto- 
genous  metastatic  ophthalmia). 

Although  it  is  the  rule  that  endogenous  infection  with  pyogenic  germs 
produces  a  purulent  inflammation  of  the  eye,  yet,  just  as  has  been  stated 
to  hold  good  for  ectogenous  infection,  exceptions  occur  in  the  sense 
that  sometimes  the  inflammation  shows  a  light  character,  and  in  fact 
may  be  limited  to  individual  foci  in  the  chorioid  or  retina  which  go  on 
to  healing.  A  mild  roijrse  \s  ^omnaratively  freouent  in  (perebrospinal 
mejijjgiü^,  and ^t "is  the  rule  in  relapsing  fever,  whose  exciting  cause, 
however,  the  spirillum,  is  not  one  of  the  pyogenic  germs.  In^rgjjj^g 
fpvp^-  thpfivft  i<^  imnlipfttpd  usuallv  under  the  form  of  a  beniifi]  iri^^i- 
cvcjli^sTThese  cases  form  a  transition  to  the  second  group  of  cases  of 
endogenous  infection,  which  are  caused  by  the  germs  that  excite  chronic 
infectious  diseases. 


,  ^c^;t^ 
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Of  chronic  infectious  diseases  must  be  mentJÄfnrd  in  the  first  place 
Mibercuk»«»?^  flonrR  p'^^embles  it)  and  syphilis/  In  adilition  there  are 
IgoÖorrbcBa,  when  r>y  entrance  into  the  blootl  channels  it  has  led  to  general 
infe<'tion,  and  aho  articular  rheumatisnij  with  regaril  to  whose  causal 
ttgnkt  no  decision  has  yet  been  reached.    These  cÜseases  are  complicated 
by  ey«!  inflÄmmations  which,  in  conformity  with  the  pathogenic  prop- 
erties of  their  exciting  germ,  are  not  acute  and  purulent  but  chronic  and 
i^on-puruh^nt.    The  different  nn^ndiranes  of  the  eye  are  attacked  by  these 
imiations  with  different  licgrees  of  violence,  and  this  does  not  depend 
c.,.,,!iy  on  the  vascularity  of  the  membrane,  tor  the  non-va-scular  cornea 
U  often  affected.    It  is  assumed  that  the  microbes  in  question  or  their 
toxins   possess   a  differing  affinity  for  tlie  individual  membranes  of  the 
i-\f\    By  far  the  oftenest  to  suffer  is  the  uvea»  and  in  this  the  iris  and 
nlnfv  body  suffer  the  most,  the  chorioid  less.     Tuberculous,  syphilitic^ 
pi  Burrhoeai,  and  rheumatic  irido-cyclitis  are  frequent  diseases. 

Tlio  way  in  which  the  uvea  participates  in  the  general  infection,  whether  by  the 
pfwrnce  of  I  ho  liacteria  thempelve»  in  the  tiissue  or  by  the  mere  action  of  toxitm,  has 
been  but  little  itive-^tiifale«!  a*  yet  firi<l  is  |vR»l>ftb!y  not  ahvays  the  same.  In  tu))eTCul<> 
Ut  tiiui>  mris  LX^curs  with  evident  tuW^rclc  nixlules  wliich  wirhout  iloiiQ  an^  CAUst^ 
ii  sTiH  nioif^  Mtft'fi  we  find  a  chnmic  inlhi  wLirh  neitl^r 


» 


Tiiicilli  tficriis<*lv ('>■;  hue 


jdmws  t lit K  trio  iiodnlc^  nor  iillnws  us  to   «lentonstru t e 


. „  iht^  iiHcru^cüpe  or  ttylnucnlidicju,  Ht*  tJiat  we  »tiouitl  i^  incIineU  tu  attnb nt e 

thf  tmSrTTrT^Tnprt'  toxin  Mcnon^llTirTTiP  [x>H8ihility  in  by  na  means  excluded  that  in 
wch  cases  ihc  lubiTcle  biit-ilJi  ihcniKeivt's,  uhiiougli  m  »ennty  niimbrr  and  in  a  weak- 
IMd  fUte*  may  he  tlie  cause  of  the  inflammation.  Stocky  hy  injecting  tul>ercle  bacilli 
into  th»-  iA<M*A  .if  te^t  animals,  has  |»pc»diice*l  small  noihile«  in  the  iri«  and  white  patches 
in  xh  which  tUsap|>earcd  apdn  after  a  siiort  time,  while  severe  tul>erculosis 

nimn',  .-  ,  when  the  tiil>erc!e  bacilli  are  introduced  into  the  eye.  Stock  explains 
li.  t>pmgmty  of  the  affection  in  the  first  case  hy  the  asf«umption  that  the  tubercle 
twtiili  may  have  umJergone  w^akeniniTt  due  to  their  stay  in  the  blooti.  The  h'ke 
frpbnatiun  may  hold  (j^no«!  for  the  cascij  of  t>enign  tulx^rciilosis  of  the  uvea  in  man» 

Tiii^  r<.rTii>t  Ihknuucs  djseasod  nndr-r  thp  ^uifNf>  of  ltf>r?|firj>j  p^^|^-py}ivmatnK^i^  ^^ra- 
titi»  <  s*^*'"'''"^-* 'v  '^'^^^ '^^"'''*^'^>^'  keratitis.    Tlw  first  dis*>ase  is  in  mosl  casej* 

ti>T^i    .. i  f  u  L  ( •  n  'd  1 1  n  r y  ^^3'  I  ill  i  1 1  s ,  Uk'  two  latter  affect  if  m«  to  tul>ereulosis.    Here, 

»;nin,  it  in  not  determined  whether  the  di?;€»iise  of  the  cornea  depends  upon  the  direct 
DLtiofi  of  tiic  microbe«  which  may  get  into  the  cornea  from  its  marpnal  vessels  or  upon 
iKi  K 1  lutT  of  toxins.  In  animal«,  at  all  events,  there  can  be  productHj  by  the  inocubtion 
t«'  '}ih!litic  nuiterial  an  iriHammation  which  rewemble«  parenchymatous  keratitis  and 
iri  ''fut]i  *[.if(M-hjrt;3  can  Ix?  demonstratefl  in  the  cornea.  A  «imifar  keratitis  vmt  be 
jr.,,ir>-t  ^■\p'?nmentally,  by  injeetinf^  (he  tr>'panosomesi,  which  are  akin  to  the  sinro» 
f'f.i'  f ,  I'hc  retina«  in  which  the  meta^ta^*«*  that  occur  in  the  counic  of  acute  infectious 
iii>^'t  I  ftit/^i  often  li-Kjalized,  is  rarely  aJfected  primarily,  but  very'  often  secondarily 
tudi  lous  di»«»fwte«. 

,  fioiij  infrciion  of  wounds  we  understand  the  settling  of  microbes,  which 
I  irr  pr^went  in  the  circulatlnir  blorMl,  in  those  parts  of  the  Iwdy  that  have  lieen  injtired 
ll»y  tHiumatiKm.  This  |»rncesfj  can  Im?  bcI  up  exi:»erimen tally  by  injecting  pyogenic  gcmid 
itntr»  the  hloiHi  channel  and  then  injurinii;  the  eye.  What  can  be  done  in  experiments  on 
rijufn  .1,  nnt,t  tk*>  rpSTurvled  a«  prutjal>Iy  also  possible  in  man,  and  t^ome  caj^e-s  which  have 
vamincii  |j»elong  with  ureat  probability  in  thin  category  [of  endo^etumü 
^^  .,,  -  ,,,,  ..i  li).  But  we  must  be  vcrj*^  CÄreful  how,  without  »nrer  proof,  we  accept 
iUm  pfoceas  as  a  csonvenient  explanation  of  all  possible  diseaaeä  whose  cai^ea  we  do  not 
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V.    Degenerative  Processes. 

The  line  canfiot  hv  sharply  drawn  between  simple  degenerative 
proce.sses  and  inflamniatory  processes  that  run  a  very  chronic  coorse. 
Simple  degeneration  has  its  purest  embodiment  in  the  changes  which 
old  age  bringa  with  it.  Rather  arbitrarily  some  of  theise  changes  are  called 
physiological,  others  pathological,  according  as  they  are  present  in  the 
majority  or  only  in  the  minority  of  old  people,  or,  even  less  rightly, 
according  as  they  proceed  without  or  with  disturbance  of  the  function 
of  the  eye.  The  Dinp;uecula  and  irertnitoxon^ue  reizarded  as  nhvsio- 
lot;ical  changes,  but  senile  cataract  as  patholop:ical.  liltluniiyh  tnuU*  snifill 
opac^ities  oTtrie  lens  arc  t>ut  rarely  missnig  in  very  old  people. 

A  form  olf  s'eml^fegeiieratioii  which  is  disseminated  over  the  whole 
body  ijj_the  hyaline  degenerälioiröt  connective  tissue  and  of  the" elastic 
fibers,  in  tne  e^'e  tnis  degeneration  is  the  origin  of  the  Pinguecula  and 
also  of  that  ttiick<ming  of  tho_pupilkry  margin  by  which  its  motilky 
is  iinpairedr  HyaTTne  ex^iidations"and  thiekeninp;s  are  fQuiiiTin  old  TJersons 

in  the  lamina  vitrea  of  the  uvea,  where 


aml^Tso 
v]sibl 


I, 


in  llesceinet  s  membram%  _  

they  sometimes  become  visibh^  with  thp  fnyhthalmoseope^  as  BO-called 

/**  druseo/'  and  may  even  give  rise  to  disturbance  of  sight,  if  they  actually 
occupy  the  region  of  the  macula  lutea.  Another  senile  change  in  this 
(region  is  the  central  senile  retino-choricntlitis.  which  occupies  a  niid-place 
\j#«^jl)etween  degen e rati v e  an d  i n  fl am mato ry  processes,  and  which,  since  it 
^^ ^ VI eat  1  s  to  a  central  scotoma,  is  a  not  infrequent  cause  of  the  impaired 
^  si gh t_ü|j!i^kl_[}eo|> fe^  The  cystic  degeneration  of  the  retina  occurring  in 
old  i)eople  affects  only  the  region  of  the  ora  serrata  and  doc\s  not,  there- 
fore, impair  the  sight.  Very  often  the  eye  becomes  diseased  indireitly, 
as  a  result  of  senile  change  in  the  vessels.  Arteriosclerosis  may  lead,  on 
the  one  hand,  to  ruptun*  and,  on  the  other  haiicT7tonam?Ring  or  occlusion 
of  the  blood-vessels  in  the  retina,  the  results  of  which  are  hemorrhages, 
and  degenerative  processes  in  the  retina.  In  sclerosis  of  the  main  ^n^pk 
of  Hi*^  npt^|,h|dinie  arti^ry  or  the  internal  carotid,  the  tJpticL nerve  may 
be  so  compresstnl  by  tKf  hi^yd  vos^sol  wall  that  it  atrophies. 

fhysicnl  Inß neu ces ,  without  exceeding  their  customary  limits,  may 
lead  to  degenerative  changes,  if  either  they  act  in  a  cumulative  way 
for  a  long  period  of  time,  or  if  a  tissue  that  has  too  little  resistance  is 
opposed  to  them.  The  former  is  the  case  wnth  the  Pinguecula,  which, 
although  it  is  a  senile  phenomenon,  yet  develops  only  at  that  portion  of 
the  cornea  which  is  exposed  to  the  air:  the  latter  is  true  of  the  zonular 
opacity  of  the  cornea  which  develops  in  the  regjion  of  the  palpebral 
fissure  m  eyes  which  Ifave  suffered  in  nutritjon,  owing  to  some  grave 
disease/  In  exceptional  msianees,  zonular  opacity  of  the  cornea  occurs 
as  a  simple  senile  change,  in  which  case  age  constitutes  the  cause  of  the 
diminished  nutrition  of  the  cornea» 

Poisons  attack  first  of  all  the  most  sensitive  portion  of  the  eye,  the 
retina,  and  in  this  again  the  ganglion  cells  which  are  particularly  "sus- 
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^ptlble  t4>  poison.    These  cells  are  simply  kilk-d  by  the  poison,  and  as 

\  o«*ei*ssÄry  con^equeTice  there  is  developed  an  aseending  atrophy  of  the 

^e-fit*er  layer  of  the  retina  and  optic  nerve.     This  process  has  been 

rated  experimentally  for  a  series  of  poisoas  (quinine,  ülix  mas. 

i  by  some  is  asserted  to  occur  in  the  case  of  other  poisons  also 

jbacro,  alcohol,  etc). 

For  a  series  of  degenerative  processes  we  do  not,  up  to  the  present 
HI*,  know  the  cause.  Only  a  few  of  these  processes  need  be  mentioned 
pre:  In  the  cornea,  nodular  and  lattice-shaped  opacity  and  keratoconus; 
I  the  lens,  many  forms  of  partial  opacity:  in  the  retina  and  optic  nerve, 
tinitis  pigmentosa  an*l  those  changes  which  characterize  Sachs's  family 
nuiurotic  idiocy.  These  degenerations  occur  rather  often  with  an 
rreditary  or  family  distribution,  so  that  probably  they  are  founded  on 
onve  comjenital  deftdtt'e  structure  of  tlie  tissues,  which  later  in  the  course 
I  life  IxTomes  manifest  as  an  actual  disease. 

VI.     Congenital  Defects,  Heredity, 

We  call  many  a  thing  a  congenital  defect  of  the  eye  without 
|bdnß  alile  to  offer  sure  proof  that  it  actually  was  present  at  the  very 
piument  of  birtlu  (iross  changes  in  the  eye  of  a  new-born  child,  to  be 
i\  excite  the  attention  at  once,  but  changes  in  the  backgroun*!  of  the 
ye  are  naturally  not  tliseovered  until  much  later,  on  the  occasion  of 
N>me  ophthalmoscopic  examination^  and  even  complete  opacities  of  the 
Irns  are  usually  not  noticed  until  weeks  or  months  after  birth.  So  it 
appens  that  with  regard  to  one  of  the  most  frequent  forms  of  cataract, 
Cataracta  perinuclearis,  we  do  not  yet  know  for  certain  whether  it 
ital  or  is  acquire<l  in  the  first  years  of  life.  Of  one  aiionialv  which 
congenital,  the  meduHated  fibers  of  the  reti|]^:^„  we  tvT!||^Y_l^ 


^ 

eanntyTM^cQnSeniTat,  because  at  the  time  of  ^nr\n  flf^^JM 

»ptic  nerve  it:<p|f  ytssess(>s  no  medullary  sheaths,  these  bemgiormed   ^J"^ 
in  extra-uterine  lif«'.     The  laitv  pnicred  in  a  stil!  more  in  consequent  ^^1 


tAJnlv  now 


the  optic 

fifst  in  extra-uterme  \\i*r.     l  he  Jaity  pnirreu  in  a  still  more  mconsetju« 
ffishion,  changes  whic-h  develop  soon  after  liirtli  (e.g.,  those  due  to  oph 
^tbalmia  neonatorum)  being  often  alleged  to  be  congenital. 

Congenital  defects  are  of  two  kinds.    One  kind  tlepends  on  an  inter- 
pnce  of  development  f  mal  formations,  in  the  narrower  sense  of  the 
[)rtl),  the  other  on  some  disease  of  the  fetus.     A  sharp  line  of  dis- 
Eiction  between  the  two  cannot  be  drawn  in  all  cases. 

The  d  i i^t  urban  re  fi  of  develop  merit  are  attril>iital>le  either  to  a  <fefectLve 
om*t i t utjmi  of^the  germ-cell  itself JmviryLi_t_s  origin  iiiLthe_ralherj21Llhe 

ortotn^icnoTrTJnTn^neigl^^ 
mn-vvU.     A  good  ev^imolp  ni  the  first  ease  is  eoiirronitnl  ntosis.  which 
K) n I etimes  is  inherited  t ]irou^itLJa£BJ:äLi££ll£rMLQ  Ft  is  due  to  entye 

l35JBvpfTevelfn>m^^pt  of  the  lpva|r^p  p^^^lnpln-fp.     The  same  is 
case  wr^i   colobcmiata  7>r   ejm^pje^te  al>sence  of  the  iris. ^vith  con- 
Jacemento^fTe  lens,  etc.    Malformations  based  upon  a  defect- 
■sTfmvTvjTfcäPTorm^which  find  their  explanation  in  embry- 
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ology.  Injurious  effects  of  the  surrounding  parts  on  the  germ-cell  are 
shown,  for  example,  in  the  case  of  pressure  of  the  amnion  upon  the  fetus, 
or  in  the  presence  of  amniotic  bands,  by  which  many  anomalies  in  the 
lids  and  conjunctiva  are  accounted  for. 

Fetal  disea^s  arise  either  from  diseases  of  parents  (especially  syphilis) 
or  from  traumatic  injuries  which  attect  the  fetus  while  still  in  utero. 

Tr>   rionz-l^fn-j^    gj|m|1eQn     wp   mnv   find    pifhfir  fhp   rpgiilf.«  nf  fJiRAaiaAg   fhat 

have  already  run  their  course — such  as  opacities  of  the  cori^^g  gr  gl^phy- 
lomata  f(;)llQT|vii^gk^j^fttiüs,  adhesion  of  the  puoil  or  atvpic^l  colQ|p9|pata 
fonoiy^T^pjriti^tc. — or  diseases  ^for  mstance,  retinitis  pigmentosa)  which 
are  still  recent  and  which  undergo  further  development  in  extra-uterine 
life.  CongeniiaJ_timQr§,,also^(Jor_ejc^^  angiomata,  nsevi,  gliomata) 
occur,  whicl^ro^i£ffge^n'^terT?er^Ti?'BSnge^^  wnich 

ar^'^r8Btl[?eTTI^*T5SernaTTnji^^  diseases  are  not  so  typical  as 

the  malformations  proper.  In  recent  times,  the  production  in  an  experi- 
mental way  of  disturbances  of  development  by  action  from  without 
forms  a  fertile  field  of  study. 


In  this  text-book,  the  malformations  proper,  being  the  really  typical  changes, 
are  the  conditions  mainly  pictured.  Some  of  them,  e.g.,  albinism,  form  but  one  of  the 
symptoms  of  a  general  inhibition  of  development  or  they  are  at  least  accompanied  by 
other  congenital  anomalies  of  the  body;  but  generally  the  malformation  of  the  eye  is 
the  only  congenital  defect  present.  Most  malformations  can  be  attributed  to  inhibition 
of  development.  The  earlier  this  sets  in  the  more  marked  are  the  consequences.  Thus 
in  hJybjjJiyn  occumjiyj^h^^  in  which 

case  oxriT^^carcely  recöginzaDiefu3inaen^fthe  eyeball  is  present^i^Sn  be  readily 
understood  that  the  inhibition  of  development  most  frequently  affects  those  parts  in 
which  the  processes  of  development  are  most  complicated.  In  the  eye  this  is  the  region 
of  the  fetal  ocular  fissure.  Incomplete  or  too  late  closure  of  this  is  one  of  the  most  fre- 
quent causes  of  congenital  malformations.  That  is,  if  of  extreme  degree  it  is  the  cause 
of  microphthalmus  with  appended  cyst;  when  of  slighter  degree,  is  the  cause  of  colo- 
boma  of  the  inner  membranes  of  the  eyp,  of  ectopia  of  the  lens,  etc.  In  the  human 
being  after  birth,  then,  we  find  either  the  actual  condition  set  up  by  the  inhibition  of 
development  or  else  its  consequences.  Thus,  for  example,  the  cysts,  which  sometimes 
hang  upon  the  microphthalmic  eyeball  and  are  usually  considerably  larger  than  the 
latter,  are  in  after-development  due  to  ectasia  of  the  insufficiently  closed  spot  in  the 
wall  of  the  eye.  In  such  a  way  as  this  an  organ  which  was  originally  well  developed 
may  be  secondarily  altered. 

Many  malformatimi^^r^jaused  by  the  p6£8istfiPCfiTPfn^i?fr^Btfll  fitniCtiUrP-^-  "w^hirh 
otherwise  unc[er^^S5QgS^lQ^5SH8H3iE3^^^2fi.g.i^iLJai^^  hvaloi^arterv^r 
a  peTSisTeBfTupula^^nembmneTiji 


im  mmvm 

)  dense.    This  mfe 


18  made  more  dense.  This  interferes  with  the  filtration  of  the  aqueous  outward,  so  that 
tWWBWtSVPBp^  increase  of  tension  and,  afterward,  enlargement  of  the  entire  eye. 
Here,  too,  the  conspicuous  thing  is  not  the  malformation  proper  but  its  final  result,  the 
enlargement  of  the  eyeball. 

The  most  important  cause  of  the  malformations  proper  is  a  defective  constitution 
of  the  germ-cell,  which  is  acquired  through  heredity.  In  the  wider  sense  of  the  term, 
heredity  takes  place  in  two  ways,  by  transmission  of  a  defective  tendency  which 
sooner  or  later  develops  into  a  malformation  or  a  disease,  or  by  the  transmission  of  tfee 
disease  itself.  The  most  frequent  example  of  the  latter  case  (so-called  pseudo-herediiy) 
is  the  inheritance  of  syphilis,  which  takes  place  by  the  direct  passage  of  spirochet» 
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fniD  the  mother  to  ihc  [onw;  farthemiorc,  cbeiiiical  teubütance«*  (e.g.,  »Jcohol.)  ctrculattag 
jaxlhm  Ulfxwl  nmy  cause  the  fetus  tu  Ix*  diseased.  But  by  heredity  in  the  tnte  sen^e  we 
VKtcastaod  simply  thr  tmtwmifeion  of  a  tjcfective  ti.*n(ioncy  to  I  he  flescendaut»  Weiws- 
Qianti  bas  fonuulaieti  the  following  hyjxithesis  with  regard  to  heredity  in  general: 
The  difimintiii  sulwlance  of  the  nucleus  of  (he  ovum  which  haß  just  l>een  fertihzcnh  and 
wfaidl  ooneijKts  of  the  combjnetl  patenud  and  maternal  chromatin,  is  not  completely 
«QMUtnCHi  in  buiUling  ii|>  a  new  organism  by  a  proeesä  of  continuous  subdivision,  but 
ifmnll  f^rf  ton  of  it  is  ölored  up  and  remains  hk  the  germ-pla,sni.  Thin,  in  the  developed 
i  ■  '^^itetl  in  ihc  genn-eciU  ihenjMves,  urn]  from  it  springs  the  next  genera- 

'if  gi^rm-f>hitim).  When,  therefore,  father  and  son  have  the  same  heredi- 
ty; i-  P  fir^.  likiii  arises  fn»in  the  simie  defective  genn-plasm.  For  the  first  in  the  hue 
oi  II  r  rotors  who  shows  the  defcK't  at  alb  it  must  be  ai^sume<i  that  for  unknown  reaiüona 
fir  j.ni  j.hij-in  from  which  he  was  derived  was  constituted  diflerently  from  that  of 
L.  ]  r«  '!•  t  <  --^-irs  (primary  germ  varialionj.  But  when  this  abnornuil  constitution  of  (he 
cr  li  [  1  i-nt  lia#once  develoj>eil,  it  can,  in  accortlaiice  with  the  continuity  of  genn-phiHm, 
U  ir.ii^sMitted  lo  all  succeeding  generations,  as  the  pr<:»iluction  l>y  animal  breeilcrs 
nf  ac*  vnrieiie*<  of  arumali*  from  a  single  abriortnHlly  formed  individual  proves. 

fffre^hty  from  one  generation  to  the  next  isi  direct  hen»dity.     But  one  or  more 
n»Jty  Ik*  *-kipjied,  the  defective  tendency  ol  the  genn*cell  rr^maintng  latent 
r  tlisconlinuoufl  here*lity,  or  atavism).     This  pkippin^  of  generations  may 
LjkUulU  go  so  far  that  (lie  like  structure*  is  fotmd  only  in  our  ancestors  among  the  ani- 
|l&ftU.    For  example^  the  prv^Hence  of  liytiline  cartilage  in  the  semilmiar„fold._iilii£kJB 
jirlv  r  t  rr- TnpTfSSBPf^ffffl^SB^^  races  of  tnjin- 

,>  pM  >«.-tas  ibecartilajge  iti  th^nnitl>faiia  nictitrms  tjOlie  iriarimialia.     niscon- 
I  ttA^?T7^^>r7iTtifi<l  ruiil«*  n't''nliirl\'  in  f wn  e\'e  tliM'jts.oK.  fin1nr-l>Tmtin<>>is;  mtmI  hpre^ll- 


[tqii!»ffinnfiinra;imji ^^^^ 


ihtlTe  au'iitionaJ  r?eculiantv  that  ttie  (iiH-ase  rt'Oiams  latent  m  th 


jtiM^iailfft^MiTiiiMiiiikMÜLfaaiiiai^UWIltMilBfMtifdMaiiiygii 


l_li££_iUst    tlie 


JVmale 
'ITat 


Ti'e'lr  Kueec^jssors.     The  di;ieaw>d  father  has  health v  sons  and  dauifiUers. 


LäämA 


tV Chllilnn  o!  vur  ^ü7is^  are  also  healthy,  bu(  the  children  of  the  daughters  are  alTected, 
«»(tf  Btf  ihey  are  of  the  nude  aex.     (fla^mophilia  Ix'haves  in  a  similar  way.) 

A  defective  tendency  in  one  progenitor,  which  has  remained  latent,  may  b<»come 
OHtiifwt  111  the  de«icendant,  if,  by  chance,  the  other  progenitor  po!»sesses  the  same  latent 
ttiKlnicy,  so  that  the  two  tendencies  are  adde<l  together,  and  thus  from  two  healthy 
(atv^it  iliHeii&oti  descendants  are  t^rmlnced  (potentized  bereihty).  Of  course,  a  faulty 
tfQiii*ncy  having  the  !*ame  tren«i  is  most  apt  to  Ik*  found  in  (host-  [lersons  who  have 
t^  mme  descent,  for  which  rini^on  <h'G:enen\ted  childriTi  are  more  fre<|uently  derivetl 
liQiD  the  marriage  of  blrnrd  relations  (ha  nfrwLirjJ^  in  As  an  example  may 

b» laeftttoneTTSmenTary^^Tp^e^t^l^^  degenerative  he^TTiBn' 

'    *  '^'^"^'^^^^^^^^^^^        '^     ^^^^^Tärafiveiy  oTten^öccu^nÜie 


n  a^»<QCiat«*' 


wuh  It 


wnicr^onilitii 


4. 


nifiilnng  of  corisjingu  1 1 1 eous^üimilil '^ • 

^T^^STuntrnTT  ri r ,7 ii I rvii  d Uaus^rs .  in  the  narrower  scn^  of  the  word,  art?  mherited 
.  LitiU  more  ol>scun>  than  is  inheritance  in  general.  The  occurrence  of  such  inheritance 
[ ii «»t4ili1iKhed .  btit  in  any  case  it  is  much  less  common  than  is  generalh^  ossimied. 

Tbe  iMxpiired  anomalies  or  tbseases  may  (1)  already  Iw  present  at  birth*  e.g.,  in 

I  ilk» OH»  of  pif*srs,  ruloboma  or  al>sence  of  the  iris,  ectopia  of  the  lens,  congenital  cataract, 

[fil  Tbej'   '  *  at  birth  only  as  a  tendency  and  do  not  develop  until  later  on^ 

H  Ü  the  form  of  optic  neuritis  above  mentioned,  retinitis  pigmentosa* 

'•lllfiutiy  km  i-  v\  cataract.     Finally  \\{)  the  fault v  dis|>OMnon  dc>p»>ndem_üuJmiaJity 

fai^ji^y^^'tnlv  a  dix/M^^e  itt  all,  bni  may  l»e  only  a  varirly  of  anaTfifiuciil  cuii^t ruction 

which  tüo-* 


wlien  tut  her  injurious  itifluffires  an*  aiide^l — exampje^^ 
ractcr  n>  (he  sclent  that  preihsoitMe^  to  myopia  and  the  gmail- 


►  of  tlic  eyeball  that  prefhs^xwes  (o  glaucoma 


d 
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VII.    Symptoms  Associated  with  Eye  Diseases. 

The  secretion  in  inflammation  of  the  conjunctiva  is  either  mucous 
or  purulent,  according  to  the  intensity  of  the  inflammation.  By  the 
drying  of  the  secretion  the  lids  stick  together,  especially  over  night. 
Only  in  conjunctivitis  eczematosa  the  secretion  of  mucus  is  little 
marked  in  comparison  with  the  profuse  secretion  of  tears,  because 
this  disease  in  its  pure  form  affects  only  the  conjunctival  hulbi.  The 
secretion  of  tears  is  also  associated  with  diseases  of  the  eyeball  itself, 
including  the  inflammations  of  the  cornea,  iris,  and  ciliary  body. 
However,  both  these  diseases  and  conjunctivitis  eczematosa,  if  'they 
last  a  long  time,  readily  lead  to  catarrhal  inflammation  of  the  con- 
junctiva and  hence  also  to  a  secretion  of  mucus  in  addition  to  the 
secretion  of  tears. 

Since  many  tears  flow  down  into  the  nose  when  the  secretion  of  tears 
is  profuse,  a  patient  often  has  to  blow  his  nose,  and  hence  thinks  that 
he  is  suffering  from  a  cold.  At  the  beginning  this  is  incorrect,  but  when 
profuse  lachrymation  has  lasted  for  a  long  time  the  mucous  membrane 
of  the  nose  does  finally  get  into  a  catarrhal  state,  owing  to  the  irritation 
produced  by  the  tears. 

Photophobia  originates  both  in  the  terminal  fibers  of  the  trigem- 
inus and  also  in  the  retina.    Photophobia  expresses  itself  under  the  forr 
of  an  unpleasant,  even  painful,  sensation  and  blepharospasm.     Most 
of  the  nerve  endings  of  the  cornea  are  in  the  epithelium,  hence  foreign 
bodies,  small  erosions,  and  superficial  inflammations  of  the  cornea  arc 
accompanied  by  marked  photophobia,  particularly  if  the  nerve  terminal: 
are  irritated  by  frequent  winking.     (Bandaging  of  the  eye,  therefore 
produces  relief.)     Deep  ulcers  of  the  cornea,  in  which  the  superficia 
nerves  have  been  destroyed,  or  deep  wounds  of  the  cornea  produce  mud 
less  photophobia,  so  that  we  may  almost  say  that  the  photophobia  i.^ 
often  in  inverse  relation  to  the  gravity  of  the  corneal  change.    Inflam- 
mations of  the  iris,  which  is  very  rich  in  sensory  nerves,  are  also  asso- 
ciated with  marked  photophobia.    In  all  these  cases,  the  mere  openinp* 
of  the  lids,  even  when  the  illumination  is  weak,  suflfices  to  evoke  reflex 
blepharospasm. 

The  case  is  different  with  the  photophobia  that  emanates  from  the 
retina.  This  photophobia  occurs  only  when  there  is  a  great  amount  of 
light  falling  upon  the  eye  (e.g.,  when  one  looks  at  the  sun),  but  in  that 
case  affects  healthy  eyes  also.  In  the  case  of  the  retina,  it  is  not  sensory 
fibers  (since  these  are  not  present  in  it)  but  optical  fibers  that  convey 
the  reflex  to  the  sphincter  of  the  lids  and  of  the  pupil  (see  page  22). 

A  symptom  that  frequently  accompanies  photophobia,  whether 
emanating  from  the  trigeminus  or  the  optic  nerve,  is  reflex  sneezing. 
Particularly  in  conjunctivitis  eczematosa  with  marked  photophobia 
sneezing  sets  in  with  great  regularity  whenever  the  attempt  is  made  to 
open  the  eyes. 
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Under  normal  conditions,  the  pre-^uricuhr  lymph  gland  is  not  per 
ceptible  to  the  touch.    When  it  can  be  felt  through  the  skin  this  prove© 
tbt  there  h  some  swelling  of  the  gland.    Such  swelling  is  associated  with« 
rvt'  diseases  dependent  upon  infection  of  the  eye.    The  conditions  that^r. 
most  frequently  give  rise  to  it  are,  on  the  one  hand,  the  phlegmonous 
iuflammationti  (hordeolum,  panophthalmitis    phlegmons   of   the  orbit), 
ftntl  also  inflammations  that  are  particularly  virulent  (vaccine  blepha- 
ritis, gonorrhceal  and  diphtheritic  conjunctivitis).     A  marked  glandular 
swelling   is   especially  characteristic   of    Parinaud's  conjunctivitis  (see 
1 15).     Among  chronic  infectious  diseases,  the  tul>erculous  and  syphilitic 
inflammations  of  the  eye  and  its  adnexa  lead  to  swelling  of  the  pre- 
Auricular  gland. 

Fever  is  but  rarely  produced  by  an  inflammation  of  the  eyes*— most 
frequently  by  the  above  named  phlegmonous  inflammations  and  by 
inflammations  that  are  specially  virulent. 

Pain   is  associated  only   with   the  inflammations  of  the  anterior 
f^urtitms  of  the  eye  which  possess  sensory  nerves;  the  rhori<»id,  retina 
and  optic  nerve  an*  incapable  of  exciting  pain  (the  pain  in  acute  retro- 
bulbar neuritis  comes  not  from  the  optic  nerve  itself  but  from  its  sheaths). 
The  pain  is  in  no  definite  relation  to  the  severity  of  the  inflammation, 
but  in  respect  to  its  degree  apparently  keeps  pace  \nth  the  photophol)ia 
and  the  secretion  of  tears,  as  is  obvious  since  all  three  are  excited  by 
irritation  of  the  trigeminus. 
i"^        The  inflammations  of  the  conjunctiva  do  not  produce  any  violent 
^pain.  but  only  a  sensation  of  a  foreigri  body  or  of  moderate  burning  and 
l^rttssure.     Sharp  pain  in  the  course  of  a  coojunctiviti?^  points  to  an 
I'involvement  of  the  cornea.    The  inflammatiüiis  of  the  cornea  and  sclera 
['cause  pain  which  is  felt  chiefly  in  the  eye  itself.    On  the  other  hand,  in 
Mnflammation  of  the  uvea  and  in  increase  of  tension  the  pain  usually 
iiates  to  the  neighboring  parts,  and  chiefly  to  the  forehead,  less  often 
to  the  ears  or  the  tectli  of  the  upper  jaw.    This  sort  of  pain  is  known  as 
[cfliar>'  neuralgia,  and  in  fact  sometimes  assumes  a  neuralgic  character, 
aee  it  occurs  in  attacks,  and  between  the  attacks  there  are  intervals 
which  the  pain  is  absent,  even  though  the  condition  of  the  eye  shows 
[fecognizable  variation.     Indeed,  not  infrrquently,  just  as  in  the  rase 
lie  neuralgia,  the  attacks  of  pain  recur  every  day  at  the  same  time 
P(^pecially  in  the  evening  or  at  some  hour  of  the  night),  and  are  then 
jofton  favorably  influenced  by  quinine.    The  radiation  of  the  pain  to  the 
^righ boring  parts,  especially  to  the  forehead,  often  causes  the  patient 
t^lf  to  localize  the  starting  point  of  the  pain  incorrc*ctly,  since  he 
CS  that  he  feels  no  pain  in  the  eye  itself.    If,  then,  there  are  no  striking 
frbanges  in  the  eye,  the  eye  trouble  itself  ma.v  readily  l>e  overlooked  and 
morbid  condition  be  regarded  as  a  true  neuralgia. 
The    kind  of    pain    rnay    give    a  valuatile  clew  to  the  iliagnosis, 
jnf»ers  readily  confound  an  iritis  accomjianied  by  marked  injection, 
,  without  evident  exudation,  with  a  conjuiictival  catarrh.   If  the  patient 
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states  that  he_Jia&_J)aiii  in  the  bones  over  the  eye,  we  may  be  sure 
that  it  is  not  a^simBl£,XQ55535SES5S33E5n^ 

TTJe^auTmsevereinflamma  of  the  eye  often  has  tne  unpWM&ht 
character  of  becoming  particularly  violent  just  at  night  and  depriving 
the  patient  of  his  night's  rest.  In  irido-cyclitis  as  in  acute  plaucoma. 
nains  occur  which  are  among  the  most  severe  iüat  a  man  can  possibly 
have,  andwhich  (£aDeciailyiln^glaucQma)  can  actually  excite  symptoms 
of  imtationofthebra^^ 

AparfTfoBTTETpaBi^vIncirraai^^  from  the  eye  to  the  head,  actual 
headache  may  also  emanate  from  the  eyes  even  when  the  latter  are  not 
really  diseased,  this  being  the  case,  for  instance,  in  the  headache  occuring 
in  hypermetropes  when  the  eyes  are  strained.  If,  therefore,  the  patient 
complains  of  frequent  headaches,  the  physician  treating  him  should 
always  think  of  the  possibility  of  their  originating  from  the  eyes.  The 
ophthalmologist  sees  many  patients  who  have  been  sent  to  him  by  his 
colleagues,  merely  on  account  of  headache  and  in  order  to  determine 
whether  the  eye  has  anything  to  do  with  the  headache.  In  a  definitive 
way  this  can  be  done  only  by  means  of  a  precise  examination  of  the  eyes. 
But  the  experienced  physician  will  frequently  conclude  what  the  cause 
of  the  headaches  probably  is  from  the  description  of  the  headaches  and 
the  accompanying  circumstances  which  the  patient  gives.  One  should 
therefore,  first  of  all,  get  from  the  patient  a  precise  description  of  all  his 
symptoms,  as  where  the  pain  is  situated,  what  are  its  intensity  and 
quality  (dull,  compressing,  boring,  stabbing,  hammering,  etc.),  whether 
it  is  constant  or  occurs  in  attacks,  and  in  the  latter  case  whether  it  is 
associated  with  any  definite  causes  or  any  definite  time  of  the  day.  A 
headache  originating  in  the  eye  is  localized  in  the  anterior  portion  of  the 
skull,  that  is  in  the  vicinity  of  the  orbit,  in  the  forehead,  and  in  the 
temples,  while  pain  in  the  occupit  does  not  usually  occur  from  this 
cause.     [To  this  rule,  however,  there  are  not  a  few  exceptions. — D.] 

Headache  emanating  from  the  eye  can  easily  be  recognized  when 
we  find  the  eye  inflamed,  weeping,  Photophobie,  or  sensitive  to  pressure. 
But  often  the  objective  changes  in  the  eye  are  slight,  in  fact  they  may  be 
actually  absent  at  the  moment  of  examination.  This  is  particularly 
the  case  in  pyj^j[(Q]]2^g]jg;]j^|||tfUi^  Since  the  prodromal  attacks  usually 
occur  in  the  evening,  the  physician  often  chances  to  see  the  patient  in 
his  office  after  the  attack  has  elapsed  and  finds  nothing  abnormal  in  the 
eye.  Then  a  precise  history  must  afiford  assistance,  a  history  which  is 
particularly  characteristic  when  the  prodromal  stage  has  lasted  a  long 
time.    The  heada^bfiSiJiMyiiiiiiB^aiXSt-Came  on  less  frequently  at  first; 

afterwardjjyui^iUjJLjyMM^fiÜäM^ 

from  them,  in  winter  suffers  much  more  often.    The  pain  usually_comeson 

in  th^aÜäaUÄUÖtÄiiöiftß»  and  ceasesvnüjj^gjg^     TETpatienns^ever 

iwake^jjyUfiMMlfiiip.    The  headacnei^fter^roducedbj^xcitemenl, 

f  the  visit  of  company,  or  by  going  to  the  theatre,  etc.,  and  the  patient  is 

I  hence  regarded  as  nervous.    In  addition  there  is  the  associated  distur- 


»'p^CtiitUtV 
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of  vision,  con8ifttii\K  of  some  cli 


nf  rn!nrt*<i  rjiitfs  about  a  liEht.     But   ih^se  dist 


cr  of  tho  Sjgllt   MTirT   flip   HT 


atiii  if 


^^^^^^^  urhaiux's  are  otten 

IrmTTrnrn^ne  eye  they  are  readily  overlooked  by 
pat  lent.     The  cxumination  of  the  eye  then  usually  shows  Jiyper- 
^tropin,  a  strikingly  shallow  anterior  ehambert  and  perhaps  arterial 
^ulsiation  (in  the  retina)  when  even  very  slight  pressure  is  made  by  the 
Äger  upon  the  eye.     But  as  long  as  no  glaucomatous  excavation  is 
mi  a  certain  diagnosis  can  be  made  only  by  having  the  patient  visit 
just  when  he  is  having  an  attack  of  headache.    We  shall  then  find  in 
^e  eye  the  characteristic,  even  if  slight,  changes  of  a  prodromal  attack 
lucoma,  and  upon  dropping  in  pilocarpine  the  symptoms  pass  off 
>ut  a  quarter  of  an  hour. 

Hi»^^daehes  in  which  there  is  nothing  to  be  seen  in  the  eye  externally 
'  m  errt^rs  of  refrng^ion  (hypermetropia  and  astigmatism)  [in 
>  uf'aeromnjudatic3n.^D.|,  and  in  disturbances  of  muscular 
equihbrmm,  especially  latent  divergence  (or  exophoria),  [Headache  may 
iso  l>e  causeti  by  esophoria  and  hyperphoria,  partieularly  the  latter. ^ — D.] 


I  hi 


ire  distiniruishe^l  by  th(^  fact  that  thev  occur  only  after 


and  hence  are  never  present  unnn  waking 
reason  tney  do  not  exist  in  small  ehildre n , 


the  niurnmg.     For  tJie  same  reason 

It  occur  first  at  an  age  when  greater  demands  are  made  upon  the  eye. 
To  these  statements  some  exceptions  must  be  made.  The  pain  due  to 
Buscular  trouble  and  sometimes  also  to  refractive  errors  may  be  present 
the  patient  first  wakes  from  sleep,  particularly  if  the  eyes  have 
'•n  subjected  to  strain  the  night  before.  Again,  small  children  may 
tilfer  from  headache  due  to  eye  strain. — D.]  By  hypermetropes  the 
{»mplnint  is  also  made  that  the  print  swims  after  prolonged  reading, 
patient«  with  muscular  disorders  the  complaint  that  occasionally 
aes  become  douljle  and  run  into  each  other;  and  these  latter  patients 
nut  infrequently  allege  that  they  experience  a  sensation  of  slight 
nausea  when  they  strain  their  eyes. 

Neurasthenics,  too,  when  they  strain  their  eyes  have  pain  which 
bey  locate  sometimes  in  the  lids,  sometimes  in  the  eyes  tiiemselves,  or 
ind  the  I'yes,  or  in  the  head.    The  discomfort  often  sets  in,  within  a 
minutes,  sometimes  after  reading  a  few  Jioes,  while  in  disorders  of 
rfrftetion  or  of  the  muscles,  it  doe»  not  set  in  until  after  rather  prolonged 
tion  of  the  eyes. 

'Headaches  of  another  kind  which  by  the  patient  are  often  referred 
the  eyes  are  hemicram'a,  the  headaches  occurring  in  disease  of  the 
rrmtJil  sinus,  and  supra-i:)rl)ital  neural^jia. 

In  hemicrania  fnügraine]  the naJn  as  a  rule  is  unilati\rML-JtJi_viole_nt, 
it  n  d  <itn  ^U^noyc^ui^Tx^n^h^orHmid  aTi  d  ali  o  ye^  i  t ,  \ni  t 

The 
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during  tiie  attack  the  i:»at!ent 


ilsointiieeveitspu 
iicejii^psimLJ^dnlilM^i^  :  d\ 

best  if  he  can  lie  quietlyn^^TTaPffened  ruom;  glaring  light  pains 
;  there  is  a  sort  of  photopliobia.     All  of  these  circumstances  may 
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cause  the  patient  to  believe  that  his  eye  is  affected.  In  distinction  from 
the  headaches  that  really  emanate  from  the  eye,  the  migrajine  attack 
shows  a  quite  typical  course.  Beginmng  with  or  without  a  scintillating 
scotoma,  it  rises  pretty  rapidly  to  a  considerable  pitch  and  usually  lasts 
for  from  half  a  day  to  a  whole  day;  then  nausea  ensues,  and  frequently 
vomiting,  whereupon  the  patient  feels  better  and  the  attack  comes  to 
an  end.  [Not  all  attacks  of  migraine  have  this  topical  course. — D.J 
Typical,  also,  is  the  way  in  which  the  attacks  recur  at  certain  intervals. 
They  occur  usually  not  oftener  than  once  or  twicfi-A-monih  (in  wonjen, 
who  suffer  trom  migraine  more  Than|^en  do.  commonly  in  conjunction 
witl^jaenstjjjgtion),  and  withTacreasingage  grow  less  frequent  and 
milder.  In  a  person  who  suffers  from  migraine,  a  true  migrainous  attack 
can  be  set  up  by  straining  of  the  eyes,  just  as  it  can  by  many  other 
injurious  influences. 

In  emnyenriA  of  ^hf^  frontal  sinus,  there  are  also  frontal  headaches, 
but  they  are  always  on  the  same  side,  which  is  commonly  not  thp  pn^  in 

fTiip^5^^nP-^     Whpn  Hrninacrp  infn   fhp   nagnl  pqvifv  I'g  frop    fhp  pnin   i«~nnf. 

particularly  violent,  but  is  more  like  a  dull  j)ressure.  On  the  other  hand, 
upon  closure  of  the  excretory  duct  and  accumulation  of  the  secretion, 
very  violent,  boring  or  hammering  pains  set  in.  The  pain  often  comes 
in  attacks,  or  sometimes  shows  a  periodical  increase,  especially  in  the 
morning,  when  the  secretion  has  accumulated  during  the  night.  Some- 
times the  pain  increases  when  the  head  is  bent  forward.  Lociü  symptoms 
are  tenderness  of  the  upper  margin  of  the  orbit  to  pressure  or  percussion, 
tenderness  to  pressure  of  the  supra-orbital  nerve,  and  in  acute  cases  a 
slight  oedema  of  the  skin  over  the  frontal  sinus.  In  addition  there  is  a 
history  of  frequent  colds  in  the  head  or  blocking  of  the  nasal  cavity  on 
the  side  of  the  pain.  A  certain  diagnosis,  however,  can  be  made  only 
on  the  basis  of  a  rhinological  examination. 

Lastly  supra-orbital  neuralgia  has  in  common  with  the  two  other 
kinds  of  headache  their  localization  in  the  forehead ;  and  the  tenderness 
of  the  supra-orbital  nerve  to  touch  occurs  in  the  disorders  above  men- 
tioned, too.  Its  character  of  recurring  in  attacks  neuralgia  shares  with 
migraine,  and  the  unilateral  character  of  pain  it  shares  with  disease  of 
the  frontal  sinus.  During  the  attack  the  eye  of  the  affected  side  often 
is  less  wide  open  and  weeps,  and  is  even  slightly  injected,  so  that  the 
suspicion  of  there  being  some  eye  trouble  might  be  excited.  It  is  to  be 
stated  as  a  characteristic  sign  of  supra-orbital  neuralgia  that  the  pain 
is  particularly  violent  and  that  the  tenderness  of  the  nerve,  when  tested 
during  the  attack,  is  so  great  that  the  patient  draws  his  head  back  at 
once  when  this  is  done.  The  attacks  set  in  suddenly  after  as  interval 
of  entire  freedom  from  pain  and  sometimes  are  of  but  short  duration,  but 
recur,  either  every  day  at  certain  hours  or  in  irregular  fashion  several 
times  a  day. 

Headaches  of  a  persistent  character,  but  with  temporary  exacer- 
bations, accompany  ursemia     Nephritics,  therefore,  suffer  much  from 
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laches,  which  are  deep-seatod  and  are  boring  in  character.  Some- 
there  are  vertigo  and  vomiting.  In  chronic  nephritis  frequent 
headaches  are  often  the  only  thing  of  which  the  patient  complains.  In 
inrrejise  of  !)rain-pre?8ure  (chronic  hyclrocephahjs,  meningitis  sero^a^ 
brain  tumor)  the  pain  often  has  a  similar  character,  but  is  still  mure 
often  accompanied  by  vertigo  and  vomiting;  often  aLso  there  is  tenderness 
of  the  tjikull  to  percussion  at  the  point  where  the  severest  pain  is  situated. 
Hence  in  patients  who  complain  of  frecjuent  headaches,  the  cxa 


iieverheiu 


woui?rT»e  a  mistaKe  to  heUeve  that  an  ophthalmoscopic  exannnatioTT  i,s^ 
ffU|H-rHucius  it  the  patient  sees  well> 

in  sypniiincs  deep  borin^r  headaches  occur  which  undergo  exacer- 
jdiiofi  chiefly  at  night.  In  gout  and  in  rheumatism  (rheumatic  nodes 
the  branches  of  the  trigeminus)  there  is  present  a  quickly  varying 
boring  or  tearing  pain  in  the  t^rliit  or  aljout  it  or  in  the  forehead 
iLerio*iclerosis,  general  aniFraia  and  it^s  opposite,  plethora,  give  rise  to 
che.  Young  persons  are  often  lirought  to  the  ophthalmologist 
wmnt  of  headaches  which  are  thought  to  be  connected  with  eye- 
un  caused  b^-  study.  But  in  many  of  these  cases  no  cause  is  to  he 
burul  for  the  headache,  which  is  then  given  the  name  of  habitual  head- 
ciu' and  usually  diminishes  or  disappears  as  the  patient  grows  up.  [It 
t  to  be  not^d  that  very  slight  errors  of  refraction  or  some  obscure  or 
ppÄHMitly  trivial  muscular  error  may  cause  persistent  headache.  If 
causes  are  overlooked»  as  sometimes  happens,  an  erroneous  diag- 
as  of  habitual  headache  may  be  made. — H.) 

Vertigo  is  a  second,  very  widesj>read  symptom,  on  account  of  which 

'patients  often  visit  the  ophthalmologist  with  the  idea  that  the  vertigo 

from  the  eyes.     It  is  advisal>le,  therefore,  to  enuraerate,  just  as 

done  with  regard  to  headache»  the  different  kinds  and  causes  of 

tigo,  and  to  show  how  we  can  tell  whether  the  vertigo  is  to  be  attri- 

Uted  to  the  eyes* 

Vertigo»  like  headache,  is  a  subjective  symptom  not  to  be  recognized 
om  any  objective  changes,  so  that  the  physician  is  dependent  on  the 
ateiuents  of  the  patient.  These  statements  are  much  less  precise  than 
I  the  case  of  headache ^  partly  because  most  men  are  not  able  to  ileseril»e 
heir  sv^nptoms  intelligibly  anyhow,  and  partly  because  thay  are  really 
Wling  with  sensations  which  are  very  difficult  to  define.  We  must, 
1i<Tefi>re,  find  out  from  the  patient  exactly  what  sensations  he  has 
durins:  the  attack  of  vertigo,  l>y  what  conditions  it  is  usually  occasioned, 
D*l  bow  long  it  lasts.  By  an  cxaminati^m  of  this  sort  it  becomes  apparent 
kat  disturbances  of  the  most  varied  kind  are  called  vertigo,  there  being 
Deluded  along  with  true  vertigo  various  sensations  of  distress  anil  dis- 
of  vision.  The  disagreeable  sensations  caused  by  sudden  noises 
heights  (in  looking  down  from  a  height)  are  quite  generally  called 


48  TEXT-BOOK  OF  OPHTHALMOLOGY. 

dizziness,  but  have  nothing  to  do  with  real  vertigo.  Of  visual  disorders 
it  is  mainly  the  transient  sort  that  are  erroneously  called  vertigo  by  the 
patients,  who  complain  that  they  are  "dizzy  in  their  eyes''  when  owing 
to  hypermetropia  the  print  swims  after  they  have  read  a  long  time  or 
when,  owing  to  weakness  of  convergence,  diplopia  occurs,  and  the  lines 
run  into  each  other.  Muscae  volitantes^  a  prodromal  attack  c^f  plaucoma. 
gmniillQfiy^jr  fif»ntjp]pft  the  momentary  Qbs^"''<*^i^T|s  nfifiiirin|]r  jn  choked 
disk,  are  »^^  nffpn  dt^r^ntf^d  jjf  vertigo. 

ise  of  the 


Vertigo  in  the  narrower  sense  of  the  word  either  takes  its  origin  from 
some  visual  derangement,  or  it  develops  independently  of  the  latter, 
although  even  then  not  infrequently  it  is  accompanied  by  visual  derange- 
ment. The  sensations  which  the  patient  has  in  the  dififerent  forms  of  ver- 
tigo may  on  precise  analysis  be  differentiated  into  the  following  varieties: 

1.  Uncertainty  in  movement,  as  in  grasping  at  objects  and  still 
more  in  walking,  going  up  stairs,  etc.  This  derangement  arises  from 
/afegjflfiflüfiito^»  ^l^e  object  that  is  grasped  at  or  the  spot  on  which  it 
is  desired  to  plant  the  foot  being  seen  in  the  wrong  place.  To  a  very 
«licrlit  pvfpn^^  pvpry^T^f*  has  this  seusation  who  forjthe  first  time  ip  his 
life  wearsjglasaes,  when  he  walks  al)out.    He  sees  the  floor  in  front  of  hi"^ 

TQ-igPfj    qy     nn    |,|^^    fioy^^r^ry,    depressed,    and   is   afraJH    n^   fftllincr.       This 

phenomenon  very  soon  passes  off  as  the  patient  becomes  habituated  to 
his  glasses,  and  only  in  the  case  of  strong  glasses,  such  as,  for  example, 
patients  wear  who  have  been  operated  on  for  cataract,  does  it  happen 
that  some  cannot  get  accustomed  to  them.  For  the  glass,  when  the 
ni^fipntjlnp«  pnt  Innlr  f^jcfu^h  itp  f^Pnt.Pr.  acts  like  a  pHsm^  anQ  tue  more 
so  *^^  jitirnnflff  I  lit  liai  ,f  ^^    owing  to  prismatic  deflection,  ine  object 

greatest  when  the  patient  looks  quite  obliquely  through  the  glass,  e.g., 
in  looking  down  when  he  goes  down  stairs.  We  should,  therefore,  see 
to  it  that  the  glasses  are  well  centered  (see  §137)  and  should  advise 
patients  who  have  had  a  cataract  operation  not  to  look  obliquely  through 
their  glasses,  but  rather  to  turn  the  head  in  the  direction  in  which  they 
wish  to  look. 

To  a  much  greater  degree  this  same  trouble  is  produced  bv  false 
localization  in  paralyses  or  the  eye  muscles,  so  that  even  slight  degrees 
of  tne  latter  may  be  very  troublesome.  An  insignificant  paresis  of  the 
trochlearis,  which  becomes  manifest  only  in  looking  far  down,  may 
actually  make  the  act  of  going  down  stairs  dangerous,  unless  the  patient 
himself  remembers  to  close  the  paralyzed  eye,  whereupon  the  vertigo 
at  once  disappears.  [So  too  a  very  marked  and  persistent  asthenopia 
is  caused  sometimes  by  the  very  slightest  amount  of  paresis  in  the 
inferior  rectus,  a  paresis  which  ordinary  tests  fail  to  reveal. — D.] 

In  paralyses  of  the  eye  muscles  there  is  an  additional  factor  which 
is  calculated  to  excite  vertigo,  namely, 

2.  The  false  movement  of  objects  produced  by  false  localization 
(see  §124).     The  vertigo  thus  generated  is  often  extremely  great,  but 
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-ppi*Ärsi  at  once  on  closure  of  the  paralyzed  eye.  It  is  especialLvJji^ 
ipberal  nJtrfllv^H.q  that  ni-orhire  markeil  vertigo.  ^YJiJlf*  '"  ^^^*r^'^^^"^^^^  ^^r_ 
'     '       ^'      ^'  ^'       '       ''"  '"    Inconsiderable,  and  even  the. 


the  vertigo^  i^j2JJAlll-iiiilll 
T>^reanir^Tlip  et)n.s('iim~i^|^ 
)bjecti' 


talse  movement  til  ()t)ject8  always  occurs  when  the  images  on  the 
tina  are  displaced  without  the  patient's  being  conscious  of  a  movement 
his  eyes  corresponding  to  the  movement  of  the  images.  In  paralyses 
the  eye  muscles  this  happens  because,  withoyt  the  patient  s  knowing 
it,  voluntary  movements  of  the  e^-e  are  absent ;  l>ut  in  other  cases  because, 
conversely,  movements  of  the  eye  occur  which  do  not  reach  the  patient's 
consciousness*  These  latter  involuntary  and  unconscious  movements 
fagmus  and  in  vertigo  produced  Iry  turning  round.  In  the 
;  jjf  nystagrnus  originating  in  childhood,  no  false  movement 
occurs,  because  nH^TauwH^mTnTuago  to  his  a}^>nnrmal  eve  movements 
ami  has  learned  lo  take  incm  into  account  in  judging  of  the  displacement 
of  the  Images  oüTTiTs^retina,     In  nystagmus  that  develops  later — miners* 


f^  nystagnuis  original  in  j^TTTHf^Mff^friU  iiysTagmu^^n  dis 
srI(To^i>^ — lulse  nRm?nen^jR>fut7TTin^ 


s 


TTgö 

the 


do  occur^  In  conscious  movements  ol  tht^  eyes  also  devek^p  m  the 
Itcmpt  to  follow  objects  that  are  continually  passing  by,  as,  for  instance, 
ben  one  looks  from  a  bridge  at  the  water  flowing  beneath»  When  in 
bat  ease  the  gaze  falls  upon  objects  which  do  not  alter  their  position 
ith  regard  to  the  eye  (the  flooring  of  the  bridge,  the  bank),  these  appear 
I  be  moving  in  the  opposite  direction.  The  same  thing  occurs  when  the 
bjects  are  still,  but  the  man  is  moving  e.g.,  when  he  is  looking  from  a 
f)\ing  railway  train  or  if  he  whirls  round  (vertigo  in  dancing).  In 
be  latter  case  there  is  a  further  factor  which  aflds  to  the  false  move- 
Hent  and  which  is  the  irntajyyijj^^ij^jy^^^j^^yj^^ 
rcular  canal|.  Tins  leads  to  another  variety  of  vertigo.  This  variety 
i  charact^^pzyd  Ijv  ^ 

3.  <Di£__a£j||ation  of  disturbed  eouilibniinK  of  falling  or  of  being 
irned  in  a  cerTaindireeriön.  so  that  by  a  movement  of  the  body,  w^hich 
t>mpensatcs  for  this  imaginary  disturl)anee,  a  fall  in  the  opposite  direction 
Bay  easily  result.  To  the  highest  degree  such  vertigo  is  present  in 
l^ni^re^s  ilisease;  to  a  less  extent  it  is  produced  in  patients  with  ear 
Duble  by  syringing  the  ear,  the  use  of  the  air  dour  he,  etc.  These  cases 
fe  characterized  by  the  fact  that  with  them  are  associated  disortlers  of 
^aring  that  correspond  to  the  affection  of  the  inner  ear.  But  even  in 
eaJthy  ears  the  vestibular  apparatus  can  be  irritated  and  thus  a  vertigo 
pHwhieed  by  w^hiding  round,  l)y  swinging,  by  syringing  the  ear,  or  by 
ilvanization.  This  irritation  is  commonly  associated  with  nystagmic 
aovements  of  the  eyes  which  in  themselves  are  calculated  to  set  up  ver- 
^go.  But  the  main  cause  of  the  latter  lies  in  the  irritation  of  the  ves- 
^hular  nerve,  since  the  vertigo  is  evoked  even  when  the  eyes  are  closed. 
4*  Vertigo  forms  with  headache  and  vomiting  the  triad  which 
DD99  with  the  symptoms  that  regularly  accompany  intracranial  in- 

4 


50  TEXT-BOOK  OF  OPHTHALMOLOGY. 

crease  of  tension.  In  addition,  but  not  of  quite  such  regular  occurrence, 
is  a  fourth  symptom,  choked  disk.  Vertigo  can  be  made  available  as  a 
focal  symptom  only  when  it  develops  in  a  particularly  intense  way  and 
is  combined  with  ataxic  symptoms,  as  is  the  case  in  involvement  of 
certain  portions  of  the  brain,  especially  the  cerebellum  and  the  vermis. 

5.  A  sensation  in  the  head  that  cannot  be  precisely  described,  fre- 
quently combined  with  a  transient  feeling  that  everything  is  becoming 
black  before  the  eyes,  is  among  the  consequences  of  sudden  changes  of 
circulation  in  the  brain,  occurring  thus  in  ansemic  persons  when  they 
sit  up  suddenly,  and  occurring  as  a  precursor  of  syncope  and  in  arterio- 
sclerosis of  the  arteries  in  the  brain.  It  is  known  that  disorders  of  the 
stomach  are  sometimes  associated  with  vertigo,  which  can  sometimes  be 
excited  voluntarily  by  pressure  on  the  epigastrium.  The  way  in  which 
vertigo  is  excited  by  the  stomach  has  not  yet  been  made  clear.  Caution, 
moreover,  must  rule  in  making  the  diagnosis  of  stomach  vertigo,  since 
any  vertigo,  if  intense,  may  lead  to  vomiting,  which  should  not  then 
without  further  consideration  be  regarded  as  a  disease  of  the  stomach. 

[Other  symptoms  of  which  an  eye  patient  often  complains  are 
asthenopia,  diplopia,  change  in  the  size  and  shape  of  objects  (metamor- 
phopsia,  micropsia,  macropsia) ,  photophobia,  muse®  volitantes,  chroma- 
topsia,  reflex  disturbances  (especially  pain  in  the  remote  parts  of  the 
body,  nausea),  and  head  tilting.  Asthenopia^  is  a  sense  of  strain  and 
weariness  in  the  eyes  and  head,  set  up  by  use  of  the  eyes.  The  patient 
with  asthenopia  says  that  the  eyes  "  give  out."  It  may  occur  alone  (asthen- 
opia simplex),  or  be  associated  with  pain  in  the  eyes  (asthenopia  dolens), 
headache  (asthenopia  cephalalgica),  or  irritation,  redness,  and  burning  of 
the  eyes  or  lids  (asthenopia  irritans).  It  may  be  accommodative,  i.e., 
caused^ l^y  jefi:3fijtive  errors  especially  hyperppia  (see  §147)  and  astigma- 
tism; muscular,  i.e.,  caused  by  anomalies  of  the  exterior  muscles  (see 
§  126);  nervous,  i.  e.,  caused  by  hysteria  or  neurasthenia  (page  609);  and 
retinal,  i.  e.,  caused  by  retinal  fatigue  (see  page  45).  Ij^  diplopia^  mon- 
ocular and  binocular,  see  pages  685,  688.  For  polyopia,  see  §88.  For 
metamorphopsiay  micropsia y  and  macropsia,  see  page  114.  Photopsice  (flashes 
of  light  appearing  before  the  eyes)  are  due  to  irritation  of  the  retina  from 
pressure,  traction,  etc.  They  form  one  of  the  signs  of  a  beginning  de- 
tachment. In  chromaiopsia-  objects  appear  unduly  colored;  looking,  for 
example,  too  red  {erythropsia,  see  page  23),  too  blue  (cyanopsic^)  or  too 
yellow  (xanthopsia*).  For  mtiJcae  volitantes  see  §  94.  Refled  disturbances 
(remote  pains,  nausea,  tics  of  various  kinds)  occur  in  refractive  and  mus- 
cular anomalies.  Head-tilting  (sometimes  amounting  to  actiial  torticollis) 
occurs  in  astigmatism  (then  usually  of  slight  extent)  and  injnotor  anom- 
alies, particularly  pareses  of  t  le  eye  muscles.     (See  page  707|.) — D.] 

>  From  äff6  I'i/r,  weak,  and  w^,  sight 
'  From  XP*'  f^"f  color,  and  wV,  sight. 
' From  Kia  >of ,  bhie,  and  ü)\f>,  sight, 
*  From  ^ai>  for^  yellow,  and  wV,  sight. 


i;aif  hr^  yellow,  and  wV,  sight.  kjitf^ 
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The  general  hygicnrc  regithUions  consist  in  the  prescription  of  a 
liltht  diet  and  in  the  case  of  inflammatory  eye  affections  also  in  the 
LfithdrHwal  of  alrohnL  But  from  very  old  peH>plp  who  have  been  accus- 
[>med  to  take  a  little  alcohol  regularly,  the  latter  should  not  be  with- 
Awinit  WhI  as  little  ou^ht  we  without  furthtT  (»onsirl erat  ion  to  take 
deolNyT  away  from  actual  drunkants.  Such  a  rule  applietl  after  an  oper- 
ition,  for  example  an  operation  for  cataract,  would  Ik*  directly  cal- 
culat^HJ  to  provoke  an  attack  of  delirium  tremenj?.  A  good  night's  rest  is 
imiMirtant;  if  this  is  disturbed  l>y  severe  pain,  which  very  often  sets  in 
iuj<t  ftt  night,  an  anodyne  must  he  administered  in  the  evening.  Of 
the  ordinary  remedies  acetylico-salicylie  acid  (aspirin)  has  a  particularly 
CihmJ  effect  in  the  pain  caused  by  inflammation  of  the  eye.  With  very 
violent  pain,  however,  a  morphine  injection  is  the  only  thing  that  helps. 
X^  far  as  possible  we  shoukl  permit  tlie  patient  to  go  out  every  day  into 
the  fresh  air,  but  if  he  is  very  Photophobie  not  till  after  sundown.  He 
«should  stay  in  an  atmosphere  free  from  dust  and  smoke  (avoiding  restau- 
rants filled  witli  snmke,  etc/).  With  any  serious  deep  affection  of  the  f^ye, 
ai^steotion  frtun  work  is  recinired,  including  both  heavy  physical  work 
and  also  any  work  that  would  strain  the  eyes.  The  i>atients  often  think 
that  if  they  bandage  the  affected  eye  they  can  with  impunity  read  with  the 
N^und  eye.  But  it  is  not  possii)le  to  exert  one  eye  alone.  Accommoda- 
tin«,  and  convergi^nce,  and  the  contraction  of  the  pupils  that  is  assoriated 
Ätlh  them  always  take  place  in  both  eyes  at  the  same  time  and  to  an 
equal  extent,  and  in  experiments  upon  animals  the  illumination  of  one 
h'tina  suffices  to  cause  contraction  of  the  cones  and  advancement  of  the 
pigment  in  the  non-illuminated  eye  as  well  If,  therefore,  a  diseased  eye 
i'  to  l>e  protected  from  the  light,  it  is  not  sufficient  to  bandage  it  aliine; 
^  'III  tyt's  must  rtH'rivi^  protection  (roni  the  light!  Absolute  exclusion 
üf  ugnt  \}\  ImndagJng  both  (*yes  or  staying  in  a  very  dark  roon»  is  scarcely 
ever  required.  We  have  abandoned  treatment  in  the  dark,  which 
formerly  wa.s  cjften  em  pi  oyer!  and  which  ilepressed  the  patients  physi- 
cally and  mentally.  The  like  is  true  of  the  l>ilateral  l)andage  which 
formerly  was  applied  for  a  series  of  days  especially  after  cataract  oper- 
ationsi.  A  not  infrequent  consequence  of  complete  exclusion  of  light 
in  old  persons  who  are  predisposed  to  dementia  is  mental  drrangement. 
tn  a  person  who  has  been  op(4ated  an  for  cataract  I  l>andage  both  eyes 
«imply  on  the  day  of  the  operation,  and  from  the  first  day  on  let  the 
patient  &tay — ^and  without  harm  to  him,  either — in  quite  a  light  room. 
When,  then,  protection  from  light  is  indicated»  this  should  be  appFu^d  to 
liuth  eyes,  but  for  this  purpose  protective  spectacles  suffice  made  of  snioke- 

51 


62  TEXT-BOOK  OF  OPHTHALMOLOGY. 

colored  glasS;  the  lightness  of  tint  in  which  can  be  selected  to  suit  the 
requirements.    For  special  purposes  yellow  glasses  are  given  (see  page  25) . 

For  purposes  of  prophylaxis  against  eye  injuries  protective  glasses 
are  used.  These  should  protect  the  eye  not  only  in  front  but  also  at  the 
side.  On  the  other  hand,  they  should  not  exclude  the  air  from  the  eye 
altogether,  because  by  so  doing  an  unpleasant  feeling  of  heat  is  engen- 
dered, and  the  glasses  themselves  become  covered  on  their  inner  surface 
with  moisture.  Hence  the  lateral  protection  must  be  effected  by  means 
of  a  fine  wire  mesh,  which  permits  the  circulation  of  air.  The  trans- 
parent part  lying  right  in  front  of  the  eye  is  made  of  glass  or,  on  account 
of  their  being  less  fragile,  of  celluloid,  mica,  or  wire  tissue.  But  glass  is 
the  only  material  transparent  enough  to  afford  really  good  sight.  These 
spectacles  are  hot,  and  readily  become  covered  with  sweat,  moisture, 
dust,  or  smoke,  and  unfortunately,  therefore,  are  worn  by  the  workmen 
with  much  reluctance. 

A  dressing  for  the  eye  may  be  either  a  protective  or  a  pressure 
dressing.  The  object  of  the  protective  dressing  is  simply  to  keep  the  lids 
closed  and  still.  By  this  means  erosions,  ulcers,  or  wounds  on  the  sur- 
face of  the  eye  are  kept  from  being  scoured  by  the  movement  of  the 
lids,  a  process  by  which  pain  is  set  up  and  the  regeneration  of  the  epi- 
thelium and  the  precise  apposition  of  the  lips  of  the  wound  are  interfered 
with.  Hence  in  major  operations  we  usually  bandage  both  eyes  on  the 
first  day  in  order  to  put  the  lids  in  a  state  of  complete  rest.  When  there 
is  much  secretion  from  the  eye,  a  dressing  is  not  indicated.  The  pro- 
tective dressing  should  be  as  light  as  possible.  First,  a  bit  of  gauze  is 
laid  on  the  closed  lids,  then  the  hollow  over  the  eye  is  packed  flush  with 
cotton,  and  the  cotton  held  in  place  by  strips  of  plaster  or  a  bandage.  In 
children,  from  whose  heads  an  ordinary  bandage  always  keeps  slipomg 
hPfifl.iiRf>  of  thpif  continual  restlessness«  an  immovable  dressing  made  of  a 
starch  bandap;e  is  indicated.  If  the  lids  stick  together  beneath  the  dres- 
sing  we  smear  the  layer  of  gauze  which  lies  upon  the  eye,  with  anointment 
containing  boric  acid  or  ichthyol.  If  it  is  a  question  of  protecting  the  eye 
against  a  blow  from  the  hand,  which  might  force  open  a  recently  united 
wound  (such  a  thing  may  readily  occur  in  children  at  any  time,  and  in 
adults  during  sleep),  a  protective  wire  cage  or  an  aluminum  shell  (Snellen) 
is  fastened  over  the  eye.  [See  also  Ring's  mask.  Fig.  396. — D.]  A  moist 
dressing  in  which  the  cotton  is  soaked  in  boric-acid  solution  and  the  like, 
a  piece  of  waterproof  material  being  then  placed  over  it,  readily  produces 
eczema  of  the  skin  of  the  lids. 

The  pressure  dressing  is  made  by  applying  more  cotton  to  the  eye 
and  drawing  the  bandage  tighter.  When  such  a  bandage  is  taken  off 
after  being  on  some  time,  the  eye  is  somewhat  softer  than  usual;  in 
fact  sometimes  the  cornea  is  thrown  into  fine  wrinkles,  and  the  eye 
weeps  and  shows  some  ciliary  injection.  The  pressure  acting  on  the 
eye  from  without  has  increased  the  intra-ocular  pressure  by  its  own 
amount,  so  that  now  the  aqueous  flows  out  under  a  higher  filtration 


GENERAL  THERAPEUTICS  OF  THE   EYE. 


53 


,  and  the  eye  thus  becomes  softer.  The  application  of  the 
dressing  is  made  with  the  expeetation  that  pathological  Hquitb, 
the  sub-retinal  liquid  in  detachment  of  the  retina ^  will,  like  the 
[iieouSt  more  readily  leave  the  eye.  But  very  frequently  the  pressure 
ng  is  badly  borne;  the  eye  becomes  suddenly  very  soft,  the  anterior 
ebiLmber  unusually  deep,  and  the  ciliary  injection  may  actually  increase 
into  an  iritis.  We  must,  therefore,  proceed  very  circumspectly  in  apply* 
ing  a  pressure  dreeing.    The  sensitiveness  of  many  eyes  with  detachment 

ilrf  the  retina  towards  a  pressure  dressinj^,  arises  from  the  fact  that  in 
buch  eyes  the  vitreous  is  not  healthy  and  under  the  pressure  dressing  its 
folume  rapidly  decreases.     Eyes  which  are  sound  in  their  deeper  parts 
»sually  bear  the  pressure  bandage  weU,      We  can,  therefore,  bring  it 
Into  application  without  danger  and  even  with  the  additional  heliTpf 
an  eiagtic  bandage,  if  we  are  dealing  with  ectasia^  of_iiie_j?xt:ernat  c^mts 
I      of  the  eye.     An  ectasia  which  has  already  developed  probai>ly  cannot 
be  relieved  by  this  means,  but  probably  also  the  formation  of  such  an 
ectasia  can  be  prevented.     If  the  yielding  spot  (the  thinned  floor  of  an 
ulcer  in  the  cornea,  a  prolapsing  ins,  a  soiteninp;  of  the  cornea  due  to 
nus  or  severe  parenc  hy  m  a  to  us  keratitis,  a  softened  portion  of  the 
is  no  longer  able  to  resist  the  normal  intra-oeular  prejgsure,  it  is 
ble  l>y  diminishing  this  pressure  with  a  pressure  bandage  for  a  pro- 
ion  at  this  spot  t^  be  averted  until  the  place  has  become  sufficiently 
-     With  this  object,  I  apply  an  elastic  bandage  once  or  twice  a  dav 
as  long  a  time  as  the  patient  can  bear  it  without  pain,  which  is 
uaJly  for  some  hours. 

In  all  cases  where  there  is  either  the  thinned  floor  of  an  ulcere  a 

tly  united  wound,  or  a  stjil  open  perforation^f  the  eyeball,  sudden 

se  ot  pressure  may  lead  to  Ijursiing  open  ol  the  weak  spot  and  to 

of  the  contents  of  the  eye.    Therefore,  everything  must  l>e  avoided 

may  produce  a  sudden  increase  of  pressure,  such  a^s  squeezing  the 

bodily  labor  like  lifting  a  heavy  weight»  even  stoomng,  strainmg 

>ol,  chewing,  and  sneezing.    Sneezing  can  be  avoided  if  pressiu'e  is 

at  the  right  moment  with  the  finger  oti  the  hard  palate  in  the 

on  of  the  foramen  incisium.     When  perforation  threatens,  j-est  jn 

18  indicated. 

Apart  from  this  so-called  hygienic  treatment  of  the  eye,  disease  of 
the  eye  requires  special  treatment  adaptcft  to  it,  which  may  l>e  l>oth 
fjnnptomatic  and  causah  For  ^^ymptomatic  treat mc fit  both  physical  and 
medieinal  remedies  are  at  our  disposal. 

The  physii^l  methods  of  treatment  are: 

1.     The  action  of  temperature,  usually  under  the  form  of  cold  or 

bot  compreeses»      Because    of  the  thiimess  of  the  lids,  the  eiTeet  of  these 

compreasea  extends  not  only  to  the  conjiinctival  sac  but  also  to  the  eye- 

X\  itself,  in  fact  even  to  the  tissues  of  the  orbit.    The  effect  of  iced  com- 

ffi  more  thorough  than  that  of  warm  compresses.    The  former  can 

the  temperature  by  about  4',  the  latter  can  raise  it  l'^  or  more» 
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The  effect  of  cold^^comgrggges  is  to  contract  the  blood-vessels  and  thus 
combat  the  hyperaemia.  They  are  chiefly  used  in  recent  injuries,  after 
the  action  of  corrosive  agents  and  of  severe  cauterization  of  the  con- 
junctiva, or  alter  tne  expression  of  trachoma  granulations,  and  finally 
in  gonorrhceal  conjunctivitis  during  the  first  stage,  rney  diminish  the 
feeling  ot  neat  ana  tne  pam.  l^'urtfiermore,  since  cold  retards  physical 
and  chemical  processes,  thev  are  5^pplipH  fn  Hin[^ini8h  the  swelling  oLthe 
lens  when  it  threatens  to  develop  too  violently,  after  wounding  of  the 
Ipns  fiftT|pjiiift,     Much  morp    in    iisp   are   hot  cnmnrpsspR.     hlpRt  dilRfPR  thft 


blood-vessels,  increases  the  hypersemia,  and  accelerates  metabolism,  so 
that  the  natural  protective  substances  of  the  blood  are  brought  right 
to  the  spot.  Phagocytosis  by  the  leucocytes  that  have  migrated  from  the 
blood-vessels  is  increased.  Heat,  therefore,  reinforces  the  curative 
efforts  made  by  nature  in  combating  the  lesion.  Hence  hot  compresses 
find  extensive  application  in  inflammations  of  all  sorts  in  the  anterior 
portions  of  the  eye,  and  often  also  act  to  reduce  pain.  But  apart  from 
theoretical  considerations,  it  must  be  determined  by  observation  how 
in  individual  cases  the  application  of  cold  or  heat  is  borne. 

The  compresses  should  be  applied  thus:  The  patient  lies  on  his 
back,  and  the  compress  is  kept  on  the  closed  lids  by  its  own  weight,  and 
must  not  be  pressed  hard  or  tied  tight  upon  the  eyes.  In  order,  also, 
that  it  may  not  press  on  the  eye,  it  should  not  be  too  heavy.  The  best 
way  of  proceeding  is  to  take  a  piece  of  linen  or  gauze,  which  is  folded 
several  times,  so  as  just  to  cover  the  eye  and  its  immediate  vicinity; 
over  this,  a  piece  of  water-proof  material  is  applied  in  order  to  prevent 
too  rapid  alteration  of  the  temperature.  For  cold  compresses,  the 
material  is  placed  in  cold  water  or  upon  a  block  of  ice.  Instead  of  plain 
water,  lead  water  or  a  sublimate  solution  is  employed  in  some  cases. 
Hot  compresses  are  made  with  hot  water  or  hot  chamomile  tea.  In 
any  event  the  compresses  must  be  changed  often.  To  obviate  this,  some 
have  advised  an  ice-bag  instead  of  the  cold  compresses,  and  thermophores 
or  Leiter 's  tubes  instead  of  the  warm  poultices;  but  all  of  these  appliances 
have  the  disadvantage  of  being  too  heavy  for  the  eyes.  The  electric 
thermorphores  alone,  are  light,  but  they  are  not  to  be  had  everywhere. 

The  direct  application  of  moist  heat  to  the  cornea  is  effected  by 
means  of  one  of  the  ordinary  kinds  of  inhalation  apparatus  (vapor- 
ization), and  the  application  of  dry  heat  by  a  current  of  heated  air 
applied  through  a  special  apparatus  designed  for  the  purpose.  Both 
forms  of  application  are  employed  mainly  in  inflammations  of  the  cornea 
and  to  clear  up  corneal  opacities. 

[The  application  of  moist  heat  may  be  made  by  dropping  very  hot 
normal-salt  solution  directly  upon  the  eyeball.  An  ordinary  eye-dropper 
being  filled  with  the  solution  at  a  temperature  ranging  from  40°  to46°C., 
the  lids  are  separated  and  the  liquid  is  allowed  to  fall  drop  by  drop, 
upon  the  sclera,  or  in  certain  cases  upon  the  cornea.  The  temperature 
should  be  tested  by  dropping  the  liquid  first  upon  the  back  of  the  hand. 
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it  will  he  found  that  in  many  cases  the  eye  will  tolerate  liqiid  too 

t  for  eiUier  the  skin,  the  Mdi^,  or  the  palpebral  conjunctiva  m  bear. 

form  of  application  is  of  use  in  scleritis,  keratitis,  irido-cyc^tis,  and 

2.  Radiotherapy,  by   means  of  the  Röntgen  and  nuliii/ti   rnvs  is 
mi  ployed  in  tht»  case  of  new  growths  upun  the  lids,  and  in  tul>ercülosis 

d  trachoma  of  the  conjunctiva.  For  corneal  ulcers  Hertel  ha*s  recom- 
otlc^  radiotherapy,  with  a  light  rich  in  ultra-violet  rays.  All  these 
thods  Ätill  require  further  testing. 

3.  Electricity   gives    good    service   in    paralysis   or   spasm  of  the 
bicularis.     It  is  also  applied  in  paralyses  of  the  eye  muscles.    We  are 

however,  able  to  make  an  eye  muscle  contract  by  means  of  the 
ic  c^iirrent,  unless  the  muscle  is  exposed,  and  it  is,  therefore^  a  ques- 
\u         '    ther  faradization  is  of  any  therapeutic  value  at  all  in  paralyses 
^*  muscles.    The  case  is  scarcely  better  for  the  galvanic  current, 
hich  has  but  ver>^  slight  current  density  when  it  flows  through  an  e3'e 
uscle.     So,  too,  the  therapt*utie  results  of  galvanization  in  ordinary 
rophies  of  the  optic  nerve  are  very  doubtful.     [Accorrling  to  Coleman 
tbt*  sinusoidal   (alternating)  current  produces  often  great  and  perraa- 
neot  improvement  in  these  cases. — D.j     Better  authenticated   is  the 
lion  of  electricity  as  an  analgesic  in  eye  inflammations.     A  saucer- 
ihapeil  electrode  is  placed  on  the  closed  lids,  the  other  electrode  is 
put  in  the  patient's  hand,  and  a  weak  faradic  current  is  passed  (Reuss). 
y  achieves  actual  triumphs  Jn  all  cases  in  whjcli  the  action  of 
conci'med,  that  is,  in  tlie  numerous  cases  (jf  neurast  hei^ic 


n  1 


ad  nervous  asth(^üoi)ia  anil  amblvot^iä.     The  way  in  which  we  apply 

»  electricity  is  ol'less  consefiuence  than  our  ability  to  impart  to  the 

fttient  the  conviction  that  electricity  is  a  very  powerful  curative  agent 

rhich  will  surely  relic^ve  him.     Electricity  can  also  be  applied  for  the 

of  making  remedies  (especially  iodine  and  mercury)  which  are 

Ived  in  water,  penetrate  into  the  tissues  of  the  eye  by  means  of  the 

'lal^amc  current  (cataphoresis). 

4.  Hyperwrnia   {Bter)  can  l>c  applied  to  the  eye  in  the  form  of 
uction  hypera?mia.     A  ghiss  of  the  shape  of  a  cupping  glass  is  placed 
ith  Uä  mouth  upon  the  lids,  and  the  air  in  it  is  rarefied  by  suction  made 
•ilh  a  rubber  bulb.     There  are  protluced  tedenia  of  the  lids  and  con- 
some  exophthalmus,  and  evidently  also  an  exit  of  fluid  from  the 

1 1,  for  the  latter  directly  after  the  procedure  is  softer.  But  this 
^mixiutton  in  tension  is  not  lasting,  and  the  therapeutic  value  of  the 
rhole  procedure  in  cases  of  increase  of  tension  is  still  questional>te.  On 
he  other  hand,  the  method  is  employed  with  advantage  in  the  case  of 
purulent  processes  in  the  lids, 

5.  Blood-letting   is    accomplished    l>y    means   of   leeches,    or    witn 
jHeurteloups  apparatus.     Leei^hes  to  the  number  of  from  (i^to  10  are 

on  th*'  ffmnle.  not  too  close  to  tlic*  lids,  as  otherwise  the  latter 
^me  tt'dematous  and  sw^ollen.     Blood-letting  is  proved  to  have  a 
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particularly  favorable  action  in  sever^  iriHn-r»vr>|i|,jpa  In  inflammation 
of  the  deep  parts  (cborioid,  retina,  optic  nerve)  use  of  it  is  but  rarely 
made  now.  In  such  cases  we  ^ithdraw  the  blood  from  a  point  over 
the  mastoid  process  because  an  emissary  vein  oTSahtorini,  which  carries 
off  the  bipod  from  the  transverse  sinus  and  thus  indirectly  from  the 
cavernous  sinus  and  the  ophthalmic  vein,  empties  here. 

6.  Massage  of  the  eye  is  used  mainly  in  the  case  of  scleritic  nodules, 
and,  combined  with  the  application  of  yellow  oxide  of  mercury  ointment, 
for  clearing  up  corneal  opacities.  [Deep  massage  is  used  in  retinal 
embolism  to  dislodge  the  embolus  (see  §96).  It  is  best  done  with  the 
fingers,  which  are  introduced  as  far  back  into  the  orbit  as  possible 
while  the  eye  is  turned  far  in  different  directions.  Another,  perhaps 
more  effective,  way  is  to  make  deep  pressure  with  the  fingers  far  back, 
or  to  squeeze  the  ball  between  two  fingers  placed  on  opposite  sides  of 
the  globe,  and  then  suddenly  release  the  pressure — a  manoeuvre  which 
causes  the  blood  to  flow  suddenly  into  the  vessels  (see  page  17). 
Massage  for  this  purpose  may  be  combined  with  the  inhalation  of 
amyl  nitrite  so  as  to  dilate  the  retinal  vessels. — D.] 

7.  Diaphoretic  ireatmejif,  plavs  a  great  part  in  ophthalmology.  It 
is  emnlHyp^  for  j^flftmrnfttii^ps  (scleritis.  irido-cyclitis.  chorioiditis, 
retinitis,  retro-bulbar  neuritis),  and  for  the  absorption  of  blood,  exudate, 
opacities  of  the  vitreous,  and  sub-retinal  liquid.  Diaphoresis  by  the 
subcutaneous  injection  of  pilocarpine  is  so  disagreeable  for  the  patient 
that  it  has  been  given  up.  The  most  usual  means  of  producing  sweating 
are:  (a)  the  taking  of  1-2  grammes  of  aspirin  with  linden  flower  tea  or  hot 
lemonade,  and  then  covering  up  warm  in  bed;  (b)  hot  baths  followed  by 
wrapping  in  a  dry  woolen  blanket;  (c)  a  hot-air  bath  in  bed  (in  this  the 
air  is  heated  by  an  alcohol  lamp  and  is  carried  by  a  tube  beneath  the 
bed-clothes,  which  are  raised  somewhat  by  means  of  a  cradle) ;  (d)  vapor 
baths;  (e)  the  electric-light  bath.  We  select  any  one  of  these  procedures, 
depending  upon  the  patient's  wishes  and  the  local  conditions,  and  we 
produce  diaphoresis  every  day  or  at  longer  intervals  according  to  the 
severity  of  the  case  and  the  patient's  strengiih.  Sweating  has  a  thera- 
peutic value  only  when  it  is  very  profuse.  If  it  remains  only  in  the  stage 
of  congestion  which  precedes  the  sweating,  or  if  the  skin  becomes  but 
slightly  moist,  we  get  simply  the  disadvantages  of  the  procedure  without 
its  advantages.  If  by  sweating  we  wish  to  remove  pathological  products 
from  the  eye,  the  patient  should  take  altogether  very  little  liquid,  since 
what  we  are  trying  to  effect  is  the  absorption  of  pathological  effusions, 
by  removing  a  large  quantity  of  water.  If,  on  the  other  hand,  it  is  a 
question  of  removing  toxic  substances  from  the  body,  we  make  the 
patient  drink  water  in  abundance,  since  the  excretion  of  sweat  increases 
proportionally,  and  the  injurious  substances  are  the  more  abundantly 
eliminated.  Diaphoretic  treatment  is  contraindicated  in  arterio- 
sclerosis and  heart  disease,  in  patients  who  are  m  a  ver^  reduced  state 
(especially  tuberculous  patients),  and  in  pre^nancv. 
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Tho  medicinal  remedies  are  applied  in  solution  or  as  ointments  or  in 

the  furm  of  powder.     Watery  solutions  are  intended  to  be  dropped  into 

Ithe  coniunctival  sac  once  a  day  or  oftener.    Solutions  which  irritate  and 

rliftico  lire  followed  by  rather  profuse  secretion,  should  not  be  instilled 

€lire<!tly  before  the  patient  goes  to  sieep,  because  the  resulting  reaction 

I  inlerferes*  with  his  going  to  sleep,  and  the  increased  secretion  is  prevented 

l>y  tb©  closed  lids  from  escaping  free!y.     On  the  other  hand^  remedies 

AK»  to  be  instilled  in  the  evening  when  w^e  wish  them  to  act  particularly 

"*t  (thus,  for  example,  in  the  case  of  the  oiydriatics  in  iritis,  since 

1*11  h  at  its  narrow^est  during  sleep  and  hence  synechiie  are  most 

kapt  to  develop  at  this  time).    If  after  being  used  a  long  time  the  solution 

fallows  cloudiness  or  flocculi  it  is  to  be  renewed.     In  eyes  with  recent 

mnds  due   to  injury   or  oneratinn.   only  stf^rile  solutions  ,^houR 

EliecT     Slightly  warm  solutions  pain  le 


stmle 
s  than 


be 


cold  sobitions  when 

'  are  instilled  and  are  also  rather  more  easily  absorbed.    It  is  useless  to 

RnstU  the  solution  in  large  quantities  at  any  one  time,  for  only  a  little 

Trmains  in  the  conjunctival  sac, and  the  rest  at  once  flows  off.    One  good 

drop  is  sufficient;  if  while  we  are  dropping  it  in  we  make  the  patient  look 

up  and  at  the  same  time  draw  down  the  lower  lid,  the  solution  stays  i 

loaiijer  in  the  conjunctival  sac  and  is  absorbed  in  greater  amount.^   Drugs 

which  alter  the  size  of  the  pupil  arrive  by  diffusion  through  the  cornea 

into  the  aqueous,  and  thence  act  upon  the  iris  (see  page  8).    A  part  of 

the  siolution  is  also  absorbed  by  the  conjunctiva  and  by  the  nasal  mucous 

inembrane,  the  solution  reaching  the  latter  through  the  tears.    Ordinär- 

I  iJy,  this  absorption  is  too  slight  to  result  in  any  general  effect  (symptoms 

Jfif  poisoning).    This  occurs  only  when  the  instillation  is  made  very  often, 

jr  when  ver>^  concent  ratet!  solutions  are  used. 

By  some  the  alkaloids  are  applied  in  an  oily  solution.    Application 

I  in  the  form  of  an  ointment  which  is  introduced  into  the  conjunctival  I 

Ißac,  is  used  particularly  for  atropine  and  cocaine  and  is  atlvisable  when 

[there  is  a  profuse  flow  of  tears  which  would  wash  out  a  watery  solution 

5,  while  an  ointment  will  stay  longer  in  the  conjunctival  sac.    The 

ids  are  also  obtainable  in  the  form  of  small  tahklSj  which  are  placed 

in  the  conjunctival  sac  and  dissolve  there. 

As  to  ointme7iis,  those  that  are  intended  for  the  margin  of  the  lid 
are  rubbed  in  upon  the  closed  lids  in  the  evening  before  the  patient  goes 
to  sleep,  so  as  to  act  during  the  night.  Crusts  and  scales  are  previously 
be  removed  as  far  as  possible  by  w^ashing  them  with  tepid  water  [and 
h  pag^  ^2. — D.j.  Since  sometimes  it  is  impossible  absolutely  to 
pvent  some  of  the  ointment  from  getting  into  the  conjunctival  sac 
and  upon  the  cornea,  very  irritant  ointments  which  are  well  borne 
by  the  skin  cannot  be  applied  to  the  eye.  For  lid  ointments  a  fat 
should  be  chosen  as  a  basis  which  is  somewhat  hydrous,  for  the  waterl 


TTftrtieularly  the  caw  iT,  after  if»«  pntienl  look*  u|>  mid  wlul«  we  are  «till  holdiuu  the 
Uli  -i  i;e  fyf,  wn  dir«e(  him  t»  luok  dowu  au  ttiat  the  coruva  ik  immerjieil  in  Uio  fluid  lying  in 

tkftM.. ,,,ai,ac!— D,] 
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as  it  gradually  evaporates  cools  the  inflamed  borders  of  the  lid  (cooling 
ointment).  We  accordingly  select  the  unguentum  emoUiens  or,  as  this 
soon  becomes  rancid,  vaselin  with  which  a  small  quantity  of  hydrous 
lanolin  is  mixed.  Other  ointments  are  designed  to  be  introduced  into 
the  conjunciivfli^^c,  including  besides  the  atropme  and  cocaine  oint- 
mentsaireadv  mentioned,  mainlv  ointments  made  with  iodoform  (in  the 
case  of  wounds  and  ulcers),  with  copper  citrate  (in  trachoma),  and  with 
white  or  yellow  oxide  of  mercury  (m  corneal  processes).  Just  as  in  the 
case  of  irritant  collyria,  the  copper  and  mercury  ointments  owing  to 
their  irritant  action,  should  not  be  introduced  into  the  eye  at  night 
before  the  patient  goes  to  sleep.  Ointments  intended  for  the  conjunc- 
tiyal  sac  should  not  contain  any  coarse  particles  which  would  act  as  a 
mechanical  irritant.  The  medicinal  substance  must,  therefore,  be  in  the 
yery  finest  powder,  and  must  be  rubbed  up  with  the  ointment  bases  i^ith 
special  care  so  as  to  form  a  uniform  mixture.  (This  is  particularly  the 
case  with  the  yellow  oxide'of  mercury  ointment,  which,  at  the  sugges- 
tion of  Schanz,  is  prepared  in  a  state  of  minute  subdivision  by  the  firm 
of  Schweissinger  in  Dresden.  It  should  be  kept  in  black  jars,  since  it  is 
gradually  decomposed  by  the  light.) 

Powdered  remedies  must  be  in  a  very  fine  powder.  Calomel,  gallicin, 
and  dionin  are  sprinkled  with  a  brush  upon  the  conjunctiva  of  the 
depressed  lower  lid,  not  upon  the  cornea;  iodoform  is  sprinkled  upon  the 
raw  spot  in  the  eye. 

The  remedies  most  used  in  eye  diseases  are  as  follows  (for  physiolo- 
gical action,  see  §  64):  L  Atropine.  This  dilates  the  pupil  and  paralyzes 
the  accommodation.  It  is  therefore  used,  on  the  one  hand,  to  relieve  irri- 
tation and  inflammation  of  the  iris,  and  on  the  other  hand,  to  produce 
paralysis  of  the  accommodation,  for  the  sake  of  getting  a  precise  deter- 
mination of  the  refraction.  Atropine  is  such  an  efficient  mydriatic  that 
the  millionth  part  of  a  gramme  suffices  to  dilate  the  pupil.  If  we  instil 
atropine  into  another  person's  eye,  and  in  doing  so  wet  our  finger,  and 
then  through  carelessness  touch  our  own  eye  with  it,  this  is  enough  to  pro- 
duce a  dilatation  of  our  own  pupil.  In  practice,  usually  a  1-per-cent  solu- 
tion of  atropine  sulphate  is  used.  When  a  particularly  great  effect  is^  to 
be  attained,  wejlace  a  granule  of  the  atropine  salt  in  substance  in  the  conr 
junctivarsac,where  it  dissolves  in  the  tears,  and  affords  a  concentratefl 
solution.  Still  greater  is  the  effect  if  we  combine  atropine  with  cocaine 
so  that  contraction  of  the  dilatator  of  the  pupil  is  added  to  paralysis  of 
the  sphincter.  We  cocainize  the  eye  just  as  for  an  operation,  and  after 
anaesthesia  has  set  in,  place  a  granule  of  atropine  sulphate  in  the  con- 
junctival sac.  When  it  is  employed  in  such  an  intensive  way,  symptoms 
of  poisoning  may  set  in,  which  do  not  usually  occur  with  the  instillation 
of  a  1-per-cent  solution.  These  symptoms  consist  in  a  troublesome 
feeling^  of  dryness  in  the  throat,  nausea,  reddening  of  the  face,  and  an 
acceleration  of  thejiiilse:  alsoexcitement  anJTremor.  or.  in  case  of  severe 
poisoning,  loss  ot  consciousness.    In  marked  poisoning  the  pupil  of  the 
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other  eye  that  has  not  bren  treateil  with  atropine  is  dilatptl,  too.     Spc^ 
d.'tlly  jinscoptihtp  to  atropine  are  very  small  i'hii<irrn  who  in  about  a  quar- 
ter af  aw  lumr  aftfr  the  in.«itillation  of  a  l-per-cent  solution  l>ecome  red 
m  tin*  IkhIv,  while  just  with  thrni  the  dihiting  action  on  the  pujojl  is 
flight.     \Ve  shoujci  not  be  led  astray  liyTlie  lair  er  laefnor  msni  airopine 
rq5e4it<*illy,  sinccM'ven  eases  of  death  have  originated  in  this  way.    Gen- 
rral  ]:Njisomng  may  also,  of  course»  take  place  through  the  internal  use 
of  aln>|>ine  ov  remedies  containing  it  (belladonna).     Patients  wiiotake 
such  preparations  internally — these  being  commonly  patients  with  lung 
dbease,  who  have  got  them  in  order  to  relieve  cough  or  night-sweats— 
o(t*'n  complain  that  they  are  dazzletl  antl  do  ncjt  set*  well  for  work  at 
Dear  jKunts.    We  then  find  moderate  dilatati<m  of  the  pufiil  and  reduction 
of  the  accommodation.     In  applying  atropine   (especially  atropine  in 
^ubtance)  to  the  eye  we  preclude  symptoms  of  poisoning  if  we  prevent 
thr  tears  from  flowing  dovm  into  the  nose.     With  this  object  we  draw 
the  lower  lid  away  from  the  eyeball  for  a  litlle  while,  so  that  the  tears 
jxmr  out  oviT  the  cheek,  or  we  coniprc^ss  the  laclirymal  sac  with  the 
finj^cr.    In  eases  c»f  st>vere  poisoning  a  subcutaneous  injection  of  morphine 
i^  tmlictttef!  as  an  antidote. 

A t rt>p:ne  is_contfamdicated  in  old  persons  wit h  shallow  anterior 
chain ^>er.  Ix*ciiusc  in  them  glaucoma  might  he" set  up  by  the  dilatation 
uf  tho  pupib  and  obviously  it  is  rigoroushy-  forl>idden  when  tslaucoma 
ban  already  broken  out.  [The  same  is  true  of  hoinatropin<%  eiqihthal- 
miiM*,  and  cocaine.^ D.]  It  must  farther  be  discarded  in  persons  who 
fhm  an  intolerance  toward  atropine.  This  makes  itself  apparent  in 
TaritHis  ways:  (a)  By  the  appearance  of  symptons  of  poisoning,  like  tlry- 
n<«e  af  the  throat  and  nausea,  even  with  small  doses.  This  occurs  par- 
tinilarly  after  long-continued  use  of  atropine,  (b)  By  exciting  a  catarrh  ^JÜ 
(atropine  catarrh  ) which  is  generally  marked  by  the  format icui  of  numer- 
i«L*  folli<'les.  For  this  also  a  prolongtM!  use  of  atropine  is  usually  reijui- 
-Ml^  (c)  In  some  persons  a  single  drop  of  atrooine  Droduces  ^reat  redness  >| 
and  8welling  of  the  lids|  like  an  attack  of  erysipelas.  In  these  and 
similar  ca^^^s  the  atropine,  according  to  circumstances,  must  either  be 
simply  given  up  or  it  must  be  reoLiccd  by  another  mydriatic.  Of» these 
tht'  most  suitalile  is  scomihmifie  hwirobnifnHJe,  and  in  1  to  j-per-eent 
wlution,  for  it  is  more  jjoisonous  Imt  also  more  active  than  atropine. 
Tiie  effect  of  atropine  lasts  about  a  week  [not  infrequently  10  days.— D.], 
md  a^single  instillation  hence  produces  a  disturbance  of  vision  which 
lasts  almost  as  long  and  which  interferes  with  work.  We  should  never, 
tlkcrefore,  instil  atropine  without  sul>stantial  rea.'^ons,  as  unfortunately 
is  50  oft-en  done.  For  the  same  reason  we  do  not  use  atropine  when  it 
i^  »imply  a  question  of  dilating,  the  pupil  to  facilitate  the  examin_ation 
wiltTthe  ophtliahrfosrnpe,  but  enmlov — 

2,  Homatropifie  hwirobromidv.  Instilled  in  l-T>er-ccnt  solution  it 
dilateg  the  pupil  for  about  tive  hours.  After  the  examination  has  been 
made,  we  mstil  pilocarpine,  by  which  the  pupiMs  contracted  again, 


ai» 
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since  the  pilocarpine  overcomes  the  effect  of  the  homatropine  while 
toward  a  pupil  dilated  by  atropine  it  is  powerless.  Euphthalmine 
(2  per  cent),  and  eumydrine  (1  per  cent)  are  used  like  homatropine. 
[In  examining  the  refraction  we  use  a  2-per-cent  solution  of  homat- 
ropine, and  instil  it  repeatedly.  See  §  149  B.  This  causes  in  the  great 
majority  of  cases  a  paralysis  of  accommodation  equal  to  that  produced 
by  atropine.  The  cycloplegia  and  mydriasis  produced  by  it  when  thus 
applied  last  for  from  36  to  72  hours.  Indeed,  accurate  measurements  of 
the  accommodation  show  that  the  latter  may  be  affected  even  four  or 
five  days  after  the  instillation.  On  a  pupil  thus  dilated  pilocarpine  has 
little  if  any  effect,  and  although  eserine  can  contract  the  pupil  and  pro- 
duce spasm  of  accommodation,  this  effect  soon  passes  away  and  the 
cycloplegia  and  mydriasis  return. — D.] 

3.  F.RPrin^.  r^phvsnsf.j|jrTninp^  is  uscd  Under  the  form  of  a  sulphate 
or  salicylate  in  l-per-cen1^  solution.^  It  has  exactly  the  opposite 
action  to  atropine,  producing  miosis  and  spasm  of  accommodation. 
Eserine,  therefore,  can  be'^used  to  relieve  dilatation  of  the  pupil  and 
paralysis  of  the  accommodation,  but  neither  application  has  any 
practical  value,  since  the  effect  passes  off  in  one  or  two  days.  Of  much 
greater  value  is  eserine  in  the  treatment  of  glaucoma.  The  more  vigor- 
ously it  contracts  the  pupil  the  more  certainly  does  it  act  to  combat  the 
increase  of  tension.  In  ojd  cases  in  yhinh  thp  fris  is  atrophic  and  aIsq 
whpn  thpFft  is  r  cnlnhomflT^f  the  iris^.the  effect  of  eserine  on  the  width 
of  the  pupil,  and  hence,  also  on  the  tension,  is  sliyc^t.  Eserine  frequently 
excites  severe  pain  in  the  eye  and  head,  painful  contractions  in  the  lids, 
and  even  nausea  and  vomiting.  These  are*  not  symptoms  of  poisoning, 
but  are  the  results  of  the  great  narrowing  of  the  pupil  and  contraction 
of  the  ciliary  muscle,  by  which  the  ciliary  nerves  are  pulled  upon.  This 
bad  by-effect,  therefore,  usually  is  absent  when,  as  in  the  case  above 
mentioned,  the  eserine  fails  to  produce  any  marked  contraction  of  the 
pupil.  A  solution  of  eserine  after  being  a  few  days  in  the  light  turns  red 
(for  which  reason  it  ought  to  be  prescribed  in  dark  bottles),  but  without, 
however,  suffering  any  impairment  of  its  activity.  On  account  of  its 
frpnnA>nt  Hisg^p;rppahlp  hv-pflPppfg  the  following  is  better  adapted  for  the 
ordinarv  usg^- 

4.  CPiTgcnr-pinp^  which  is  employed  under  the  form  of  pilocarpine 
hydrochloride  in  a  1  or  2-per-cent  solution,  has  the  same  action  as 
eserine  but  weaker. 

5.  Cocaine.  The  practically  important  properties  of  cocaine  are 
its  anaesthetic  and  mydriatic  action.  Owing  to  the  latter,  it  is  employed 
in  order  to  produce  a  transient  dilatation  of  the  pupil  for  proposes  of 
examination,  and  also  to  reinforce  the  effect  of  atropine.  Still  more 
important  is  the  anaesthetic  action  of  cocaine,  the  therapeutic  application 
of  which   Koller  was  the  first  to  show.     A  2  to  5-per-cent  solution 

4In  i  to  ^por-cent  solution  in  glaucoma  simplex  and  to  overcome  the  effect  of  homatropine. 
In  this  strength  its  disagreeable  etfectM  are  commonly  slight. — D.j 
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ot  cocaine  hydrochloride  is  used»  If  this  is  instilled  several  times  at 
short  Intcnals,  we  tibtain  complete  insensil>ility  of  the  conjunctiva  and 
cornea,  while  the  sensitiveness  of  the  iris  is  l>nt  little  reducetl.  The 
angpi^thetic  effect  lasts  about  ten  minutes,  It  is  UKmt  frequently  used 
06  a  preliminarN'  step  to  any  painful  manipulation  of  the  eye,  such  as  the 
Iftnoval  of  foreign  bodies  antl  actual  operations.  It  also  serves  to  <limin- 
fah  photophobia  and  blej)harospasm,  and  hence  facilitates  examination. 
Finally,  cocaine  is  frequently  prescribed  for  instillation  in  painful  inflam- 
malions  of  the  eye.  But  since  it  renders  only  the_superficiai  portions  of 
the  eye  insensible,  it  acts  to  reheve  pain  only  in  inijaTninations  of  the 


cornea^  but  nni 


But  it 


m 


rulti-tnclitis,  gl  a  u  coma,  etc 

Wions  of  tlie  ettrnea  that  eornirn-  e.in  ;dso  lin  hnpn ,   \\p  can  convin ce 


precisely 


ourselves  ot  this  tact  when  we  jnsTill  cocaine  a  nmidier  of  times  m  suc- 
OvasioQ  before  an  operation.  The  epithelium  of  the  cornea  then  often 
beomnes  opaque  and  dull,  or  may  even  l>e  exfoliated  in  places.  There  are 
twf»  reasons  for  this;  first,  the  direet  injurious  action  of  the  cocaine  on  the 
epithelial  cells  and,  second,  the  drying  of  the  surface  of  the  cory^^a  which 
ort'urs  because,  as  a  result  of  thr  insensitivrness  of  thj?  cornea^  the  lids 
liü  Dot  wink  enough.  We  stioutd  not,  ttieretore,  apply  cocaine  for  too 
\oTig  a  time  and,  wliile  we  are  applying  it,  should  take  care  that  the 
patient  ke<"ps  his  eyes  shut  between  each  instillation;  then  we  shall 
raft*h  have  to  complain  of  **  cocaine  opacity/'  If  we  entrust  a  patient 
with  a  cocaine  solution,  to  remedy  some  painful  inflammation  of  the  eye, 
he  LS  easily  induced  to  drop  it  in  often  because  the  analgesic  action  of  the 
oiciuae  lasts  only  a  short  time.  This  frequency  of  instillation  because  of 
tlie injurious  action  of  cocaine  on  the  corneal  epithelium  may  readily  ex- 
ert an  unfavorable  influence  on  the  course  of  a  keratitis.  [Holocaine  is  a 
bi'tter  drug  than  cocaine  in  such  eases,  and  dioninor  acoine  is  usually 
much  f)etter  than  either. — D.] 

The  mydriasis  producetl  by  cocainization  remains  for  some  hour» 
and  nmy  annoy  the  patient  by  the  disturbance  of  sight  that  is  associated 
with  it.  Both  the  mydriasis  and  the  disturbance  of  sight  can  fje  speedily 
relieved  by  the  instillation  of  a  drop  of  pilocarpine.  [Part  of  the  dis- 
turbance of  sight  is  caused  by  dryiiess  and  consequent  uneveness  of  the 
cornea.  This  can  be  relieved  if  the  patient  shuts  his  eyes  at  intervals 
60  as  to  moisten  the  cornea. — D.] 

After  the  introduction  of  cocaine  other  local  anaesthetics  were 
prepared  by  the  aid  of  chemistry.  In  deciding  as  to  their  value,  the 
difference  in  their  toxic  power  has  usually  been  the  main  point  considered. 
St>  far  as  their  application  to  the  eye  is  concerneii,  however,  this  factor 
18  of  little  account,  l)ecause  of  the  minute  quantity  in  which  these  agents 
are  applied.  A  more  important  thing  is  their  influence  on  the  blood- 
vessels of  the  eye  and  on  the  pupiL  Only  those  anaesthetics  will  be 
spoken  of  here  which  have  found  application  in  ophthalmolog>\ 

Hohcaine  is  more  poisonous  than  cocaine.  It  has  no  influence  on 
the  blood-vessels  and  causes^  very  little  dilatation  of  the  pupil.     [It  is 
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used  in  l-per-cent  solution  and  is  a  very  effective  anaesthetic,  used 
particularly  when  we  wish  to  avoid  dilating  the  pupil  (hence,  therefore, 
especialle^  in  glaucoma  and  in  the  removal  of  foreign  bodies. — D.] 

All  the  other  agents  are  less  poisonous  than  cocaine.    Of  these — 

Novocaine  is  the  most  similar  in  action  to  cocaine  but  is  weaker. 

Tropococaine  and  stovaine  dilate  the  pupil  less  than  cocaine;  with 
the  former  the  conjunctival  vessels  are  unchanged,  the  latter  dilates  them 
somewhat.  [Stovaine  is  used  in  a  4-per-cent,  tropococaine  in  a  1  to  3- 
per-cent  solution. — D.] 

Eucaine  B  and  alypine  leave  the  pupil  quite  unaltered  but  dilate 
the  blood-vessels  somewhat,  and  hence  are  advantageously  combined 
with  a  little  suprarenal  extract.  [Eucaine  is  used  in  a  1  to  3-per-cent, 
alypine  in  a  2  to  4-per-cent  solution.  By  some  good  authorities  alypine 
is  regarded  as  the  best  of  local  anaesthetics. — D.] 

Acoine  has  no  effect  on  the  vessels  and  the  pupil.  It  is  used  mainly 
as  an  addition  to  solutions  which  are  to  be  injected  under  the  conjunctiva; 
but  imlike  cocaine,  it  has  the  disadvantage  of  tending  to  produce  inflam- 
mation in  the  tissues.  [A  l-per-cent  solution  of  acoine  in  castor  oil  may 
relieve  for  a  number  of  hours  the  sharp  pain  produced  by  erosions  or 
abrasions  of  the  cornea  (especially  those  remaining  after  the  removal  of 
a  foreign  body). — D.] 

6.  Adrenaline^  suprareniny  paranephrin  are  extracts  of  the  supra- 
renal capsules,  and  tonogen  is  a  synthetic  preparation,  which  have  the 
property  of  causing  the  smooth  muscle  fibers  supplied  by  the  sympathetic 
to  contract,  and  hence  act  primarily  as  vaso-constrictors.  If  one  of  these 
drugs  is  dropped  into  a  very  much  reddened  eye,  the  latter  after  a  few 
minutes  (or  even  a  few  seconds)  becomes  pale  as  that  of  a  corpse  and 
remains  so  for  an  hour  or  longer.  [The  large  conjunctival  vessels  and 
the  deep  (scleral)  vessels  are  not  usually  affected. — D.]  On  account  of 
its  transient  action  the  suprarenal  extract  is  not  adapted  for  the  treatment 
of  inflammation  of  the  eye  but  only  for  the  production  of  a  temporary 
ischsemia.  If  we  have  an  inflamed  eye  to  operate  on,  it  reinforces  the 
action  of  the  cocaine  and  diminishes  the  bleeding  during  the  operation. 
It  may  also  be  instilled  during  an  operation,  in  order  to  diminish  a 
troublesome  bleeding.  For  the  same  purpose  we  add  it,  in  the  proportion 
of  two  or  three  drops  to  the  cubic  centimetre,  to  solutions  of  cocaine  or 
other  anaesthetics  intended  for  subcutaneous  or  subconjunctival  injection. 

7.  Dior^ui  (ethyl-morphine  hydrochloride)  when  introduced  in 
powder  or  in  a  5-per-cent  snlnfinn  intn  the  conjunctival  sac,  produces, 


first,  much  burning  and  injection  of  the  evg  aftpr  which,  in  a  few  minutes, 
a  marked  hot  oedema  of  tne  conjunctiva  develops  which  may  go  on  to  a 


tense  Chemosis  [with  pumng  of  the  lids.  Sometimes  we  have  to  use  a  10- 
per-cent  solution  or  dionin  in  powder  to  get  a  marked  effect. — D.].  The 
oedema  disappears  again  in  a  few  hours.  The  great  hyperaemia  of  the 
conjunctiva  causes  the  natural  protective  substances  of  the  blood  to  pass 
into  the  tissue  of  the  conjunctiva  and  into  the  interior  of  the  eye.    A 
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liirth<»r  curativr*  factor  is  the  fact  that  the  escape  of  hlood-senim  in 

quantities  into  the  conjunctiva  can  act  to  n^odify  iht^  circuhiti<>n  in  the 

eye.    We,  therefore,  attrihate  to  dioiiin  an  effect  in  t^rnmtjtinti  ^b^cyp^on^ 

for  which  reas*)n  we  emtjlov  it  for  eh'anoi?  corneal  opädties.     In  sclmtis 

imi   iridocycntis.   dionin   ameliorates  the  violent  pain  aiTTl  also  lit4le  Ijy 

tittle  diminishes  the  injection  of  tfie  eyt».    FurthcTmore,  it  acts  very  well 

to  counteract  niarkctl  jihutophoUa  in  eonjunetivitis  eczematosa,  paren- 

idtitis,   keratitis,   dc^    fin    tietacFnient   of    the    retina    and    other 

.....lAioii^  of  the  deeper  parts  it  may  be  used  l»y  i>ubeonjunetiva!  injec- 

lioo  (see  below). — D.]     On  repeated  application  less  and  less  oedema 

'     »d,  and  the  therapeutic  effect  of  tlie  drug  ceases  too.     Tlien 

r  application  would  produce  only  a  useless  sensation  of  Ijurning 

without  any  curative  eflfeet. 

8.  Sub*conjunctiml  injecUotw.  The  injection  of  active  liquids 
lieneath  the  conjunctiva  has  a  twofold  effect,  namely^  irritation  of  the 
tissue  and  alteration  in  the  conditions  of  diffusion.  The  irritation  of  the 
tissue  manifests  itself  at  once  liy  jmin  antl  by  rechiess  at  the  site  of 
init*ction*  A  more  remote  consequence  of  the  irritation  is  the  passage  of 
the  natural  protective  substances  from  the  l>Iood  into  the  tissues  and 
fpac«^  of  the  eye,  and  upon  this  prolmbly  depends  part  of  the  curative 
vfitri  of  the  injection,  especially  in  cornea!  ulcers.  The  alteration  of 
the*  conditions  of  diffusion  occurs  because  after  the  injection  there  is 
prw^nt  beneath  the  conjunctiva  a  salt  solution  (e.g.,  a  5-per-cent  solution 
of  sfKÜum  cldoride)  having  a  concentration  quite  different  from  that 
^hirh  belongs  to  the  liquid  in  the  vitreous.  The  differing  osmotic  tension 
tfnd-H  to  become  eciualized  througli  the  animal  membranes  which  lie 
Iwtwecn  the  two  liquids  (sclera,  chorioid,  retina).  Thus  there  is  given 
,  Ji  Min)uhis  to  metabolism,  which  may  promote  the  absorption  of  sub- 
rtnimrlTquids,  of  exudates  in  the  inner  nirmbranes  of  the  eye,  and  of 
hrmorriiuges  and  vitreous  opacities.  Tlie  injections  are  nuule  with  a 
hypodermic  syringe  after  the  eye  ha*s  been  ccxiainized.  In  corneal 
rfceases  they  are  made  beneath  the  anterior  pt»rtion  of  the  conjunctiva 
(Hut  not  too  near  the  timbus).  In  diseases  of  the  posterior  segment  of 
the  eyeball  they^  are  made  in  Tenon's  space.  The  redness  and  swelling 
thiit  ^t  in  after  the  injection  disappear  after  one  or  more  days;  and 
According  to  the  way  this  occurs  the  injection  can  be  made  either  every 
day  or  at  longer  intervals.  After  long  continued  injections  there  is 
formed  an  adhesion  between  conjunctiva  and  sclera,  which  becomes 
mure  and  more  solid  all  the  time.  The  liquids  which  are  oftenest  used 
W  injection  are  a  solution  of  sul>limate  or  of  mercury  oxycyanide  (I  to 
3  minims  of  a  l:lt>00  solution)  and  a  5  to  10-per-cent  sterilized  salt- 
solution  (one-half  to  one  syringeful)  lalso  dionin  in  from  I  to  5-yier-eent 
Kilution. — D.|  In  order  to  make  the  inje(»tion  less  painful  1  to  2-per-ccnt 
of  cocaine  (or  acoine. — D.]  is  add^d  to  the  solution.  In  corneal  ulcers, 
in  which  it  is  a  quc»stion  of  causing  an  irritant  effect,  I  am  in  the  haliit  of 
using  the  mercury  solution,  and  the  salt  solution  in  diseases  of  the  deep 
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parts  where  the  excitation  of  diflfusion  is  the  thing  to  be  considered. 
In  inflammatory  irritation  of  the  eye  injections  are  not  well  borne. 

9. .  Strychnine  .  This  exerts  an  excitant  action  upon  the  optic  nerve, 
so  that  even  in  normal  eyes  it  produces  a  slight  although,  to  be  sure,  not 
permanent  increase  in  the  visual  acuity  and  an  enlargement  of  the  field 
of  vision.  For  therapeutic  purposes,  a  i-per  cent  solution,  of  which  a 
quantity  equal  to  one  half  or  the  whole  of  the  contents  of  a  Pravaz 
syringe — i.e.,  as  much  as  5  mg.  [rj  grain]  of  strychnine  per  dose — is 
injected  once  a  day  beneath  the  skin  of  the  temple.  [This  dose  may  be 
increased  to  10  or  even  12  mg.,  especially  in  paresis  of  the  iris  or  ciliary 
muscle,  in  which  condition  it  may  give  good  results. — D.]  It  acts  best 
in  disturbances  of  vision  unattended  by  changes  visible  with  the  ophthal- 
moscope, especially  in  hysterical  and  neurasthenic  forms,  which,  how- 
ever, generally  afford  a  good  prognosis  anyway.  In  serious  lesions  of  the 
optic  nerve,  as  in  progressive  atrophy,  we  often  obtain  with  it  an  improve- 
ment in  the  sight  and  especially  an  enlargement  of  the  field  of  vision; 
but  these  changes  are  not  permanent. 

Causal  treatment  is  conducted  in  accordance  with  the  etiology  of  the 
individual  case.  Hence  it  admits  of  a  general  consideration  only  so  far 
as  infectious  diseases  are  concerned.  The  warfare  upon  the  microbes 
and  upon  the  effect  they  produce  in  the  tissues  can  be  accomplished  by 
local  and  by  general  treatment.  Local  treatment  is  possible  only  when 
the  bacteria  are  situated  on  or  in  the  superficial  portions  of  the  eye,  i.e., 
the  conjunctiva  and  the  cornea,  and  are  hence  accessible  to  direct 
action.  Since  many  diseases  of  the  conjunctiva  and  cornea  are  of  bac- 
terial origin,  great  hopes,  which,  however,  have  not  been  fulfilled,  were 
put  in  the  beginning  on  antiseptic  measures.  Only  two  remedies  have 
proved  to  be  actually  serviceable,  remedies  which  do  not  belong  to  the 
antiseptics  proper  at  all,  and  both  of  which  were  already  employed  long 
before  the  discovery  of  bacteria,  namely,  zinc  sulphate  and  silver  nitrate. 
TViP  fnrmpr  PYPrts  ft  snftfijfif^ally  injurious  actioD  on  ^hft  hftfiil|uq  nf  Siorax- 
Axenfelct,  the  latter  ^n  the  prnnnnorniis.  On  the  other  hand,  the  anti- 
septics  proper  in  any  such  degree  ot  concentration  and  with  any  such 
length  of  application  as  would  be  required  for  killing  bacteria,  produce 
extreme  irritation  of  the  eye,  and  injure  its  tissues  so  much,  that  they 
do  more  harm  than  good.  If  the  bacteria  are  situated  not  altogether  on 
the  surface,  but  in  the  tissue  itself,  they  can  be  annihilated  only  if  the 
tissue  is  destroyed  at  the  same  time.  This  is  effected  by  means  of  caustics. 
These  can  be  applied  only  when  we  have  to  do  with  a  germ  mass  in  the 
superficial  membranes  of  the  eye  and  above  all  in  the  cornea.  Moreover, 
the  germ  mass  must  not  have  too  great  an  extent,  as,  otherwise,  too 
widespread  destruction  would  have  to  be  made.  The  caustic  must  be 
so  fashioned  that  its  action  shall  be  precisely  limited  to  the  affected  sf>ot. 
This  is  true  of  the  eye  more  than  of  other  organs,  because,  for  example, 
in  the  treatment  of  corneal  ulcers  every  square  millimetre  of  transparent 
cornea  is  of  importance.    Hence,  liquid  caustics  or  those  which  dissolve 
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ckly  are  unsuitable,  because  they  would  flow  over  the  neighboring 
and  destroy   them.     Answering   Ijest   to   the  requirements   pro- 
is  the  art ual  eai^erv  which  \s  usually  employed  under  the  form 
a  fim*  galvano-cautery  loop.    It  is  used  above  all  in  ulcus  serpens  and 
aer  rapidly  advancing  corneal  ulcers.     Weaker  caustics  are  a  stick  of 
rtlHT  sulphate,  whittled  to  a  sharp  point,  which  is  employed  to  advant- 
~in  keratitis  dendritica,  and  tinc^tnre  of  iodine  wl]^rh  is  applic^d  with 
tbrush  to  the  floor  of  the  ulcer,  afk^r  ciiretting  away  the  necrotic  portions. 
l!iT)ere  caustics  are  not  advisalile,  the  attempt  must  be  made  to 
hen  the  natural  resisting  power  of  the  tissues  against  bacteria. 
rieealile  in  this  way  are  the  application  of  heat,  sub-conjunctival 
ections,  and  paracentesis  of  the  cornea,  measures  to  which  belong  the 
ikperty  of  favoring  the  secretion  of  protective  substances  into  the 
of  the  eye,  and  most  of  all  into  the  cornea. 
Gtneral  treatment  has  to  reinforce  local  treatment  and  is  the  only 
form  of  therapy  possible  when  the  bacterial  focus  is  not  directly  access- 
ihk    Bes*ides  the  remedies^  like  diaphoresis,  mercury,  and  iodine,  which 
applied  generally  in  infectious  diseases  of  various  kinds^  there  are 
lijose  which  possess  a  quite  specific  action  for  certain  morbific  agents, 
methods  of  treatment  are  just  now  beginning  to  develop  on  the 
of  experimental  research,  and  it  should  not,  therefore,  excite  sur- 
pme  that  their  results  as  yd  arc  very  uncertain.    They  are  based  on  the 
jut  that  by  passing  through  one  infection,  one  acquires  an  immunity, 
aO'ing  Ü1  degree,  against  a  new  infection  by  the  same  morbific  agent, 
iKHrÄUse  the  body  forms  specific  protective  substances  against  the  latter. 
Tim  action  of  the  protective  substances   may  consist  either  in  their 
killing  the  bacteria  themselves  or  in  their  neutralizing  the  poisons  pro- 
dum!  by  the  l)acteria.    Such  an  immunity  may  also  be  produced  arti- 
^ficially,  and  that  either  in  a  direct  or  indirect  way.    The  former  is  active 
izatitm  which  consists  in  injecting  into  the  patient  dead  or  weak- 
cultures  of  bacteria  of  the  same  kind  as  those  by  which  he  has  been 
mad«»  ill,  so  that  he  himself  may  form  in  his  own  Ixjdy  substances  pro- 
tecting against  these  bacteria.     The  type  of  such  an  active  immiini- 
lation  is  the  injection  of  tuberculin.     The  indirect  method  is  called 
ive  immunization,  which  consists  in  subjecting  an  animal  to  active 
nization,  so  that  its  serum  forms  protective  substances  which  then 
are  employed  for  rendering  the  patient  immune.     The  protective  sub- 
sUnces  contained  in  this  serum  may  be  either  antitoxic  or  baetericidab 
Tbt  oldest  example  of  the  first  case  is  the  antidiphtherial  serum,  while 
tW  pneumococcus  serum,  for  example,  contains  bactericidal  substances. 
The  protective  substances  are  of  avail  only  against  that  kind  of 
bacterium  with  which  the  immunization  was  produced.     Since  some 
hacteria  act  differently  in  different  strains,  some»  in  order  to  secure  a 
«pwific  immunization,  have  gone  so  far  as  to  try  to  immunize  an  indi- 
vidual case  of  disease  by  means  of  cultures  which  they  have  obtained  from 
ibe  morbific  germs  derived  from  the  case  itself.     But  the  preparation 
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of  cultures  in  sufficient  quantities  demands  so  much  time  that  in  acute 
cases  one  would  usually  be  too  late  to  effect  a  cure.  Another  way  of 
getting  a  specific  serum  with  certainty,  consists  in  procuring  it  by  immuni- 
zing animals  with  different  strains  of  the  same  species  of  bacterium,  so 
that  one  may  expect  that  the  special  kind  of  strain  by  which  the  patient 
is  rendered  ill  should  be  represented  in  it.  Such  a  serum  has  been  called 
polyvalent  [better  multivalent. — D.],  but  the  same  expression  has  been 
used  in  an  almost  opposite  sense,  in  that  there  has  been  attributed  to 
individual  sera  (e.g.,  the  diphtheria  serum)  the  ability  to  act  against  all 
possible  infections. 

The  attempts  at  immunization  which  have  so  far  been  brought  in 
application  in  ophthalmology,  relate  to  the  staphylococci,  streptococci, 
pneumococci,  gonococci,  diphtheria  bacilli,  and  yeast.  Of  these  pro- 
cedures only  two  have  up  till  now  proved  certainly  effective,  that  with  the 
dipM]ißü^  serum  by  passive  immunization  and  that  with  tuberculin  by 
active  immunization.  The  diphtheria  serum  hojR  yn^y/^  limited"  appli- 
cation« namely,  in  diphtheria  of  the  <*(iniiinfitiyA  in  which  it  is  success- 
fully employed  both  bv  subcutaneous  injection  and  by  instilJation  into 
the  conjunctival  sac. 

^itberciUin  has  enjoyed  an  extensive  application  in  ophthalmology, 
particularly  through  the  efforts  of  Hippel  Senior.  It  is  used  for  diag- 
nostic and  for  therapeutic  purposes.  Its  diagnostic  application  is  designed 
to  determine  whether  the  patient  is  tuberculous  at  all  and  in  particular 
whether  his  eye  disease  depends  on  his  tuberculosis.  The  former  is  the 
case  if  the  patient  reacts  in  a  positive  way,  i.e.,  with  a  rise  of  temperature, 
to  the  tuberculin  injection;  the  second,  if  a  local  reaction  occurs  in  the 
diseased  eye.  This  local  reaction  may  consist  either  in  increased  inject- 
ion or  in  fresh  exudation;  it  occurs  but  seldom,  and  is  unwelcome,  too, 
since  it  means  an  aggravation  of  the  eye  disease.  It  is  true,  though, 
that  if  a  local  reaction  is  absent,  when  a  general  reaction  is  present,  the 
diagnosis  that  there  is  a  tuberculous  trouble  is  only  a  diagnosis  of  pro- 
bability. 

The  diagnostic  application  of  tuberculin  is  performed  by  injecting 
the  old  tuberculin  of  Koch.  Since  in  positive  cases  this  excites  fever, 
it  is  to  be  omitted  as  superfluous,  if  the  presence  of  tuberculosis  has  been 
already  made  certain  by  the  physical  examination  of  the  patient  or  by 
the  examination  of  the  sputum.  In  other  cases,  we  inject  0.5-1.0  mg. 
beneath  the  skin  of  the  upper  arm.  Before  the  injection,  the  patient 
should  have  his  temperature  taken  every  two  hours  for  two  days,  so 
that  we  may  know  his  ordinary  temperature  curve,  and  then  the  measure- 
ment of  the  temperature  should  be  continued  for  two  days  more.  The 
rise  of  temperature  usually  occurs  before  the  lapse  of  24  hours,  but  some- 
times not  till  later.  If  no  fever  occurs,  after  the  injection,  the  latter  may 
be  repeated  in  larger  dose —  but  never  over  5  mg. — after  48  hours  at  the 
earliest.  Besides  the  rise  of  temperature,  there  frequently  develops,  if 
tuberculosis  is  present,  a  local  reaction  at  the  site  of  injection,  namely , 
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infiltration  of  the  subcutaneous  cellular  tissue  at  the  place  where  the 
ilKTculin  passed  from  the  point  of  the  needle  into  the  tissue.    The  skin 
at  this  place  is  a  little  reddened  and  beneath  the  skin  is  felt  a  hard  and 
rather  tender  spot. 

Other  diagnostic  methods  of  employing  tuberculin  are  the  cutaneous 
methods  in  which  the  tuberculin  is  introduced^  not  beneath  the  skin, 
but  into  it  and  excites  in  the  skin  a  local  reaction  without  causing  fever, 
Ift  Pirquet 's  method  the  epidermis  is  scarified  and  tuberculin  is  placed 
m  it;  in  Moro's  method  a  tubereolin  ointment  is  rubbed  upon  the  intact 
ikin.  Finally  Calmette's  method  consists  in  dropping?  tuberculin  into 
the  conjunctival  sac;  but  since  occasionally  some  not  inconsiderabte 
n'Hirumations  of  the  eyes  have  developed  in  consequence,  this  method 
ua^  iK«en  properly  given  up. 

The  therapculic  application  of  tuberculin  is  performed  by  means  of 
I  iuWutant^us  injections»  for  which  we  take  either  new  tuberculin  (TR), 
'  the  preparation  known  as  bacillus  emulsion.    In  this  method,  in  con- 
ra.Ht  to  what  nbfains  in  the  diagnostic  application,  cure  must  be  taken 
:  the  patient  does  not  get  fever.    We  therefore  }>egifi  with  a  yery  small 
•  and  increase  it,  but  very  gradually ;  and  if  the  patient,  in  spite  of  this, 
i  get  fever,  we  return  to  the  former  smaller  dose,     W(^  begin  with 
which  contains  0.002  ing.  of  the  dry  substance  and  which  in^creases 
by  (\_W2  nitr.  for  each  injection,  and  when  we  get  up  to  0.02  mp;.  incn^aseg 
by  0>()2  mg.  fnr  each  uijoctmn,  the  injections  being  re t>catedjdaily>     In 
a  itnv  cases  we  nave  to  contmue  these  injections  for  many  weclcs  in  or?*»«,^ 
Lto  attain  success. 

Apainst  the  second  widespread  parasitic  disease,  .syphilis,  nc»  immu- 
Ißiiing  procedure  has  so  far  been  found.  Fortunately,  in  mercury  [arse- 
ljiic.e3^jM*cialIy  salvarsanl  and  iodine  we  possess  specifically  acting  agents 
|witlr  which  to  combat  this  disease. 
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CH.\PTER  I. 
OBJECTIVE  EXAMINATION  OF  THE  EYES, 

The  examinÄtion  of  a  patient's  eyes  is  begun  after  ascertaining  the 

history  of  the  caseL  la  making  this  examination  too  much  stress  can  not 
W  kid  upon  the  necessity  of  proceeding  systematically,  since  othenvise 
matters  of  imfx>rtance  may  very  readily  Iw  overhwked.  We  first,  tliere- 
farr.  take  a  survey  of  the  patient's  appeoratiee  in  general,  as  well  its  of  the 
«aqin-Sfiion  of  his  eyes  and  countenance;  then  we  examine  the  eyes  them- 
Aplvt«,  and  in  so  doing  proceed  successively  from  the  superficial  parts- 
fids,  r  Mva,  and  cornea— to  the  deeper  portions. 

1  ;    rt  to  the  lidSf  there  are  to  l)e  considered  their  position  and 

ino}>ility,  the  \^idth  of  the  fissure  between  them,  and  the  way  they  shut 

tpgrther.    The  character  of  the  skin  lining  the  hds  is  examined,  and  espe- 

eialty  at  their  margins,  where  pathological  changes  are  most  often  found. 

Apart  from  the  symptoms  of  inflammation,  which  is  very  apt  to  l>e  local- 

\»d  at  the  borders  of  the  hds,  the  things  that  we  must  look  for  are  whether 

the  palpebral  edges  have  not  possilily  lost  their  sharply  defined  form  and 

outline,  w^hether  the  cilia  are  correctly  placed,  and  also  whether  the  puncta 

'dip  properly  into  the  lacus  lacrimalis.     At  the  same  time,  we  must  not 

negii-ct  to  investigate  the  region  of  the  tear  sac.    Should  simple  inspection 

disclose  no  alteration,  it  is  yet  often  possible»  by  pressure  with  the  fingers 

in  tbi«  re^on,  to  make  the  contents  of  the  diseased  sac  exude  through  the 

puncta.     Furthermore  we  ascertain  whether  the  small  lymph  gland  in 

_front  of  the  ear  is  perceptible  to  the  touch  and  is  sensitive  to  pressure. 

The  examination  of  the  effehall  itself  is  often  rendered  very  difficult 
strong  spasm  of  the  lids — blepharospasm.  This  is  especially  tiie  case 
in  chihb-en  who,  the  more  the  physician  attempts  to  draw  the  lids  apart, 
^ueeze  them  the  more  tightly  together.  In  these  cases  the  forcible 
r[»paration  of  the  lids  calls  for  the  greatest  caution,  since,  if  this  is  not 
obsi^rved,  and  a  deeply  penetrating  ulcer  is  present^  it  is  easy  to  cause 


*  In  Ukrag  th*  history  inquiry  should  be  madv  for  the  n  nrious  symptoms,  such  as 
inCffASiHl  scfTi'tinn,  rfnlni^ss  of  thf  eye,  pum,  a^sthenopia,  headache,  vertiKO,  blurred 
ft,  diplopia,  metamorphop«$a,  heatbtiUini;,  etc.,  likely  to  occur  in  eye  db^tases  (see 
42-50),  and  also  for  the  pr^ence  of  any  of  the  possible  causal  factora  (ajiven  on 
1 21-41— D. 
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a  sudden  perforation  of  the  cornea,  nay,  even  the  extrusion  of  the  lens 
from  the  eye.  By  dropping  a  solution  of  cocaine  between  the  slightly 
parted  lids  we  try  to  diminish  their  sensitiveness;  and  for  separating 
the  lids  we  can,  with  advantage,  use  Desmarre's  elevator  (see  Fig.  3), 
with  which  we  shall  less  readily  inflict  an  injury  than  we  should  do  if, 
by  using  the  fingers,  we  exerted  too  great  a  pressure  upon  the  eyeball. 
Finally,  in  many  cases  it  is  only  by  means  of  general  narcosis  that  we 
can  obtain  a  sufficiently  satisfactory  view  of  the  eyes.  In  spite  of  all 
these  difficulties  we  should  not  be  deterred  from  insisting  upon  an  exact 
examination  of  the  ey^s  at  the  patient's  first  visit,  in  order 

Tto  establish  the  diagnosis  and  prognosis  and  to  determine 
the  treatment.  [The  best  way  to  examine  a  small  child  is 
to  put  it  on  its  back  in  the  lap  of  the  mother  or  an  assist- 
ant, who  is  seated  opposite  the  examiner  and  who  controls 
the  child's  arms,  legs,  and  body.  The  examiner,  who  is 
also  seated,  secures  the  child's  head  by  gripping  it  tightly 
between  his  knees.  The  child  is  thus  rendered  perfectly  im- 
mobile, and  the  examiner  has  both  hands  free  to  evert  the 
lids,  concentrate  light  on  the  eye,  make  applications,  or  do 
anything  else  that  is  necessary. — D.] 

In  regard  to  the  eyeball  itself,  we  must  first  satisfy  our- 
selves whether  its  situation  in  the  orbit,  its  position  with 
respect  to  the  other  eye,  its  size,  and  its  mobility  are 
normal  or  not. 

The  conjunctiva  of  the  lids  can  be  brought  into  view  by 
everting  the  latter.  With  the  lower  lid,  it  is  sufficient  for 
this  purpose  simply  to  draw  it  down,  while  the  patient  is 
told  at  the  same  time  to  look  up.  [If  in  pulling  the  lid 
down  we  make  slight  pressure  against  it  below  with  a  some- 
what rolling  movement,  so  as  to  revolve  the  lid  forward, 
not  only  will  the  lid  itself  be  everted,  but  the  retrotarsal 
fold  will  spring  up  and  come  into  view. — D.] 

With  the  upper  lid,  eversion  requires  a  certain  degree 
of  skill,  which  must  be  obtained  by  practice.    It  is  the  more 
important    to  acquire  this  facility,  since  it  is  just  the  con- 
[Fio.'s.— D.]     junctiva  of  the  upper  lid  that  generally   affords  the  best 
evidence  for  the   diagnosis   of   conjunctival   diseases:   the 
thickening   of   the   conjunctiva,    the    uneven    surface,    the   formation 
of  cicatrices,  which  are  characteristic  of  trachoma,  are  here  most  easily 
to  be  perceived.    Further,  the  eversion  of  the  upper  lid  is  very  frequently 
necessary  for  the  removal  of  foreign  bodies.    [To  evert  the  upper  lid  we 
divect  the  patient  to  look  down,  grasp  the  lashes  between  the  thumb 
«ad  finger,  and  draw  the  lid  down  and  somewhat  away  from  the  eye- 
low.    When  the  lid  is  well  on  the  stretch,  we  place  a  pencil  or  similar 
Sieet  lengthwise  in  the  groove  beneath  the  brow  and  just  above  the 
^mu    With  the  fingers  that  grasp  the  lashes  we  turn  the  lid  sharply 
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ird  and  upward,  keeping  it  on  the  stretch  all  the  time  and  revolving 
E>n  the  pencil  as  a  gate  on  its  hinge. — D,] 
In  the  examination  of  the  corncüf  besides  a  careful  inspection  with  a 
magnifier,  such  as  Hartnaek's  spherical  loupe  or  Zeiss 's  binocular 
p,  which  Iatt€*r  is  used  in  the  clinics*',  there  are  two  main  arti- 
fioes  in  use, — examination  of  the  corneal  reflex  and  lateral  illuinination. 
To  examine  the  corneal  reflex  signifies  nothing  more  than  to  direct  the  eye 
in  such  a  manner  that  the  reflection  of  a  window  placed  opposite  it  is  visi- 
upon  tiie  cornea  (Fig*  77).    By  causing  the  eye  to  follow  the  move- 


-^ 
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[Fio»  -I, — ^BvnoBR's  BiNorPi-AR  Loupe  with  Electric  Attachment. — D,] 


nts  of  a  finger  held  l^efore  it,  the  reflection  h  brought  successively  upon 

Bfferent  portions  of  the  corneal  surface,  of  whose  curvature  and  smooth- 

we  in  this  manner  obtain  an  impression,    [See  also  §  28.] 

Lateral  [or  oblkjxie]  iUumuiaium  consists  in  the  concentration  of  light 

on  a  certain  portion  of  the  cornea  by  means  of  a  convex  lens.     This 

ttportant  method,   although   already  employed  by   Himly,   Mackenzie, 

ttd  Sanson,  was  yet  very  little  known  formerly,  ami  first  obtained  general 

rency  through  the  efforts  of  Helmholtz.     A  light  {candle  or  lamp) 

placed  beside  and  somewhat  in  front  of  the  patient.      [See  Fig.  5.] 


^ *fOther  eoftie«!  Tnirnrt'cnpei  »rc  thow  of  CaÄp>ki  and  Howe.    Tbc  binocul&r  loupe»of  Jaekji'On  and 
Xßtt  wluchar  ro  th*^  observer's  fureheatl  by  ii  head  baml,  have  tliegivnt  ttd^'untagi*  of 

J  hcvtii  hn-fid^  rver  [«m^,  .iiid  henof  art*  purtiouljirly  UHc^fiil  for  find iug and  removing  for- 

ibodii«.     Anvr  Mj^atirror  of  bet]  nerve»  the  «Juiie  purpose  very  aceeptably. — D»l 


74 


TEXT-BOOK  OF  OPHTHALMOLOGY. 


Then,  by  the  aid  of  a  strong  convex  lens  (of  15-20  D ),  the  rays  are 
concentrated  to  a  cone  of  light,  whose  apex  is  made  to  fall  upon  the 
portion  of  the  comea  to  be  examined.  This  method  is  designated  as 
focal  illumination,  because  the  point  to  be  illuminated  is  brought  into 
the  focus  of  the  lens.  This  point  stands  out  with  special  distinctness 
because,  on  the  one  hand,  a  great  quantity  of  light  is  concentrated  upon 
it,  and  because,  on  the  other  hand,  the  parts  immediately  surrounding 
it  remain  almost  completely  in  darkness.  On  this  latter  ground,  lateral 
illumination  gives  the  most  advantageous  results  if  in  its  application 
the  room  is  darkened.    By  lateral  illumination  we  can  recognize  opaci- 


[FiQ.  5. — Oblique  Illumination  (after  Poset  and  Wright). — D.J 


ties  in  the  cornea  which  are  perceptible  in  no  other  way.  The  iris,  too, 
and  the  lens  as  well,  can  be  examined  in  this  way  by  varying  the  depth 
to  which  the  light  is  projected.  By  so  doing  we  have  not  merely  the 
advantage  of  getting  very  sharp  images,  but  also,  from  the  fact  that 
we  can  at  will  vary  the  depth  to  which  the  apex  of  the  conical  sheaf 
of  rays  is  projected,  we  get  information  as  to  the  depth  at  whrch  the 
changes  that  we  observe  are  situated.  [In  applying  oblique  illumination 
it  is  well  to  employ  two  lenses,  one  of  from  two  to  three  inches  focal 
distance,  held  in  one  hand,  to  concentrate  the  light,  the  other,  held  in 
the  other  hand,  to  magnify  the  image.  By  carefully  focusing  the  two 
lenses  and  by  making  slight  shifting  movements  with  the  condensing 
lens,  we  get  the  most  accurate  idea  of  the  outlines  of  opacities,  the 
markings  of  the  iris,   and  other  important  details. — D.]     A  handier 


OBJECTIVE  EXAMIXATIOX  OF  THE  EYES. 


75 


metbod  of  lat<*ral  illumination  h  furnished  by  the  lamp  uf  Priestley  Smith. 
Thb  carries  in  its  center  a  small  candle  as  a  source  of  lij^ht ;  a  strong  con- 
vex  lens  let  into  the  side  of  the  lamp  serves  for  the  production  of  the  cone 
of  Kght,  (For  examining  the  surface  of  the  cornea  it  is  often  advantageous 
to  US41  oblique  illumination  by  daylight  The  patient  witli  his  head  thrown 
k  reclines  in  a  chair  facing  a  wintlow,  and  the  observer  stands  !>e- 
L..._  _.:!!,  focusing  the  daylight  on  the  cornea  with  a  lens  and  examining 
the  cornea  from  above  with  a  strong  magnifying  gla.s8.  If  the  lenses  are 
f  *  accurately  on  the  surface  of  the  cornea  so  as  to  bring  to  view  the 

mucus  on  it,  and  the  patient  then  moves  his  eye  about,  tlie  finest 
abra^Hions  and  also  the  slightest  deformations  of  the  corneal  reflex  (see 
§  28)  can  be  mad«  out  with  ease. — D.] 

Besides  examining  the  appearance  of  the  cornea  we  have  abo  to  ex* 
amine  it*  sensitiveness,  which  is  twst  done  by  touching  it  with  the  point 
of  ft  thread. 

The  anterior  cJiamber  must  be  examined  more  es|XHnally  in  respect  to 
its  depth— that  is,  whether  it  is  shallower  or  deeper,  as  a  whole,  or  whether 
posBobly  it  is  of   unequal   depth.     Further,  we   look  for  any  abnormal 
wliich  may  be  present  in  the  chamber,  sucli  as  an  exudate,  bloodi 
fKxhes,  etc. 
In  the  iris  its  color  as  well  as  the  clearness  of  its  markings  must  be 
obeerv*cil     Special  attention  nuist  be  paid  to  the  margin  of  the  pupil, 
which  should  be  examined— if  need  be,  with  the  aid  of  a  loupe — f*tr  irreg- 
ularities (adhesions).    In  doubtful  cases,  in  order  to  ilecide  whetlier  a<lhe- 
aons  are  present,  a  mydriatic  (homatropine,  atropine)  should  be  instilled, 
lAt  the  same  time  we  notice  whether  the  iris  quivers  as  the  eye  makes  a 
[iudden  movement.    Then  we  determine  whether  the  pupil  is  round,  wiiether 
[fls  width  is  normal  and  equal  to  that  of  the  other  eye,    (If  the  pupil  is  of 
[abnonnal  si«©  we  do  not  neglect  to  inquire  whether  possil)ly  some  drug  has 
been  put  into  the  eye  which  has  caused  an  artificial  alteration  of  the 
[pupil.)    Moreover,  we  see  whether  the  pupil  is  centrally  placed  and  of  a 
[dear  black.    Finally  we  investigate  the  reacthn  of  the  pupiL    In  order  to 
[determine  the  reaction  to  light,  we  have  the  patient  look  tcjward  the  win- 
(or  if  we  are  making  the  examination  by  artificial  light  we  pla<*p  him 
*n  lamp  and  direct  him  to  look  into  the  distance).     At  the  same  time  we 
make  him  cover  the  other  eye  with  his  hand.     We  then  cover  with  our 
lOHTi  hand  the  eye  that  is  being  examined,  and  observe  whether  the  pupil 
[contracts  when  the  hand  is  suddenly  \\ithdrawn.     Tlie  light  reacllon  of 
[the  pupil  becomes  still  more  clearly  visible  if  we  p<^rform  the  test  in  a 
fdark  room,  where  after  first  shading  the  eye  we  suddenly  concentrate  the 
lamp-light  with  a  strong  convex  lens  upon  the  pupil,  just  as  is  done  for 
j  focal  illumination.     [In  doing  this  it  is  important  thut  the  patient  look 
litraight  at  the  light,  the  eye  not  under  examination  being  shaded.     The 
[olÄscn^er  standing  to  one  side  and  watching  the  eye  with  a  magnifying 
focuses  the  light  right  on  the  center  of  the  cornea  with  another  lens 
^it  suddenly  between  the  eye  and  the  light.     If  the  faintest  light 
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reaction  is  present,  the  pupil  will  be  seen  to  contract.    On  the  other  hand, 
there  viill  be  no  reaction  for  accommodation  or  convergence,  for  the  patient 
will  have  before  his  eye  nothing  but  a  blaze  of  light  which  by  no  possibility 
can  form  a  clear  image  on  his  retina,  so  that  he  will  make  no  attempt  to 
focus  it.^D.]    The  contrairtion  of  the  puDÜin  the  illuminated  eve  result-    I 
ing  from  the  incidence  or  light  uport  it  is  the  direct  reaction,  the  j^TthuI-    ' 
taflgSus  ^ny-|[^Rctj^lj|  in  f  }^e  popjl  ot  the  other  eye  is  the  eonsensiial  reaetion. 
If  the  direct  rea_ct ion  is  m^uttigigpt.  meinAiimi^iiynev  nii|^v  be  due  either  to   M 
deficient  ligK^erceptiun,  or  to  changes  in  the  iris  or  its  nerves  (adhesions«    1 
paralysis,  etc  J.     ^Hiicnof  these  is  the  case  can  l>e  cjeeided  by  mt^aiLs  of 
the  consensual  reaction,  provided  the  other  eye  is  healthy.    The  eonsen- 
sual  refll'TlWfHs  lesied  in  two  ways:  (o)  while  alternately  shadinjz  and  illn- 
minating  the  test  eye  we  follow  the  movemfiits  of  tbe,|iupi]  |n  jt^Tfellövy. 
^  If  the  latter  remains  immobile  this 

proves  deficient  light  perception  [or  ■ 
rather  defective  light  conduction] 
in  the  former,  (5)  We  alternately 
shade  and  illuminate  the  pupil  of 
the  [reacting]  fellow  eye  and  look 
for  a  reaction  of  the  pupil  in  the 
test  eye.  If  such  reaction  is  absent 
the  absence  must  be  attributed  to 
changes  in  the  iris  of  the  test  eye. 
The  contraction  which  takes 
place  in  the  pupil  when  sudtlenly 
exposed  to  light  is  succE'eded  by 
dilatation,  and  this  uiay  occur  so 
quickly  that  the  primary  contrac- 
tion escapes  us, — DJ 
Of  the  lern  we  see  under  ordinary  circumstances  only  the  small  por- 
tion of  the  anterior  surface,  which  lies  free  in  the  pupiL  If  we  wish  to  ex- 
amine the  lens  more  extensively,  we  dilate  the  pupil  with  homatropine 
[or  cocaine]  and  use  lateral  illumination.  As  long  as  the  lens  is  etill  trans- 
parent, the  ophthalmoscope  gives  us  the  best  conclusions  in  regard  to  its 
constitution.  Whether  the  lens  is  present  in  the  eye  at  all  or  not  can  be 
determined  by  investigating  the  Purkiiije-Sanson  reflex  im^iges.  If  a  can- 
dle is  placed  before  the  eye  and  somewhat  to  one  side  of  it.  two  l>nlliant 
retiection^irJ^rog^rV&d.  Une  ot  ihese  at  once  attracts  our  attention  by 
its  size  and  brilliancy;  it  is  the  ennieaL )'^fl*^>: — thßf.  \s,  the  erect  image  of 
the  flame  reflected  from  the  anterior  surface  of  the  cornea  (Fig  6,  a).  It  is 
this  reflex  which  even  from  a  distance  is  visiljle  in  every  eye,  and  gives  to 
the  latter  its  lire  and  luster.  The  second  reflex  is  quite  as  bright,  but  so 
small  that  we  ha^-e  to  search  for  it  in  orWer^o  find  it.  It  represents  the 
very  ^malUn^Tterj  intake  of  the  flame  which  is  reflectet]  [rnn\  th?pqS^ 
teripr  surface  oV  Tfff  k'-ns  (pf,>f^|fpor  lentieniar  retlex.  Fig.  6^  cL  It  is  dis- 
tinguished  by  moving  in  the  contrary  sense  to  the  source  of  light  when  the 


TO,  6. — Pc»Ki.\JE-SA.N5inN'!j  RerLtx  iMAoeii. 

The  black  circlo  repr(?wnt9  the'  dilated  pupil  of 
th«  eye  ibat  i»  being  tested.  Tbfr  cutidk*  n»ine  \a 
»ii(>po»ed  to  be  to  tlie  nigbt»  the  ob  server 'a  eye  to 
th**  left  of  the  pupiL  a.  iiiiagü  ffiriued  by  tbc 
acilitrior  mirfiicf  of  the  rornea.  6,  image  formed 
by  thf  at]  t  er  (Of  eurfnre  of  the  len«.  r^  iiiiaKe 
fkinneil  by  the  posterior  üurface  of  the  lenü?. 
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positiofi  of  the  latter  is  shifted;  if  the  candle  is  depressed,  the  shining  point 
rises,  and  vice  versa,  in  opposition  to  the  corneal  reflex,  which  moves  in 
tto  smine  sense  as  the  candle  flame.  It  is  this  posterior  lenticular  image 
that  is  used  in  doubtful  cases  to  demoa^^trate  the  presence  of  the  lens  ia 
the  eye.  If  the  image  is  yrWM^  thp  Iph^  is  nr^^nt:  if  ^.he  imügP  is  not.  1 
leen^  eithgrJiiC-kBaJia-aligent  from  its  place  or  ek^Jii^  more  or  less  opac^e,  _ 
0a  diat  a  reflection  caf7n^mIge^5etIeveloped  on  its  posterior  surface, 
(Fig,  6  also  shows  a  third  reflex  imtige,  b,  placed  lietween  the  other  two 
and  originating  from  the  anterior  surface  of  the  lens.  The  latter  gives  an 
CTPct  image  larger  than  the  others,  but  so  faint  that  it  can  be  made  out 
only  with  difficulty.) 

Finally,  before  proceeding  to  an  examination  with  the  ophthalmo- 
scope, the  tension  of  the  eye  is  to  lie  tested.  The  eye  is  closed  and  palpa- 
tion 18  made  by  means  of  the  two  index  fingers,  which  are  placed  upon  the 
upper  lid.  Here,  as  in  all  the  previously  mentioned  methods  of  examina- 
tion, the  best  measure  for  any  variation  from  the  normal  is  obtaineil  by  a 
comparii^n  with  the  other  eye,  it  being  presupposetl  that  the  latter  is 
healthy.  For  precise  measurement,  and  particularly  in  doubtful  cases, 
I  the  use  of  Schiotz^s  tonometer  is  indicated  (page  20). 

Examination  with  the  Ophthalmoscope  (Ophthalmoscopy). 

The  invention  of  the  ophthalmoscope  by  Helmholt z  in  the  year  1851 

one  of  the  most  l^eneficent  achievements  in  modem  medicine.  It  has 
made  the  interior  of  the  eye  accessible  to  investigation;  blood-vessels  and 
nerves,  which  in  the  rest  of  the  body  are  exposed  only  by  surgical  manipu- 
lation, here  lie  unveiled  before  us  and  permit  us  to  study  their  minutest 
variations.  In  ophthalmolog>%  the  ophthalmoscope  has  produced  a  com- 
plete revolution,  since  it  has  thrown  light  into  the  dark  region  of  what  was 
formerly  called  black  cataract,  and  has  acquainted  us  with  the  manifold 

id  processes  which  lie  at  the  root  of  this  dreadetl  malady.  Many  of 
proceflses,  if  diagnosticatetl  correctly  and  in  time,  would,  at  the  pres- 
ent day,  receive  successful  treatment.     Furthermore,  in  general  medicine 

ophthalmoscope  has  become  an  indispensable  aid  to  diagnosis,  since 
internal  disorders  produce  characteristic  changes  in  the  fundus  of 

eye. 

Principle  of  the  Ophthalmoscope. — In  order  to  see  the  fundus  of 
an  eye,  we  must  throw  light  by  the  aid  of  suitable  apparatus  through 
the  pupil  and  upon  the  fundus,  and  receive  the  light  reflected  from  the 
latter  into  our  o^ti  eye  and  unite  the  rays  to  form  a  sharp  image.  In 
the  original  ophthalmasco|>e  of  Heimhol tz  this  end  was  obtained  in  the 
following  way:  Before  the  eye  under  investigation  (A,  Fig.  7)  a  glass 
pkte,  P  P,  is  placeil  in  an  oblique  position.  A  source  of  light,  L,  placed 
to  OS»  side  of  the  eye,  throws  upon  the  glass  plate  rays,  part  of  w^hich 
are  reflected  at  the  surface  of  the  plate  and  pass  through  the  pupil  into 
the  eye,  A.  The  rays  reflected  from  the  fundus,  o,  arrive  once  more  at 
the  glass  plate  and  are  there  in  part  reflected  to  the  source  of  light, 
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L,  while  another  part  goes  through  the  glass  plate  and  enters  the  ob- 
server's eye,  B,  which  unites  the  rays  upon  its  retina  into  a  sharp  image, 
6.  In  order  to  increase  reflection  at  the  surface  of  the  plate  and  thereby 
illuminate  the  background  of  the  eye  more  intensely,  Helmholtz 
placed  three  such  plates  one  behind  the  other.  A  later  modification 
consisted  in  increasing  the  reflecting  power  of  the^lass  plate  by  lining 
its  posterior  surface  with  a  mirror  coating^  a  round  hole  through  the 
plate  or  at  least  through  the  mirror  coating  enabling  the  observer  to 
see  through  it.  Of  this  sort  are  the  coated  plane  or  weakly  reflecting 
mirrors,  we  use  today;  while  we  apply  the  term  ''strongly  reflecting'' 
to  concave  mirrors,  which  also  are  coated  and  are  perforated  through 
the  center  (first  employed  by  Ruete).  These,  from  the  fact  that  they 
render  convergent  the  rays  springing  from  the  source  of  light,  throw  a 
still  greater  quantity  of  light  through  the  pupil  into  the  observed  eye. 


P 

Fia.  7. — Principle  op  Helmholtz's  Ophthaliioscopb.  ' 

A  device  is  placed  on  the  posterior  surface  of  the  mirror,  which  renders 
it  possible  to  bring  different  sorts  of  lenses  before  the  aperture.  In  this 
way  it  is  possible  to  give  the  rays  of  light  which  fall  into  the  observer's 
eye  any  path  that  may  be  necessary  in  order  to  unite  them  into  a  sharp 
image  upon  the  retina.  [Instead  of  having  a  separate  light  as  a  source 
of  illumination  we  may  attach  a  minute  electric  lamp  to  the  ophthal- 
moscope itself.  These  electric  ophthalmoscopes  (see  Fig.  8)  give  a  very 
clear  view  of  details  and  frequently  -may  be  used  where  the  ordinary 
ophthalmoscope  is  difficult  to  manage  e.  g.,  when  the  pupil  is  small, 
or  the  patient  is  restless,  or  when  the  examination  has  to  be  made  with 
the  patient  lying  flat  in  bed. — D.] 

Method  of  Examination. — The  examination  is  conducted  in  a 
darkened  room.  The  patient  sits  opposite  the  physician,  and  has  on  the 
side  of  the  eye  to  be  investigated  a  lamp  as  a  source  of  light.  Then 
there  are  two  different  methods  to  be  employed  for  seeing  clearly  the 
fundus  of  the  eye.  In  order  to  make  the  explanation  of  them  simpler, 
we  first  presuppose  that  both  the  patient  and  the  physician  have  a  normal 
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— I»rinf'«  ftphlhiilmo«iM>ppe:  front  vtpw.    The  plrjoraivd  mirror  in  thii  fate  i«  rut  into  fi  quAtt-» 

»hnpr.  ***  thnr  f»  i~nTi  hf*  rr»tnt<*d  dliffhtly  from  «f  tt  lo  side  {lilting  mirror).     This  ia  U»  iiiAke  the 

hr  direct  metbt^     The  lower  dimk  contuini  &  i«ri«J  of  icuuM 

the  fiDxer  oa  ÜMlerratod  cdf«  of  the  diftk.  ao  ih&t  »oy  demrxHl 

hole.    Vtuany  tJkfrc  i«  added  ■>  quadrünt  on  the  back,  contjun- 

'  *    v-tuci  r>4  (UK  ftnp«  TuupoAed  over  th|)|<?  in  the  revolvtag  disk  loake  r  grv«t  VAiioty 

T  modilirAtmn  of  Dennett*»  electric  iA>()tha]ino«crop(^. 

Mhthnlmoacope«  rear  view,  KhowiAt«  the  ehain  of  lenie»  and  the  miH-haniftni  by 
«ion  can  be  brought  in  front  of  tjv  Jught-bole  in  the  difk  at  tbe  top  which  cow 
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the  light  of  the  lamp  into  the  pupil  of  the  observed  eye,  he  will  immedi- 
ately get  a  clear  view  of  the  patient's  fundus.  For  (Fig.  11)  a  certain 
portion  of  the  fundus  of  the  eye,  A,  is  illuminated  by  the  mirror,  S  S. 
The  rays  reflected  from  any  point,  as  a,  of  this  illuminated  region  of  the 
retina,  leave  the  eye  in  a  parallel '  direction,  pass  through  the  central 
aperture,  o  o,  of  the  mirror,  and  fall  into  the  observer's  eye,  B.  Here 
they  are  again  united  at  a  single  point,  b,  upon  the  retina  of  this  eye, 
so  that  here  there  is  produced  a  sharp  image  of  the  point  a.  Since  the 
same  process  is  repeated  for  all  the  other  points  of  the  illuminated  r^on 
of  the  retina  of  the  eye,  A,  a  sharp  image  of  this  portion  of  the  retina  is 
formed  in  the  eye  of  the  observer. 

The  examination  with  the  inverted  image,  or  by  means  of  the  tn- 
direct  method  (Ruete),  is  conducted  with  the  aid  of  a  strong  convex 
lens  of  about  six  cm.  focus.  This  lens,  L  (Fig.  11),  is  held  at  a  distance  of 
about  six  [seven]  cm.  from  the  eye  (A)  under  examination.  [See  Kg.  10.] 
The  fundus  of  this  eye  is  now  illuminated  by  means  of  the  mirror  S  S. 
The  rays  reflected  from  the  illuminated  region,  a,  of  the  retina  pass  out 
in  a  parallel  direction,  fall  upon  the  lens  and  are  muted  at  the  focus,  /. 
of  the  latter.  Thus  there  is  formea  at  this  spot  an  image  of  the  point  a. 
In  like  manner  images  from  the  other  points  of  the  illuminated  region  of 
the  retina  are  produced  in  the  focal  plane  of  the  lens,  so  that  there  is 
formed  here  an  inverted  image  of  this  portion  of  the  fundus.  The  ob- 
server's eye,  B,  now  through  the  aperture,  o,  of  the  mirror  examines 
this  image  at  the  ordinary  reading  distance  (about  thirty  cm.),  for  which 
pvjpose  the  observer,  unless  he  is  myopic,  must  use  a  certain  accom- 
modative effort  or  else  a  corresponding  convex  glass  [which  he  does  by 
revolving  the  ophthalmoscope  disk  until  a  2  or  3  D  convex  glass 
stands  before  the  aperture]. 

Each  of  these  two  methods  has  it  advantages.  The  erect  image 
is  highly  magnified — about  fourteen  times — as  opposed  to  the  inverted 
image,  which  is  magnified  but  little  (about  four  times).  The  direct 
method  is  therefore  particularly  adapted  for  the  recognition  of  the 
finer  details.  The  indirect  method,  on  the  other  hand,  affords  a  larger 
field  of  vi^w^  and  «therefore  gives  a  better  general  prospect.  The  indirect 
method  jgivesV^nlore  luminous  image,  and  hence,  when  the  refracting 
media  are  tQfDid,  will  still  render  the  fundus  visible  when  it  is  no  longer 
to  be  seen  yi  the  direct  image;  and  in  myopia  of  high  degree  the  in- 
direct methffi  is  the  only  one  practicable.  In  most  cases,  both  methods 
are  applicable,  and  then  it  is  advisable  to  conduct  the  examination  with 
the  aid  of  both. 

[The  amount  of  magnification  produced  with  the  indirect  method 
depends  on  the  strength  of  the  condensing  lens  that  is  used.  If  we 
employ  a  lens  of  two  inches  focal  distance  the  details  of  the  fundus 

'  (Parallel,  because  if  the  eye  is  emmetropic,  i.  e.  focuses  parallel  rays  upon  its  retina,  then,  aooord- 
\txg  to  the  principle  of  oonjusate  fod,  rays  emanating  from  the  eye  will  also  be  paralläTüeing  parallel, 
such  rays  will  also  be  focused  sharply  by  the  observer's  eye,  which  is  also  emmetropio.— D.] 
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magnified  only  two  or  three  times.    To  compensate  for  this  we 
l"frt  a  very  wide  general  view  of  the  fundus.     If  we  use  a  lens  of  three 
or  four  inches  focal  difstance  we  get  a  much  higher  magnification — indeed 
fte  that  approximates  to  that  with  the  direct  method.    In  all  cases  the 
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B  S  A 

Fio.  II. — Qpirrn.iLMOBcopic  Ex^minatiox  with  the  Erect  Image, 

The  tyet  ^rv  drawn  of  ttie  nut  urn!  tize  of  Rfi  emmctropie  «ye  hnvnoj;  on  ikxied  lentrth  of  24  mm. 
1Wf«3^  ihmi  uro  reäioctcM^l  (mm  thu  mirror,  -S  »S«  iwto  the  patieni'*  eye  ure  uat  sbown«  but  only  the 
)  from  the  Utter« 

km  ought  to  be  held  so  that  its  focus  is  about  half  an  inch  in  front  of 
the  eye;  thut  is  a  four  inch  lens  should  be  held  four  and  one-half  inches 
[from  the  eye,  etc.  If  the  lens  is  so  held,  the  distortion  of  the  details 
by  astigmatisin  is  reduced  to   the  nünimum.     The   corneal 
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Pro,  la.-'^i'imiAt.MoecaFir  ExuwryATioif  wim  tkk  Ihvcktcu  Iuaoe. 

-Timtn»tinii  of  tU«*  fundti*  i*  iifcomT»li-*>i*Hl  by  mean«  of  the  ^nur^v  of  liglu,  f,.  from  «vhich 

V»,  4,  fiklU  utHtn  \Ue  mirror,  ^ST  S.  anfl  frnm  ihis  i*.  thrown  imlo  thv  vye,  A.     In  onJer  not  to 

vpr«»eut»tiot),  these rmy»  are  aot  !»howa.  but  only  thoM;  which  psui»  out  of  the  eye,  A,  ftgain. 


eflex,  which,  the  beginner  finds^  interferes  a  good  deal  with  his  view 
o(  the  fundus  when  he  is  using  the  indirect  method,  can  be  got  out  of 
the  way  by  a  slight  tilting  of  the  lefts.— D.] 

LrMixosrrr  of  the  Püph.. — Under  ordmary  circumstance«  the  pupil  appeari 

This  was  formerly  ascribed  to  the  absorption  by  th<?  dark  btickground  of  the 

.^  of  ftl]  the  light  entering  the  pupil  from  the  outaide.    In  reality,  however,  the  eauae . 

thin  phenomenon  is  as  follows:    If  (Fig,  13)  light  from  a  sourre  of  light,  L,  enters^ 

I  «jne,  4,  anti  the  latter  is  accurat/ely  focused  for  the  stjurce  of  light,  the  raya  coming 
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from  L  are  united  to  form  a  sharp  image  upon  the  retina  at  I.  L  and  I  are  called  conju- 
gate foci.  For  these  the  law  holds  good  that  they  can  be  substituted  for  each  other — 
that  is,  if  the  rays  should  start  from  the  posterior  focus,  I,  they  would  come  together 
again  at  the  anterior  focus,  L.  Accordingly,  the  rays  reflected  from  the  illuminated 
portion  of  the  retina,  2,  are  retiuned  to  the  source  of  light,  L,  and  could  be  seen  by  an 
observer  only  in  case  the  latter  was  in  identically  the  same  spot  as  the  source  of  light. 
The  solution  of  this  problem  is  another  of  the  discoveries  that  we  owe  to  the  genius 
of  Helmholtz.  *, 

The  conditions  are  different  when  the  eye  is  not  focused  for  the  source  of  light 
before  it.  Suppose,  for  example,  that  the  eye  is  hypermetropic  (Fig.  14).  Then  the 
rays  springing  from  the  illuminated  portion  of  the  retina,  ?,  leave  the  eye  as  a  divergent 


^' 


FiQ.  13. — Path  of  the  Rays  when  the  Eye  is  Focused  for  the  Source  of  Light. 


beam,  so  that  only  a  part,  of  the  rays  are  returned  to  the  source  of  light,  L,  while  another 
•    part  -pajifes  to  the  side  of  the  latter  and  can  be  seen  by  an  observer  stationed  near  it. 
^^^Sience  comes  the  striking  luminosity  of  the  pupil  in  so-called  amauroticcaLl&^ve  (see 
§  99)n''"^'fWWrfHBn'RWISr^5^P?RS^^  by 

the  pushing  forward  of  the  retina.  In  like  manner,  hiT^^ftgj^v  is  frequently  apparent 
in  eyes  whid^  jire  deprived  of  their  Igns  bvjthe-QPer^ljyj^  for  cataract  and  are  therefore 
stronglyTiyperfnetropic.  Ihe  enlargement  of  the  pupil,  which  is  at  the  same  time 
present,  and  which  is  due  to  the  iridectomy,  renders  it  still  easier  to  observe  the  lumi- 
nosity.   The  luminositv  of  ^l^e  eyes  of  many,  beast«,  especially  the  Carnivora,  is  also 


^V 
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FiQ.  14. — Explanation  of  Luminosht  of  the  Eye. 

The  source  of  light.  L,  throws  the  conical  beam  of  rays,  k,  into  the  eye.     The  further  courae  of 
these  rays  is  not  shown  in  the  figure,  but  only  that  of  the  rays  reflected  from  the  retina  at  /. 


prmptronio  rhawirtpr 


it;!J>i'it.:ff^r^:^n»tJ:%gg;M 


fed  tai 


lefraction.  although 
tum)  in  the  chorioid 

in  a  different  way. 
tliroughTB?unpig- 


in  nitrt  to  hft  fliifjril^  to  the  hvpei 
here  the  presence  of  ä  stronglyj^^ 
of  these  eyes  contributes  to  this  resul 

The  luminosity  of  the  pupils  of  albing§a^siS£^^i^^ 
In  sucli  ey^TTSlfSffTpSSfrflWTnl^TT^ugh  the  pupil,  but 

mented  iris,  and  even  througli  the  sclera.  Accordingly,  in  these  eyes,  not  simply 
limited  district  of  the  retina,  but  the  whole  fundus,  is  flooded  with  diffused  light;  and 
therefore  rays  from  the  different  portions  of  the  fundus  pass  out  of  the  pupil  in  every 
direction  and  can  vor\'  readily  he  caught  up  by  the  observer's  eye.  That  this  explana- 
tion is  the  correct  one  is  proved  by  the  fact  thaQhe  pupil  of  an  albino's  eve  Inokn-Llarilf 
as  soon  as  we  hold  l)eforethceyean  opaque  s^^ee^SSimBHCS^ff  pFP  *^°*  rnTTKIIinr'^*' 
I     ^in  ^'^^^^^I^I^TjJlJj^'^r^'^^^^'jj^  the  e;v'e  anv  light  which  might  enter  it  through 

^A>theF media  than  the  pupil,  ana  in  this  respect  makes  the  eye  of  an  albino  like  that  of 
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1.  Application  of  the  Ophthalmoscope.— In  the   ophthalmoscopic 

iCAmination  of  the  eye  we  iiuuriably  i>n>c'eed  by  first  carefully  iiiveüti- 

iiing  the  eye  by  means  of  lateral  illumination,  next  testing  the  traim- 

parency   of  the  refracting   media  with   the  ophthalmoscope,  and   not 

|oing  on  to  the  examination  of  the  fundus  itself  until  last  of  alb    This 

St  examination  is  best  made  first  with  the  inverted,  afterward  with 

Ihe  erect  image;   and  in  examining  the  latter  the  refraction  can  be  de- 

ItermJned  at  the  same  time.     If  the  pupil  is  narrow,  the  tyro  will  do 

fwell  to  dilate  it  with  [roctune,  eu|>hthalniinr\  or]  honiatropine.     Before 

doing  so  he  must  make  sure  that  thorcM^ToH  reason  to  suspect  glauctjma^ 

I  in  whicn  case  ariiKcial  <iilatation  ot  the  pupil  might  have  diijgerouß 

lis,  and  therefore  must  not  i>e  employed,  » 

For  testing  the  trans jKirennf  of  the  refracting  media  light  is  thrown 

'^by  the  ophthalmoscope,  held  at  the  orchnary  reathng  <listance.  into  the 

I  eye  under  examination.     If  the  refracting  media  are  perfectly  clear, 

[the  pupil  shines  with  a  uniform  red  luster.     If  there  are  places  in  the 

refracting  media  that  are  opaque,  such  stand  out  upon  the  red  back- 


A^^ 


^ß4^ 


FlO.  15* — VniBu^rr  or  QpAccma  ts  the  Mcoia  gt  Msanb  op  the  OrHTHAi.itoBcoPK* 

Iground  nf  the  illuminated  pupil  as  dark  points  or  spots.     For  example, 

If  he  rays  which  rorre^spond  to  the  opaque  spot  /  (Fig.  15)  are  cut  ojf  on^ 

heir  return  from  the  fundus,  a,  so  that  this  siK>t  is  not  illuminated%t^ijf 

bence  looks  black.    This  is  the  ease  even  when  the  opacities  are  actually^ - 

ift£  seen  by  light   thrown   directly   upon   them,   light   eolored^that    is, 

white  or  gray.    So  also  even  a  piece  of  rhiilk  Inoks  ^||?ipW  if  it  is  held  in 

iront  of  s,  flame. 

Iti  maRmg  a  systematic  examinaiwn  of  the  fundus  we  begin  at  the 
ipilla.  In  order  to  bring  the  latter  into  view^  w^e  make  the  patient 
jk,  not  straight  in  front  of  him,  but  a  little  inward  (tow^ard  his 
ft).  For  the  entrance  of  the  optic  nerve  does  not  lie  at  the  posterior 
»  of  the  eye,  but  on  the  nasal  side  of  it,  and  hence  is  brought  ilirectly 
»pfiositc  the  observer  only  after  a  corresponding  rotation  of  the  eye 
Inward.  It  then  comes  into  view  as  a  bright  disk,  whose  color  is  a  light 
rraybh  or  yellowish  red,  contrasting  strangely  with  the  red  of  the  rest 
[>f  the  fundus.  The  shape  of  the  papilla  is  circular  or  oval;  in  the  latter 
Ca«e  generally  an  erect  oval  (Fig.  16).  Its  she  apparently  varies  quite 
good  deal,  whitdi,  however,  is  due  to  the  varying  degree  of  enlarge- 
It  under  which  the  papilla  is  seen.  The  true  size  of  tlu^  papilla, 
Bured  in  enucleated  eyes,  is,  as  a  matter  of  fact,  ahriost  always  tne 


u  i^  t^^ft^S  ^  \t^tW 
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same— that  is,  about  L5  mm.  in  diameter.  On  account  of  this  constancy 
we  USB  the  papilla  for  taking  measurements  in  the  fundus;  we  say,  for 
example,  that  a  diseased  area  is  2  papilla-breadths  in  diameter. 

Circumscribing  (he  jmpillaf  we  very  often  (especially  in  making  the 
examination  with  the  erect  image)  recop;nize  two  rings  distinct  in  color, 
The  inner  ring,  Ivin«^  next  the  border  of  the  papilla,  is  white  (in  Fig.  16 
it  runs  ail  the  way  round  the  papilla,  in  Fig.  17  it  appears  only  on  the 
temporal  side),  and  is  called  the  scleral  (or  connective-tissue)  ring, 
because  it  corresponds  to  the  scleral  bundle^:^  which  jut  in  between  the 
margin  of  the  chorioid  and  the  head  of  the  optic  nerve  (Fig.  17)*  At 
the  margin  of  the  aperture  in  the  chorioid  that  gives  passage  to  the 
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Fio.  1Ö.— Normal  FtrNous  or  the  Lerr  Ere,  sees  in  the  Erect  Imaoe. 

Tbc  optic  diAk,  which  i§  iompwhar  ovni  InnffJTudinally,  ha*  ihc  prant  of  entrant»«?  of  the  cent 
(ta  »tjmewhat  to  th<?  inner  »ide  of  its  renler.  Thtil  p<>rti«in  üf  thf?  pupillu  Ivirue  lo  lh<*  inner  «ide 
joint  of  tftitranpe  tjf  the  vi5äs«Iji  i»  of  darker  hue  than  ilie  outer  portion;   the  lattet  ahuws,  dirertlj' 

outHiJe  of  the  vütwular  cnfrtmce,  a  »pot  of  lighter  rolor^  ihojphysiolo^ieal  t'lcavation.  with  fi 

The  J 


Cf'&^'iiih  AttpphoK,  ri^preMontins  the  lacunit  of  the  lamina  cribruea.  The  papilm  is  surrounc 
Uerht -col o roil  rini?,  the  aefrral  ring,  «nd  externally  to  tliia  by  an  irregular  black  atripe,  1 
rinit,  which  is  t'j^jwriaUy  well  marked  on  the  temporal  side.     The  central  arter>'  and  vein 


s  Sitrrounded,  first  by  ft^ 
ipe,  the  eharioida] 
vein  divide  luime- 
diateb'  ttft«r  their  entrance  into  the  eye  inlfj  an  A^cendini^  and  descending  branch.      These  branchc4fl, 
whili'    atill  (m  the  peipilla,  spHt  info  a  number  of  arteries  whiirh  in  the  upp»^T  half  run  mainly  npwardi 
and  omtwarda  fflupermr  temporal  jirtery  and  vein)  and  upward»  and  inward»  [Hijperiar  nawal  artery 
and  vein),  and  in  the  In  wer  milf  run  downwards  and  outwards  {inferior  leraporal  artery  and  vein)  j.ai 
downward«  and  inwards  (inferior  nu«^al  urtery  and  vein).     Moreo\'cr»  fine  twig»  (the  maeulAr  ver*f*ul9li| 
run  from  the  papilla  over  the  temporal   border  of  the  latter  directly  to  the  macula  lutea,  while  othel 
twig«  from  the  upper  and  lower  temporal  veftsels  push  toward  the  macula  lutea,  which  itself  i»  devoti 
ol  veasel«  ftod  u  aiatinguiahed  by  its  darker  color,    ta  its  center  a  bright  punctate  reflex,  /,  ia  visible. 

optic  nerve,  the  chorioid  is  often  marked  by  a  larger  accumulation  of 
pigment  J  by  which  the  second,  exterior,  ring  is  formed.  This  h  apparent 
as  a  black,  narrow,  sometimes  complete,  sometimes  incomplete,  ring, 
which  is  called  the  chonoidal  ring  or  pigment  ring  (Fig.  17;  in  Fig,  16  it 
h  especially  visible  at  the  outer  border  of  the  papilla).  Tlie  dcnmrcation  of 
the  outHTie  of  the  pupilhi.  protluctijJnlJii^ijaiL^a^^ 

^aTniaii~(m"Oie   tcDiDoral  >-;ide:  lor  at  ttto  naaa!  gide  a  greater 


on  the  nasi 
numtier  of 


ST  iffiiTSn^tTff  mi 


greätei 

_^ 181  and 

tbiisjaJjscureTt.     For  t  he^anie  n^a^on  t  lie  inner  half  of  the  papilla  Iwks 
reclderniH^>ütcr  hal f  paler,  l)ecaLKse  tlit-  iayr^r  oi  nt^rve  nbers  m  the  latjer 


^jerveTWyms^^jjt^j^ 
-^f^Torth^amt^Tii 
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t,  allo^ä_ttic  jmnma^ribrosa  to  sttow  thrpugli  uuto. 
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The  optic  disk  under  norraal  conditions  lies  in  the  plane  of  the 
retina,  und  dc»es  not  therefore,  form  a  projection  upon  it  as  the  name 
paptlU  would  lead  one  to  suppose.  On  the  contrary,  it  very  frequently 
*'  in  its  center  a  depression,  which  is  produced  hy  the  fibers  of 

t  I*  nerve  separating  from  each  other  comparatively  early  and 

ihus   leaving  a   funneUshaped  space   l>etween   them    {vascular  funnd, 
Figs,  17  and  IS).     The  central  vessels  ascend  on  the  inner  wall  of  the 
(unne].    The  color  of  the  vascular  funnel  seems  white  to  us  because  we 
see  the  white  lamina  cribrosa  at  its  bottom.     Often,  instead  of  a  small 
(unnel-fihaped  depression,  a  large  excavation  ( nftifsiologirfd  rrrjit^füJtrn 
Fig.  22,  E)  is  present.    This  is  situated  in  the_mit^xJlülLi!LÜl^J21^ 
^to  whose  ext ernriljjordeöj^^ü^i 
leicuSn^  t>l( Mill- vessels  r<mic 
out  upon  t  he  inner  border  aS  t  he 
excavation  (Fig.  16),  and  at  the 
bottom  of  the  latter  are  seen 
':ri\i-li  dnis,  the  lacume  of  the 
:  ill  iij  i  rril.rnsa.     With  the  bril- 
liant while  <jf  tlic  excavated  ex- 
terior  half   of   the   papilla  the 
gniyish-red  hue  of  the  unexca- 
,vated  interior  half  is  in  vivid 
E«mlrust.     Sometimes  the  phys- 
ical  excavatinu  is  sr»  larjre 
]t  lakes  in  tne  larger  l^^i^rt 
jrf  the  papilla,  hut,  in  fii^ntn^^t 
I  nth  the  patliological  excava^ion, 
Qeyer_JnkT?r  in     the  ^viißlf;. 
bere  i>  ahvavs  a  purt  Itliyi^ph 
nuiv  Im'  a  snuill  part)  of  the 
lipilla  tliat  is  uiicxi  a\  ated,  thj s 
iJ'ns  a  ruie^  on  the  nasal  su^e^ 
»on   me  temporal  sale  tlie 
gycavation  does  oltcn  extend  to  the  border  of  the  nanilla^  thougli  it  never 


Fiti,  17- — O pnTBAtMOscopic  Pictüris  or  twe 
Optic  Nebtk. 

Sofoewluit  to  th«  tuMiI  side  of*  the  oeuter  of  the 
papilla  emerges  the  oeatral  vein  aud  to  the  otuifl  aide 
of  thi.«  Htgmn  emerg«*  the  central  artery«  The  mftio 
trunk  of  thme  veaMla  b  itnell  not  vmble,  toDOH  each 
dni.ien  at  oiioe  into  two  mmn  brunches  wlUcU  mn 
rc-tpectivt^ly  upw&nJ  and  downwartl.  The  center  of 
the  papilla  bordering;  the  temporal  wide  of  the  cen- 
tral ve««ls  in  nuther  lifhter  color(<d  and  eomtiwhai 
ilppre«.**«!  »{the  vaacular  funnel).  *)n  th«  temporal 
border  of  the  papiltik  can  be  seen  tlie  white  sdemJ 
rins.  The  papilla  ta  suiroimded  by  the  black  chorioidal 
rioK« 


bag  a  :^\^re^^^SJ7^Jier!^t^eWv'\m'^snre  exravation  (ef.  §  SlTT 

The  central  vessels  ol  the  o|>t]c  nervf*  divide  at  tlie  head  of  the 
nerve  into  a  number  of  larger  and  smaller  branches,  which  pa*ss  over  its 
edgie  into  the  retina,  where  they  keep  on  branching  in  an  arborescent 
ÜMon,  They  can  readily  be  distinguished  into  arteries  and  veins.  The 
former  are  of  a  brighter  rc*d,  narrower,  and  run  a  straighter  course  (Fig.  16, 
a  a};  the  latter  are  darker,  of  greater  caliber,  and  more  crooked  {v  r).  The 
ftrmn^C^'ment  of  the  vessels  in  the  retina  is  not  always  the  same;  most 
frequently  it  happens  that  two  main  branches  run  upward  and  two 
downward^  while  only  small  and  short  twigs  pass  to  the  outer  and  inner 
8idc0  of  the  disk  (Fig.  16).  The  region  of  the  macula  lutea  is  devoii) 
of  langer  vessels;  the  larger  trunks,  running  to  the  outside  above  and 
below^  encircle  it  and  send  finer  branches  in  toward  it.     [See  Fig.  247.] 
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In  the  larger  vessels  we  notice  a  shining  white  streak  running  along 
the  center  of  the  vessels.  This  streak,  which  is  more  distinctly  visible 
in  the  arteries  than  in  the  veins,  is  called  the  reflex  streak  (Jäger). 

A  pulsation  is  frequently  observed  in  the  vessels  at  the  spot  where 
they  first  come  to  view  upon  the  papilla.  The  way  in  which  this  dis- 
plays itself  is  that  that  portion  of  the  vessel  which  lies  closest  to  the 
point  where  the  vessels  come  out,  becomes  alternately  empty,  so  as  to 
disappear  from  view  entirely,  and  then  full  again.  This  is  not,  there- 
fore, an  instance  of  the  ordinary  pulse,  in  which  there  are  simply  varia- 
tions in  caliber,  but  a  completely  intermittent  inflow  of  blood  (in  the 
case  of  the  arteries)  or  an  intermittent  outflow  (in  the  case  of  veins). 

A  venous  pulse  is  a  physiological  occurrence:    in  the  same  eve  it 

is  snm^tiii]^^^  nrps^T^f^  fj^mft^imps  ajjspnt.       Tn  thft  lattftr  paap    sliirht.  nrps- 

sure  upon  the  eye  with  the  finger  suffices  to  produce  it. 

Bonders  gives  the  following  explanation  of  the  venous  pulse:  At 
each  systole  of  the  heart  an  additional  quantity  of  blood  is  driven  into 
the  arteries  of  the  interior  of  the  eye,  and  the  blood  pressure  in  these 
arteries  is  consequently  heightened.  This  increase  in  the  arterial  ten- 
sion reacts  at  once  upon  the  general  intra-ocular  tension,  heightening 
the  latter,  so  that  it  acts  more  vigorously  upon  the  retinal  veins  and 
compresses  them.  It  does  this  most  at  the  spot  where  the  blood  pres- 
sure in  the  \'^ins  is  lowest,  which  is  at  their  point  of  emergence  upon 

Explanation  of  Fig.  18. — Longitudinal  Section  Thbouoh  the  Head  or  the  Optic  Nebve 
A8  Shown  in  Fig.  17.    Mftgnifiwi  60  X  1. 

In  ita  passage  through  the  sdero-chorioidal  canal,  the  optic  nerve  shows  an  irregular  conical  con- 
striction. The  nbers  of  the  optic  nerve  are  gathered  into  bundles  separated  bv  septa,  ».  The  continu- 
ation of  the  septa  can  be  followed  as  far  as  the  head  of  the  optic  nerve  under  the  form  of  rows  of  nuclei 
belonging  to  the  cells  of  the  neuroglia.  The  axis  of  the  optic  nerve  is  occupied  by  the  central  vein,  r, 
and  tne  central  artery,  a,  which  lies  to  the  nasal  side  of  the  vein.  The  optic  nerve  is  crossed  at  right 
angles  by  the  lamina  cribrosa,  which  separates  the  trunk  from  the  head  of  the  ner\'e.  The  fibres  of 
the  lamina  cribrosa  arise  from  the  wall  of  the  scleral  canal,  pass  tlux>ugh  the  optic  nerve,  curving 
slightly  backward  as  they  do  so,  and  are  inserted  into  the  connective  tissue  that  accompanies  the  cen- 
tral vessels.  About  at  the  level  of  the  inner  layers  of  the  chorioid,  the  nerve  fibers  separate  like  a  sheaf 
so  as  to  form  a  funnel-shaped  depression  (the  vascular  funnel.  0).  More  fibers  go  to  the  nasal  side  of 
the  papilla  than  to  the  temporal,  for  which  reason,  the  nasal  side  is  higher.  The  fibers  of  the  optic 
nerve  pass  over  into  the  fiber  layer  of  the  retina  (i),  succeeding  which  toward  the  outside  are  the 
other  layers  of  the  retina  namely,  the  layer  of  ganglion  cells  (f ),  the  inner  granular  or  plexiform  layer 
(5),  the  layer  of  inner  granules  or  bipolar  cells  (4).  the  outer  granular  or  plexiform  laver  (5),  the  layer 
of  outer  granules  or  bodies  of  the  visual  cells  (jS),  the  limitans  externa  (7).  and  the  layer  of  rods  and 
cones  (8).  The  layers  of  the  retina  stop  short  &t  the  head  of  the  optic  nerve,  the  outermost  layer  {S) 
extending  the  farthest.  The  innermost  fibers  of  the  sclera  which  form  the  vn^  of  the  scleral  canal, 
accompany  the  optic  nerve,  backwards,  under  the  form  of  the  pial  sheath,  /,  which  is  intimately  at- 
tached to  the  nerve.  The  outer  layers  of  the  sclera  are  reflectea  backward  at  a  greater  distance  from 
the  nerve  head  and  form  the  dural  sheath,  D,  which  envelopes  the  nerve  loosely.  Between  these  two 
sheaths,  lies  a  third,  the  thin  arachnoid  sheath  A,  which  divides  the  intervagmal  space  of  the  optic 
nerve  into  the  subdural  space,  9d,  and  the  subarachnoid  space,  aa.  Both  spaces  have  a  blind  ending  in 
the  substance  of  the  sclera,  b  is  the  oblique  section  of  one  of  the  numerous  subarachnoid  trabecul» 
which  connect  the  arachnoid  with  the  pial  sheath.  In  the  wall  of  the  scleral  canal  can  be  seen  the 
cross  section  of  some  blood-vessels  which  belong  to  the  circle  of  scleral  vessels  of  Zinn  (see  ?  59). 
Between  the  sclera.  S,  and  the  retina.  J?,  lies  t^e  chorioid,  Ch.  The  innermost  layer  of  the  latt«r,  the 
lamma  vitrca,  10,  extends  further  than  the  other  layers  in  the  direction  of  the  optic  nerve-head,  the 
fibers  of  which,  are  constricted  by  the  margin  of  the  lamina  vitrea.    Upon  the  lamina  vitrea  lies  the 

Eigment  epithelium,  9.  which  belongs  to  the  retina  and  which  at  the  nasal  side  reaches  as  far  as  the 
irama  vitrea,  but  on  the  temporal  side  stops  somewhat  short  of  it.  On  both  nasal  and  temporal  sides 
the  pigment  epithelium  gets  to  be  thicker  and  more  stronglv  pigmented  at  its  margin,  and  this  thick- 
ening and  pigmentation  correspond  to  the  pi^ent  ring  which  can  be  seen  with  the  ophthalmoscope. 
The  next  layers  of  the  chorioid.  the  chorio-capillaris,  11,  and  the  layer  of  medium  sise  and  large  vessels, 
1£,  do  not  extend  on  the  temporal  side  quite  up  to  the  optic  nerve,  a  layer  of  connective  tissue  which 
represents  a  continuation  of  the  sclera  being  interposed  between  the  two.  In  surface  view  this  layer 
is  visible  with  the  ophthalmoscope,  under  the  form  of  a  white  ring,  the  scleral  ring.  In  this  case  it 
appears  with  the  ophthalmoscope,  somewhat  broader  than  it  really  is.  because  the  layer  of  connective 
tissue  which  corresponds  to  it  does  not  run  forward  in  a  precisely  sagittal  direction,  but  turns  somewhat 
to  the  temporal  side.     Hence  we  see  besides  the  front  surface  of  the  connective  tissue  ring  its  inner 
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the  papilla,  since  the  blood  pressure  in  the  veins  diminishes  in  propor- 
tion as  we  approach  the  heart  and  get  farther  away  from  the  capillaries. 
The  veins  consequently  are  constricted  at  the  spot  where  they  dip  down 
into  the  vascular  funnel,  while  the  portion  of  the  veins  directly  adjacent 
swells  up,  because  the  blood  is  dammed  up  in  it.  But  as  a  result  of 
this  damming,  the  blood  pressure  in  the  veins  rises  rapidly  to  the  point 
where  it  is  able  to  overcome  the  compression — doing  this  the  more 
readily  as  now  the  diastole  of  the  heart  sets  in,  and  with  this  the  intra- 
ocular pressure  diminishes. 

An  arterial  pulse  is  present  under  pathological  conditions  only. 
In  order  to  produce  it  artificially  in  a  healthy  eye,  no  inconsiderable 
pressure  must  be  exerted  upon  the  eyeball.  When  this  is  done,  the 
person  under  examination  notices  a  simultaneous  obscuration  of  the 
field  of  vision,  amounting  finally  to  complete  abrogation  of  sight,  as  a 
result  of  the  obstruction  to  the  retinal  circulation  produced  by  the 
pressure.  In  like  manner  a  rise  in  pressure  produced  by  pathological 
conditions  (glaucoma)  causes  an  arterial  pulsation.  The  explanation  of 
this  is  as  follows:  As  a  result  of  the  increased  pressure  in  the  interior 
of  the  eye,  the  blood  is  able  to  enter  the  vessels  of  the  retina  only  dur- 
ing the  systole  of  the  heart;  during  the  diastole,  when  the  pressure  in 
the  arteries  falls  somewhat,  the  pressure  in  the  central  artery  of  the 
optic  nerve  is  no  higher  than  the  pressure  in  the  interior  of  the  eye, 
and  hence  the  blood-wave  cannot  make  its  way  into  the  latter.  Such 
a  disproportion  between  the  intra-ocular  pressure  and  the  pressure  of 
the  blood  in  the  central  artery  may  also,  of  course,  be  produced  by  the 
fact  that  while  the  former  remains  normal,  the  latter  is  diminished. 
Accordingly,  an  arterial  pulsation  is  observed  in  general  anaemia  and 
when  syncope  is  imminent:  also  in  local  compression  of  the  central 
artery  witnin^Ke  optic  nerve  (e.  g.,  in  optic  neuritis).^  f ^^^^^^^^^^*^ ^ iff 

'  A  true  aAerUU  pulse  (i.  e.,  one  not  due  to  a  completely  intermittenx    ' 
inflow,  but  to  a  translation  of  the  variations  of  the  pulse  into  the  retinal 
vessels)  occurs  as  one  of  the  symptoms  of  an  abnormally  extensive 
diffusion  of  the  pulse-wave  all  through  the  body,  e.  g.,  in  insufficiency 
of  the  aortic  valves  or  in  Basedow^s  disease. 

^ince  in  healthy  living  eyes  tlie  retina  is  transparent,  we  see  no 
part  of  it  with  the  ophthalmoscope  except  the  blood-vessels.  At  most 
we  find  the  red  fundus  in  the  immediate  neighborhood  of  the  papilla 
covered  by  a  delicate  gray  veil  which  shows  a  radiating  fine  striation 
and  which  is  the  representative  of  the  layer  of  nerve  fibers  of  the  retina, 
which  in  this  situation  is  still  quite  pronounced.  In  children  vivid 
reflexes  often  exist  which  are  especially  pronounced  along  the 
vessels,  change  their  place  with  every  movement  of  the  mirror,  and 
give  the  retina  a  luster  like  that  of  watered  silk.  We  must  avoid  re- 
garding these  as  pathological  opacities  of  the  retina.  The  region  of 
the  retina  that  is  most  important  for  vision,  the  macjüahäea,  with  the 
fovea  centralis,  is  just  the  part  that  has  very  few  distinctive  ophthalmo- 
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soopic  features.    We  find  it  %vith  the  oniithalmcK^rooe  if  wc  po  a  distanrp  of 

lV<j  Ui  2  papilla-breadths  outward  from  IIk*  outer  IkjrIit  of  tlie  t>ii1>illa, 

ll»Te  w?*cotne~upon  a  region  tlevoiii  of  ve.^sf'js  wlik'li  is  somt  wtmt  diirker 

than  tht^  rest  of  the  lunüug,     Uirectiy  iii  its  center,  correspontiiu^  to 'the 

iitiiaiion  oi  mc?  IBve^centralb,  we  see,  when  examining  the  c^ye  with  the 

diTfet  method,  a  bright  point  or  a  small,  crescentie  ^pot  (Fig.  Iti,/),    In 

the  iti%*<Tle<l  image  the  macula  lutea  h  represented  by  a  fine  white,  not 

vpry  Hbarply-defined  curved  line  which  forms  a  horizontal  ovaJ  of  a!x>ut 

the  »isci*  of  tlie  pai)illa.     The  region  inclosed  by  the  line  is  colored  a  dark 

brownisih  nad  iiud  sometimes  ha-s  in  its  center  a  little  bright  dot.    These 

appi*airances  are  nothing  more  than  reflexes  produced  by  tlie  light  on  the 

maer  surface  of  the  retina,  and  are  by  no  means  constantly  present.    When 

tlie  pupil  is  dilated  they  liecome  Ic^s  marked  or  disappear  altogi'thcr. 

Since  the  purple  color  of  the  living  retina  is  not  visible  with  the  oph- 
th.%lmcji^^ope,  the  color  of  the  background  on  which  the  appearances 
aliovc  described  are  to  be  seen  is_i)roduct^d  l)y  the  structures  lying  behind 
the  retina,  namely,  the  pigment  e|){tlielmm,  the  churioid,  and  the  sclLfa. 
Tlic  following  varieties  of  coloration  in  the  background  *A  the  eye  are 
found,  de[>endiug  on  the  amount  of  pigment  contsyned  in  the  tw^o  struct- 
rt«  first  nameil: — 

(L)  If  the  pigment  epitbelimn  in  very  uniformly  and  profusely  pig- 
d,  it  conceals  the  chorioid  completely,  and  the  background  of  the 
>pear8  of  a  uniform  brownish  red  (in  ver>'  darkly  j>ignK'iitetl  men 
itfiKK^t  a  dark  gray)  (see  Fig.  20  C, — D.].    When  the  pigmentation  is  less 
tfonn  we  observe  in  the  erect  image  a  finely  granular  appearance  of 
'  eye-ground  which  is  causeii  by  the  cells  of  the  pigment  epithelium. 
(2/)  When  the  pigmentation  of  the  pigment  epithelium  is  less  marked 
chorioid  shows  through  it  and  if  this  latter  is  profusely  pigmented 
can  recognize  the  interspaces  between  the  chorioidal  vessels  (the  so- 
tied  intervascular  Bpaccs,  Fig.  151,  y?)  as  dark  elongated  islands.    The 
iit  red  stride  running  betwct^n  the  latter  and  anastomosing  ever\^vhere 
ith  each  other  corresix»nd  to  the  chorioidal  vessels,  which    are  chiefly 
eins»     No  sharp  outlines  of  vessels,  howTver,  are  visilile,  because  the 
aent  epithelium  spreads  a  veil  over  the  chorioid.    Such  an  eye-ground 
l^d  to  t>etevgcfa/cdfFigs.  19  and  20  B) ;  by  beginners  it  is  often  confounded 
Hih  chorioiditis. 

(3.)  The  less  pignwnt  there  is  containeil  in  the  pigment  epithelium        y# 
and  in  the  chorioid  the  more  the  white  sclera  show*s  through,  and  conse-^j«^^^ 
qucntly  the  lighter  red  is  the  eye-ground  as  a  whole.    In  inilividuals  with^^^^ 
trient — i,e.,in  blondes  and  to  the  greatest  degrtM?  in  albinos — the 
a  ion  in  the  fundu.s  is  so  scanty  that  w^e  can  see  the  vascular  net- 
of  the  chorioid  distinctly.     In  contrast  with  the  tesselated  fundus, 
intervascular  spaces  are  lighter  than  the  vessels,  because  the  white 
selera  show^  through.    Such  a  fundus  is  called  albinotic  (Fig.  20  A  and 
I,  21;  see  also  §  80).    The  r€*tinal  vessels  run  over  the  chorioidal  ves- 
s,  but  are  easy  to  distinguish  from  them*    The  chorioidal  vessels  are 


jm^ 
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broader,  less  sharply  defined,  and  look  flat  and  ribbon-like;  they  lack  the 
reflex  streak.  In  opposition  to  the  retinal  vessels,  which  branch  after 
the  manner  of  a  tree  and  do  not  ana^stomose,  they  form  by  their  numerous 
anastomoses  a  dense  network  with  elongated  meshes. 

Crkbcent  or  Conus, — The  gap  in  the  s^^lera  and  that  in  the  chorioid,  through  , 
which  the  optic  nerve  passes,  together  form  a  short  canal,  tlie  sclero-chonoidal  catiaL  J 
The  ühape  of  thin  raiial  is  by  no  means  alwaya  exactly  as  Fig.  18  repreaenlij  it,  but  i|j 
varies  pretty  (-(nwiderably  even  in  normal  eyes,  and  to  this  m  due  the  different  pict^j 
which  the  circumference  of  the  papilla  is  aeeutitumed  to  exhibit.    The  canal,  as  shon 
in  figures  18  and  23,  iriay  keep  narrowing  all  tlie  way  in  its  course  toward  the  interior 
of  the  eye.    But  it  may  aL^o  happen  that  only  one  wall  of  the  canal  shows  an  obliqu 


Nmai 


Temporal 


Fig.  19.— TissELLATED  Fttndos. 
(For  the  iJteration  of  the»  papilln  here  depicted,  wh^ch  in  due  to  congumtaJ  matformiitioii,  m 

scriplion  Attncbod  to  Fig.  205.) 

course  pointing  toward  the  axis  of  the  optic  nerve,  while  the  other  wall  runs  strai 
forward  or  is  actually  turiKHl  away  from  the  optic  nerve.  In  the  latter  case,  which 
reprej^ented  in  figure  22,  the  liead  of  the  optic  nerve  appean^  to  be  displaced  Ijodily 
one  side  witliin  the  sclero-thorioitlitl  canal.  This  .«state  of  things  occurs  moet  frequently^ 
in  tiearsiglited  eyes  (see  §  §  77  and  145);  but,  ^ince  it  is  often  enough  also  found  in 
eminetropie  and  even  in  hypermetropic  eyes  and  furthermore  is  vi-sible  with  the  ophthal- 
moscope, it  must  Ije  vontiidered  here.  If  we  shnnld  look  at  the  optic  nerve  represented 
in  fig,  22,  with  the  ophthalnK)8co^>e,  we  shotild  on  the  temporal  side  look  right  into 
the  seiend  canal,  Ijec-au^^e  the  tisane  of  the  optic  nerve-head  it-^"^f  h  t"'"^-^r"'"1it  Then 
the  tem|M>ral  wall  of  the'~äcleral  canal  woo  let  he  visible  in  [jerspeetive  foreshortening 
from  6  to  the  edge  of  the  chorioid  c,  i.  e  ,  from  the  point  where  the  canal  l>egins  to 
dilate  (about  corresp<>nding  to  the  place  where  the  fibers  of  the  lamina  cribrosa  are 
given  off).  With  slight  degrees  of  displacement  the  appearance  is  that  of  a  rather 
broad  scleral  ring,  but  when  the  displacement  is  greater,  it  is  like  a  while  crescent  ad- 
joining the  margin  of  the  papilla.  Such  a  scleral  crescent  which  is  also  called  a  convs 
(Jäger),  ia  moat  fre(|ueutly  met  with  at  the  temporal  border  of  the  nerv^e. 
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A  llghl  creitpent  at  the  burder  of  the  papilb  may  also  lie  prut^uced  in  atiotlicr  way. 
In  tllS  ttMS  refirüsüfiieil  (u  Fig.  23^  tlie  scjeral-^horioidal  catml  Is  luirRme^i  antoriorlv, 
•D  thmt  we  roiild  nut  »«c  into  it  with  the  ophthalxucjiscope.  But  un  tfie  It^niponil  side 
tb»  pigmeitl  epithelium  oeüses  at  some  distance  from  the  murgia  of  the  opening  of 
Um  Qptle  nerv«  (at  «/),  Over  the  area  bei  where  this  oecurs,  the  chorinid  which  is  abo 
itaalf  mxmewhAt  rarefied,  is  exposed,  and  hence  this  Bpot  appears  as  a  light  colored 
awent  Adjoining  the  optic  nerve.  This  chorioi€Uil  crescent  or  conti^  is  distinguished 
ftom  the  scleral  crescent^  descrif^ed  above,  by  the  fact  that  it  is  not  pure  whtte,  like  (he 
latter,  but  shows  rem&inB  of  chorioidal  vesseb  and  pi^ient. 

These  two  kinds  of  crescents  are  fre«)uently  found  con^bined,  ba  in  the  case  shown 
in  Fig-  22.  For  here  the  posterior  hiyer?>  of  the  rhorioid  extend  pretty  <  ItJw  ti>  the  optic 
ii^r^'e.  in  fact  a^  far  as  c,  while  the  laniiim  vitrea  together  with  the  pignieut  epithelium 


Fia.  21.— PtWDt»  OF  ky  Albi^ottc  Lett  Ete  been   fn  the  Erect  I&iage.     (After  JX«er*) 

Th©  |MU»i1l»  i«  *yiTOurn1<*i1  by  a  Ujjht-colored  «»demJ  ring,  utn\  ItxjWs  dark  iti  c^mpariitan  witli  ih« 
Id  liM**  .if  ih**  rr*-i  of  tl.*'  tutviii-.     Tlte  latter  show«  a  tUwk  uviwork  of  chorkmlaJ  Vi-v-,.-]»  »nd  over 

ml'^uhIiH  fftjiJi  fhi»  fi>rrne^r  by  tht-tr  letter  Mine,  tlieir 

lioth  the  rliorioidttl  und  retinal  vc>  r   by  their 

'»ackKtonnd.  the  hue  «jf  which  i»  prrtdnr*  ■*  ■  hit«  aclera 

;  u^-r.ipilluriH.     h  it  only  at  th«  macula  lutea  that  the  ?M>niewliat  durker  hue  of 

r«  of  the  presence  of  a  ♦li|:ht  pigmentation  of  th©  choriuid. 


I        uua#r 


luM  p»ced«d  to  a  greater  distance  from  the  nerve,  d,  at  which  »pot  also  the  fibers  of 
the  Ofrtic  nerve  are  drawn  out  into  a  point  through  a  gap  in  the  Ixirder  of  the  lamina 
rilft*.  Conaecitiently,  the  posterior  laiitella?  of  the  chorioid  are  exptised  from  c,  the 
aill#fiar  border  of  the  e^icleral  carnal,  t«  ^/.  the  anterior  border  of  the  chorioidal  catial. 
The  fipaltiiig  Appearance  in  the  ophthahnoecopic  picture  is  as  follows:  Close  to  the 
fmpSXk^  is  a  pure  wlute  crescent  (he),  and  adjoining  this  is  a  narrower  crescent  (cd) 
wt^h  is  Ughtjor  colore<l  than  the  rest  of  the  fundus^  and  preeents  some  chorioidal  vesaela 
M  wen  as  ft  little  pigment 

Not  infrequently  there  nre  pflpilfa-  which  are  dark  grayish  red,  and  which  espeeiaüy 
en  tba  nasiit  -^Vcff*.  uiwo  a  very  mdisiinr!  rhiU'fjTJir  SonK*irinej<  tnoro^tsTt  ciouay  gray 
»**ij^^j^it|f  I  [|»'  pu^itlt  or  a  gray  rmlial  ^tnution  ctitanat  trig  tnMrrii  wmcn  of^rtiires 
llie  borders  of  the  jAipilla;    there  inay  even  L>e  a  slight  protriiKion  or  iiie  papilla,  ^8ucb 
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it  foFlovvs  that  they  are  to  be  regar3S?H5^TrälmOTMnfffffflPFW!H?nW!^^  origin, 
8ince  such  case«  are  viaually  regarded  by  liegiriners  as  instances  of  neuritis,  they  have 
received  the  rcime  of  ysrudoneurifi^.  Anotlier  diiigncwtic  mistake  tliat  \»  fre^juentljfj 
made  h  to  diagnosticaie  neunrn  when  the  papilla,  owing  to  th©  presence 
astigtuatiäm,  appears  hazy  in  the  erect  inia^je. 


I 

i 


bed 


E 


mjl. 


FiO.22. — LoNQiTroiNAL  Section  thbouoh  twe  Head  of  the  Optic  Neiive  in  a  Case  of  8ci*iaiAi, 

CKKSCfTNT     AT    THE    T^ypOBAL    BlDE     ToOETBER    WITH    TRE   CORaESPONDINO   OpHTHALMOeCOPSO 

FicTCEZ.    Magnified  20  :•   L 

In  the  section  which  hajs  been  »tained  by  Weigert'?  methrid  the  iien*«?  fibers  of  t\\v  Irunk  of  the 
Optic  u*'r\'e  tx-tnjr  meflulhuled  tmve  tak««n  on  a  »Ifirk  color.  Tliry  Wromt»  linjnt  cniloretl  at  the  fspot 
where  tlipy  hww  their  metlulla«  that  is,  at  the  lev^et  of  the  lamina  cribros^a»  which  rro.ise-ft  the  optic  nerve 
in  a  fliRlitly  cur%«l  arch  haviiij^  its  concavity  forward.  A*  fur  forward  t^  thi?  lamina  the  trunk  uf  tf 
optic  ner\'e  tinderjtoeÄ  a  uniformly  conical  narrowinR.  On  the  na^al  *ide  this  narrowiniE  \*  continue 
forward  and  even  more  roarkedly  ai nee  here  tlie  wall  of  the  sdero-chorioidal  c-anul  jut)*  m  more  thi  . 
ever  Toward  the  axis  of  the  nerve.  But  by  the  natne  amcnmt  that  thia  wall  juts  in  toward  the  nerve 
\»  the  temporal  wall  of  the  nciero-chorioidal  canal  «cparnied  from  the  nerve,  so  that  the  anterior  bor- 
der of  the  scleral  opening  liea  at  r,  and  the  w^all  of  the  (•eletal  canal  becomei»  visible  with  theophilmU 
monciop«  aa  a  white  crescent  in,  the  eipace  be.  The  marffio  of  i\m  lamina  vitrea  and  of  th«  pigment 
epitheuum  lie«  «till  further  toward  the  temporaJ  sitie,  at  d,  and  up  to  this  point  the  tibvra  of  the  optie 
nerve  are  draum  over  to  the  icriiporal  side  to  form  a  pointed  proceHs.  Between  c  and  d  ihe  outer  layer« 
only  of  the  chorioid  are  present,  and  ihesw  appeiir  with  the  opli  thai  mix«  cope  under  the  form  of  a  »potn?d 
tchorioidal)  crescent.  On  the  temporal  »ide  the  outer  layers  of  the  retina  come  to  a  atop  ftfioner  than 
do  the  inner  one«,  while  on  the  nasal  side  of  the  nerve-head  the  reverw  obtajnti.  The  nerve-hearl 
»howit  a  Ähallnw  deprest-'ion  tphynioloRical  excavation  E\.  H,  selera  the  inuer  layers  of  which  exteitid 
up  to  the  optic  nerve  while  the  outer  otie«  even  jwme  distance  down  are  reAeeted  baekwarda  into  the 
dural  dheath,  D. 

Examination  of  the  Refracttno  Mbdia, — For  this  purpose,  when  pronounced 
opaeities  are  present,  we  make  use  of  the  concave  mirror  j  slight  opaeitie^s,  on  the  other 
haod,  are  discovered  only  by  means  ol  the  weakly  reflective  or  plane  mirror;  and  in 
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tliii  OMP  it  ia  ofteo  ab^o  nooessary  to  dilate  the  pupil  with  homutrof)ino.  If  the 
b  emmetropic,  and  still  more  if  lie  is  hypermelropic,  he  ought  to  plare  a 
:  glaas  behind  hi«  mirror,  so  jis  to  be  able  to  get  near  enoui^h  lo  ilie  eye  thsit  he 
m  ^TEWPifiiog.  (The  cornbinutitin  of  a  yilane  mirror  with  a  convex  glasf)  is  called  a  len- 
tirtiUkT  mirroir,)    A  myopic  obstTver  will  not  need  !*iirh  a  glass. 

ffhe  above  method  of  examining  opacities  in  which  the  observer  using  a  weak 
convex  kImab,  stands  eight  or  ten  inches  from  the  ymtient,  and  view.s  the  opacities  as 
■harioirg  oti  a  red  grotmd,  is  calle<1  direct  (a^  distinguished  from  olilique)  ilhimination. 
Wo  mi^  alao  examine  the  opacitieä  by  the  direct  method.    In  this  case  we  place  our 


_9fea.  Z^^^UmaTTuntnui.  Section  throuoh  mm  H%a.x>  or  rn%  Omc  Nkevk  in  a  C*«f.  or  Chorioi- 

KAL  ClICBCCKT  Oü    THE  TkUPOAAI.  SiDK  TOOCTIIITR   WtTIf   TBK  OOKllEA]M3Nt>l7«U  Üt*ltTtlAJLMO»COPlC 

Pienma.    klasaified  20  x  t. 

tf«r»  Ibc  m«rlullnry  coAtin«  of  the  nerve  flhers  diiAppear«  further  bflick  in  thi-  centml  tlmn  it  doee 
[  tte  p«rlph«r&l  buniUcw.     Pr^^t^mtiinw  1r*ym  h*liifid  fortvarfi  the  Acler»!  canal  «hown  fti>i  a  dtlataitoo 


»l'(-tn»f >   uUu    : 


rtarkei)  in  the  charioidal  canat.     A*  rht«  remporal 

lite  distance  from  the  edge  of  ihe  ohttnoidftl  open- 

.    ilno  tsmh.     The  ?ipJice  from  d  lo  b^  the  burder  of 

ii|^nuuuiiiiLN«eope  utider  the  furtu  of  a  erei^eent,  iji  which  is 


Ikw  «iniotiire  of  the  chohoidaL  «troma.     There  I»  a  flat  physiological  excavatiofu,  E, 


ejre  within  an  inch  or  so  of  the  patient  'a  and  put  on  the  convex  ghj^  that  will  bring  the 
cpmeiiy  ahorply  into  focuä.  For  opaeitieä  in  the  vitreous  a  conv^ex  glass  of  3  to  10  D, 
for  opacities  in  the  anterior  chamber  (especially  deposit«  on  the  posterior  surface  ol 
%km  romcBi>  on©  of  VI  to  20  D,  will  be  re<|uired. — D.] 

In  examining,  we  must  not  neglect  to  make  the  eye  move  in  different  directions, 
III  order,  on  the  one  hand,  to  obtain  a  view  of  laterally  placed  npacitiea,  and,  on  the 
other  hand,  to  stir  up  in  this  way  n|iacitie^^  which  have  stmk  to  the  Ixittom  of  t  he  vitreoua 
biiifior     Smaller  opacities  look  black;    larger  opacities  appear  gray  bluish-white»  or 

I  aU  white,  since  the  light  reflected  from  their  surface  is  strong  enough  to  shine  out 
the  vivid  red  liackground  of  tlie  illuminated  pupil     In  order  to  recognize  the 
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place,  whether  the  latter  ia  mnvahlp  o^  fjxArf 
V  fn  fhft  vjtfrwy**'   »n  the  latter  case — that  is, 


if  the  opacity  moves  only  with  the  eye,  and  not  spontaneously — it  is  probaETy  situated 
in  thft  finmPA  or  ^n  \\[(^  /ens;  but  it  mav  Still  b«  jn  t.ha  vitrfl^ii«  since  here  too  fixed 
opacities  are  sometimes  observed.  In  many  cases  this  can  be  decided  by  employing 
oblique  illumination.  If  we  can  obtain  no  result  in  this  way,  we  then,  in  order  to  de- 
termine the  site  of  the  opacity,  make  use  of  the  parallactic  displacement  of  the  latter 
with  reference  to  the  margin  of  the  pupil.  This  is  accomplished  in  the  following  way: 
In  the  eye,  A  (Fig.  24),  suppose  four  opaque  points  to  be  present,  which  lie  at  different 
depths — namely,  in  the  cornea  (1),  upon  the  anterior  capsule  of  the  lens  (2),  at  the 
posterior  pole  of  the  lens  (3),  and  in  the  anterior  part  of  the  vitreous  (4).  For  sim- 
jdicity's  sake  we  assume  that  they  are  all  disposed  in  the  optical  axis  of  the  eye.  Then, 
if  the  observer,  ß,  looks  into  the  eye  from  directly  in  front,  he  will  see  each  one  of  these 
points  precisely  in  the  center  of  the  pupil,  P.  Suppose,  now,  that  the  observer's  eye 
passes  from  B  to  By.  The  position  of  the  points  with  relation  to  the  pupil  will  be 
changed  at  once.  Point  1  approximates  to  the  upper  border  of  the  pupil  P,;  point  2, 
which  is  situated  in  the  pupil  itself,  keeps  its  place  unchanged;  points  3  and  4  have 
approached  the  lower  border  of  the  pupil  and  4,  on  account  of  its  greater  depth  in  the 


Fio.  24.— DiAONoeis  of  the  Site  of  an  Opacitt  from  Parallactic  Displacement. 


eye,  more  so  than  3.  From  this  example  the  following  rule  for  the  determination  of 
the  site  of  an  opacity  can  be  deduced:  We  look  into  the  eye  from  directly  in  front  and 
note  the  position  of  the  opacity  in  the  pupil.  Then,  while  the  patient  holds  his  eye 
fixed,  we  move  slowly  to  one  side  and  observe  whether  the  opacity  remains  in  the 
same  spot  or  not.  In  the  former  case,  the  opacity  lies  in  the  pupillary  plane  (upon  or 
directly  beneath  the  anterior  capsule  of  the  lens);  in  the  latter  case,  in  front  of  or 
lietiind  this  plane — in  front  of  it,  if  the  opacity  shifts  its  place  with  a  movement  opposed 
to  that  of  the  investigating  eye;  behind  it,  if  the  opacity  moves  in  the  same  sense  as 
the  eye.  The  more  quickly  this  change  of  place  occurs,  the  farther  removed  is  the 
opacity  from  the  pupillary  plane.  (Evidently  we  can  also  proceed  by  keeping  our 
own  eye  still  and  telling  the  patient  to  move  his.  This  way  of  examining  has  the  dis- 
a<l vantage  that,  if  the  movement  of  the  observed  eye  is  rather  extensive,  a  minute 
opa<'ity,  whose  position  has  been  marked,  may  disappear  out  of  sight  and  then  fre- 
quently is  found  again  only  with  difficulty.) 

[Another  way  of  determining  the  site  of  an  opacity  is  by  its  relation  to  the  corneal 
M'flüx.  We  use  the  direct  illumination;  that  is,  we  stand  about  a  foot  or  so  in  front  of 
the  patient,  and  throw  light  directly  into  his  eye.  If  his  eye  is  directed  straight  at  ours, 
we  will  Hce  the  bright  corneal  reflex  about  in  the  center  of  his  pupil.  If  now  he  moves 
t  m\  (?yc  in  any  direction,  the  reflex  leaves  the  center  of  the  pupil  and  approaches  the 
rriiirgin  of  the  cornea.  At  the  same  time  we  notice  how  any  opacities  that  may  be 
Hjf  uated  in  the  area  of  the  pupil  seem  to  move.  An  opacity,  which  appears  close  to  the 
corneal  reflex  when  in  the  center  of  the  pupil  and  keeps  close  to  the  reflex  in  all  its 
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,  mils!  be  situiitiHi  at  or  near  the  piwtenor  pole  of  the  lens,    Sut-h  an  op«eit>% 
is  produced  by  a  posterior  polar  or  posterior  corrieul  caturaet.     On  the 
hlLnd  the  more  remote  an  ofKtcily  is  frurn  the  posterior  pole  of  the  len«,  whether 
ifrocii  oC  it  or  behind,  the  further  and  more  cjuickly  wiil  it  appear  to  separate  from 
the  coTfiesl  reflex  when  the  eye  is  moved. — DJ 

Dij4t,  iU-de&ned  shadows  on  the  red  background  of  the  pupil»  whioh  cliange  their 
porttkwt suddenly  on  moving  the  mirror,  are  to  be  referred  to  irregularities  of  the  refract- 
ing «tofaci«  (mo6t  fretjuently  to  faceting  of  the  cornea);  the  irregular  astigmatism^  so 
«iuwd«  ftirther  betrays  itself  by  the  fact  that  th»  image  of  the  fundus  appears  irregularly 
dHtorted. 

ITh«  pPMence  in  the  eye  of  a  Iarge-«i2ed  solid  mass,  especially  a  tumor,  can  be 
te«Q  by  transüluminntwn.  This  can  be  used  even  when  the  len^  \»  ofmqtie,  so  that 
the  ophthfthnoscope  is  not  available.  Special  instruments  for  transilluntination  of  the 
If»  (uive  been  devised  by  Leber,  Saclia,  and  Wurdemann  (see  Fig.  25),  If  these  are 
tppbed  to  the  sclera  u  red  glow  is  seen  in  the  pupil.  If  the  tight  is  interrupted  in  any 
pbc»  by  a  solid  mn^i,  the  red  glow  is  replated  hy  a  more  or  less  dense  shadow. — DJ 
Dätkümin ATtox  4ir  THE  REra.\tTioN.* — The  determination  of  the  refraction  by 
the  opbthainiLiscope  may  \*e  accomplished  in  three  ways:  with  the  erect  invage,  with 
the  iaverti*d  image,  and  by  the  shadow  te^t, 

(I»  Determination  of  the  refraction  with  the  erect  image.     When  the  eye  under 
aamtnaliou  ia  emmetropic^  the  rays  emitted  from  the  illuminated  retina  emerge  paraUal 


[FlO.   25, — Wt71U>EMA3fM'9   TllANaft^UDlftNATOIl   OR  DtArHANOVCOP*«^ — 0j 

tofiieh  other  (as  shown  in  Fig.  U);  hence  the  observer's  eye,  which  in  all  that  follows 
«IP  shall  jLT^ume  to  be  emmetropic,  can  without  exercising  any  accommodalinn  unite 
^  »harp  image.  Emmetropia,  however ^  represents  the  only  condition  of  the 
t'  in  which  an  emmetropic  olisorver  can  without  ulterior  aid  see  distinctly 
fr  I  '  ■'■  ^  fundus:  when  the  piatient's  refraction  is  of  any  otlier  nature,  the  observer, 
\(»  M .   rl.  rvrly.  must  use  either  a  glass  or  hi»  accommodation. 

In  tlie  first  place,  suppose  the  eye  under  examination  (.4,  Fig.  2*^)  to  Ix?  myopic, 

witij  ita  fmr  point  at  F  so  that  the  rays  coming  from  F  are  united  on  the  retina  at  / 

{mm  f  143).    F  and  /  are  conjugate  foci,  and  the  course  of  the  rays  would  therefore  be 

Üat  ««Die  if  they  sliould  pnjceed  in  the  opposite  direction — i.  e.,  from  /  toward  /';  in 

Cimt  tnat;^  they  would  l>e  united  at  F,  as  they  emerge  from  the  eye.    A  point  /  of  the 

fttiOft,  diurninaled  by  the  opljthalmosci»|.ie,  will  then  emit  a  busdle  of  rays  converging 

•t  F;   ami  at  this  distance  there  is  produced  a  i'U>ar  image  of  the  illuminated  fundus. 

TIm^  f>baerver*8  eye,  which  is  placed  at  a  short  distance  (a  few  cent  iiiiet res)  from  the 

«y»  A,  vmuld  catch  tlie  rays  emitted  from  the  latter  licfore  they  were  united  at  F — 

that  19,  while  they  still  had  a  certain  amount  of  convergence.     But  the  obser\x*r*s  eye, 

VÜVü  it  were  hypermetropic,  is  not  in  a  piisition  to  unite  convergent  rays  into  a  sharp 

mmtgt.    If  the  eye  is  enunetn»pic,  as  we  will  assume  it  to  be,  the  rays  which  fall  %ipon 

il  otysl  first  be  made  parallel,  which  evidently  is  accomplif^hed  by  a  concave  leits,  L, 

of  tbe  proper  strength.     This  would  be  a  lens  of  such  fiM'al  length  that  its  principal 

fbet»  would  coincide  with  the  point  F,    Now,  how  is  this  lens  related  to  the  degree  of 

UKjGfm  of  the  eye  under  investigation?    If  we  imagine  the  course  of  the  rays  reversed, 


*Tbt  Mowiim  rvniju^k»  with  regard  to  the  determitiation  of  (he  rpfraction  pr«<u|ipos<9  for  itieir 
'^    I  Ml  BAiiiAtatMaoe  with  Part  IV  of  tbi»  bcxik,  whirli  tre;ira  ut  the  rerr»ctKiii  of  the  eyo. 
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then  parallel  rays  coming  from  in  front  and  falling  upon  the  lens  L  would  be  rendered 
by  the  latter  so  divergent  that  they  would  come  to  a  focus  upon  the  retina  of  the  myopic 
eye;  the  myopic  eye  accordingly  would  get  sharp  vision  with  this  lens  for  parallel 
rays — that  is,  rays  coming  from  an  infinite  distance.  L  would  therefore  be  the  correct- 
ing  glass  for  the  myopia  of  the  eye,  A.  We  can  hence  say  this:  In  order  that  an  emme- 
tropic observer  should  see  clearly  the  fundus  of  the  myopic  eye,  A,  he  must  use  the 
same  glass  that  will  correct  the  myopia  of  this  eye.  If,  therefore,  an  emmetropic 
observer  has  to  determine  the  refraction  of  a  myopic  eye  with  the  ophthalmoscope,  he 
keeps  placing  concave  glasses  before  it  until  he  finds  one  with  which  he  gets  a  sharp 


F-c.:: 


Fig.  20. — Correction  of  Mtopxa  bt  a  Concave  Lens. 
The  eye  is  drawn  of  the  natural  sise  of  a  myopic  eye  having  an  axial  length  of  27  mm. 

view  of  the  fundus  in  the  erect  image;  the  glass  employed  gives  directly  the  degree  of 
the  myopia.  The  same  principle  holds  good  for  hypermetropic  eyes,  only  that  convex 
instead  of  concave  glasses  are  required.  The  rays  emitted  from  the  hypermetropic 
eye,  A  (Fig.  27),  are  divergent,  and  the  more  so  the  higher  the  hypermetropia  is.  The 
convex  glass,  L,  which  is  required  in  a  given  case  of  hypermetropia  in  order  to  render 
parallel  the  divergent  rays  emerging  from  the  eye  and  thus  make  it  possible  for  the 
emmetropic  observer  to  perceive  the  fundus,  is  the  same  as  that  which  renders  rays 
falling  upon  the  eye  in  a  parallel  direction  so  convergent  that  they  are  unit«d  upon  the 
retina,  and  is  therefore  the  glass  which  corrects  the  hypermetropia.    Hence  the  degree 


Fig.  27. — Correction  of  Hypermetropia  by  a  Convex  Lens. 
The  eye  is  drai^ii  of  the  natural  sixe  of  a  hypermetropic  eye  having  an  axial  length  of  21  mm. 

of  hypermetropia  of  the  eye  under  examination  is  given  immediately  by  the  convex 
lens  with  which  the  emmetropic  observer  sees  the  fundus  distinctly. 

An  emmetropic  observer  can  also,  it  must  be  noted,  cause  divergent  rays  to  focus 
upon  his  retina  by  calling  his  accommodation  into  play,  and  in  this  way  can  see  the 
fundus  of  a  hypermetropic  eye  distinctly  even  without  the  aid  of  a  convex  glass.  But 
as  one  can  not  estimate  precisely  the  degree  of  accommodation  thus  applied,  it  is  im- 
possible to  determine  the  amount  of  hypermetropia  with  precision  by  proceeding  in 
this  way. 

How  is  it  in  tliose  cases  in  which  the  physician  himself  is  not  emmetropic?  In 
that  case  he  must  simply  correct  in  addition  his  own  ametropia.  If,  for  instance,  an 
emmetrope  is  examining  an  eye  having  a  myopia  of  2  D  ,  he  needs  for  this  purpose  —  2D. 
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if  tbf>  obitrver  )um«)clf  shmild  have  a  myopia  of  3  D  ^  lie  would  hüv(*  u>  tnko  in  addl- 
tioo  —  3  1>  for  hiiJi'^lf ;  hencse  he  wouJd  employ  a  glass  of  —  5  D.  If  the  ob*«erver  were 
S  Igrpefliitrope  o{  l  [>  ,  he  wooJd  need  f  II*  for  rhe  (•«»rrertRin  of  his  own  ametropia; 
II^B,  in CVinibi nation  with  the  ^^  2  D  whieh  are  wquired  fur  the  eye  under  examination, 
I  m  kns  tif  —  ID.  A  tiimilar  pn^cedure  masi  l>e  adopietl  in  rrn>se  fren^uently  oc- 
i  in  whicii  the  obeer^-er  in  indeeii  emrr»etropM\  but  run  no(  rornplet^ly  relax 
hs a«roDiRKidat ion  dtiring  the  ophthahnoscopie  exaniinuiioiL  He  iw  then  io  ho  regarded 
^  A  myop^,  iimtsmnth  »8  he  has  to  neutralize  his  residual  aecomiiuKiation  by  a  eorre- 
concAV^e  glass, 
fW»  have  to  do  the  same  thing  if  the  patient  iiE$e»  his  accotnodal ion.  The  fact 
'  few  observer!»  are  able  to  relax  their  a«M'omo<lat iouH  <'onipleTely  when  exarnin- 
I  «lyi«  with  the  ophthftlmoscofje  and  that  we  ean  never  lie  sure  that  the  patient 
'  is  not  using  some  ac-eomoclation,  renders  the  determinatinu  nf  \hv  refraction  by 
I  diroet  mrfhod  pretty  uncertain,  and  there  are  very  few  opht hidomlogisis,  who  can 
■mtrr  she  refraction  in  this  way  to  within  one  D. 
If  vte  examine  by  tfie  direct  methixl  an  eye  with  a  notable  aiuiiunt  of  asHgrnaHAm 
i  detail«  of  the  fundus*,  p.  g  ,  the  vertical  ves^seln,  will  ronie  out  distinctly  with  one 
I  while  rlie  vessels  at  right  anglen  will  be  seen  f)est  with  another — the  difference  in 
Ih  between  the  two  glasses  being  approximately  {?<iuivalent  to  the  amount  of 
tto  astigtnati^m.  In  thia  case  we  must  recolleet  that  the  gla^sM  with  which  we  «ee  one 
MC  of  Vt»eli*  givp*  the  refraction  of  the  meridian  at  right  angle,*?  to  them.  ThiLs,  if  we 
9tm  iht  vertical  ve*?Heb  with  a  ^  3  D  ,  and  the  horizontal  vessels  with  a  plane  gltuM, 
the  tTcrtical  meridian  is  emmetropic  and  the  liorizontal  meridian  is  hypermetropic 
Z  P.^D  ] 

(2)  TKb  tUiermituUüm  of  the  rcfracJum  vnih  the  aid  of  the  inrrrhd  imatje  b  done  by 
the  metiiod  prüpo«i?<I  by  Schmidt- Riinpler,  I  he  principle  of  which  is  aa  follows:  The 
moeave  mifrcirf  S  S  (Fig.  121,  forms  at  its  forui^  a  sharp  image  of  the  flame  thai  is  used 
«•  the  »rirec  of  light  in  making  the  ophthalmoscopic  exatnination,  Fhia  image  hes 
bitwcvti  the  mirror  and  the  convex  lens  {I).  Hays  emanating  from  it  are  by  meatii*  of 
tfa^lefis  thrown  up«7n  the  retina  of  the  patient's  eye  to  form  there  a  new  image  of  tlie 
ÜAfiM»«  which  the  observer  sees  ujx>n  the  funduH.  Whether  this  latter  image  is  sharp 
9t  not  depends  upon  various  circimistancea:  upon  the  strength  of  the  mirrtir  an«!  the 
lene;  upon  the  distances  between  the  lamp,  the  mirror,  the  lens,  and  the  eye;  and 
\miif  itpon  tlie  refraction  of  the  latter  By  taking  all  these  factors  into  co ivs idem t ion 
li*  CttO  öeiermine  the  refraction,  provided  we  iiscertain  the  distance  at  whi**h  the 
«Imotw  haa  to  be  in  order  to  sec  the  image  of  the  Ha  me  ujxm  the  fundus  of  the  f>atient's 
•y» d»tinerly.    For  t  his  purpose  t he  apparat  us  devisod  by  Schmidt  -R impler  is  employed. 

(3)  The  determination  of  the  refract i<»n  by  rneauü  of  tlie  shfitlow  test  wna  discovered 
hjr  CuigDet,  who  called  it  kemtoscopy.  It  is  also  known  as  pupilUwcopy,  retim»scopy, 
aiid  duMSCopy  (rcKm,  shadow).  In  using  it,  Ihe  obncrver  places  hiiiuseif  at  a  distance 
ol  mther  more  than  one  metre  frtim  the  patient^  and  ihrowH  light  into  his  pupil  by 
avuu»  of  a  concave  nurror.  When  the  mirror  is  in  a  certain  position,  the  whole  pupil 
w^lftmmt  ol  a  ^^ivid  red;  tlten  if  the  mirror  is  turnc'd  a  little  on  iti^  vertical  axis,  a  black 
lihidöw  aptiears  at  the  edgi*  of  the  pupil  and,  as  the  mirror  ih  rotated  Ktill  more,  patitses 

iiole  area  of  the  pupil,  nntd  the  latter  is  txmipletely  dark.    From  the  direction 

ne  sinulow  travels  the  refmetive  state  of  the  eye  luider  examination  can  be 

i      To  accomplish  this,  we  nuist,  to  start  with,  have  a  clear  comprehension 

Ncance  of  i he  illuminated  portion  of  the  pupil  ami  of  the  shadow  respectively. 

vns  of  the  mirror  a  point  of  the  fundus  is  illuminated,  and  fn>m  this  point 

.'  returmHl  in  sucfi  a  way  that  a  pijrtion  of  them  pass  out  again  through  the 

pu)id     i  be  dirBction  which  these  rays  lake  on  emerging  is  detennined  by  the  refraction 

ti  tbv  eyp.     If  myopüi  is  present^  we  know  that  the  emergent  ray»  will  eonvergt^  so  as 

lÄ  DMet  At   the  far  pf^»int  of  the  eye.     In   Fig.   28  let  J   P  and  Pi  Ji  be  the  iris, 

lad  F  /*  the  pupil  of  tlie  patient'»  eye.    The  rays  emerging  from  the  pupil  unite  at  the 

ht  point  R  of  the  eye.    If  we  supfMJse  that  by  means  of  the  mirror  a  pxiint  of  the  retina 

ii  Üomiofttfid  which  Ueä  somewhat  to  the  right  of  the  line  connecting  the  pupillary 

I  of  the  obeerver's  and  of  the  paiient^s  eyea,  R  will  be  situat^jd  correspondingly 
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far  to  the  left  of  this  line.  From  R  the  rays  (ndk  become  divergent)  continue  on  their 
way  toward  the  observer's  eye,  which  we  will  now  suppose  to  be  beyond  R.  Let  %  p 
and  p  i  represent  the  iris,  and  p  p  the  pupil  of  this  eye.  Now  j?  p.  does  not  take  in  all 
of  the  conical  sheaf  of  rays  emanating  from  /2,  but  only  a  portion  of  it,  having  p  o  as 
its  base.  The  remainder  of  the  cone  falls  upon  the  iris  p  t.  Since  the  rays  consti- 
tuting this  part  of  the  cone  are  not  seen  by  the  observer,  the  portion  of  the  pupil  which 
is  opposite  to  them,  and  from  which  they  come  (represented  in  Fig.  28  by  the  lines  of 
shading),  appears  unillimiinated;  the  only  portion  of  the  pupil  that  does  appear  illu- 
minated being  that  which  is  here  shown  as 
unshaded,  and  from  which  the  observer 
receives  rays  that  enter  his  own  pupil.  The 
dark  and  the  luminous  portions  of  the 
patient's  pupil  are  separated  by  a  curved 
line,  since  the  boundaiy  between  the  two  is 
formed  by  the  pupillary  edge  p  of  the 
observer's  eye.  Thus  the  circle  at  the  bottom 
of  Fig.  28  represents  the  pupil  of  the  patient's 
eye  seen  from  in  front;  the  portion  of  it  left 
unshaded  in  the  figure  corresponds  to  the 
illuminated  part  of  the  pupil. 

Now  suppose  that  by  a  rotation  of  the 
mirror  the  spot  of  illumination  in  the  fundus 
shifts  in  such  a  way  that  R  travels  farther 
to  the  left.  Then  more  and  more  of  the 
emergent  beam  will  fall  upon  the  iris,  and 
less  and  less  of  it  will  fall  upon  the  pupil  of 
the  observer's  eye,  and  the  shadow  in  the 
pupil  of  the  patient's  eye  will,  as  the  arrow  in 
the  circle  indicates,  advance  farther  and 
farther  toward  the  left  pupillary  margin, 
until  finally  the  whole  pupil  appears  dark. 
The  shadow,  therefore,  moves  in  the  same 
direction  that  R  does. 

We  have  now  to  determine  how  the 
movements  of  R  are  related  to  the  move- 
ments of  the  mirror.  If  a  concave  mirror  is 
employed,  it  forms  at  its  focus  an  image  of 
the  lamp  flame  which  lies  between  the  mirror 
and  the  patient's  eye  and  serves  to  illu- 
minate the  latter.  If  the  mirror  is  rotated 
to  the  left,  the  image  of  the  flame  also  travel! 
to  the  left.  But  as  the  portion  of  retina  illu- 
minated by  the  image  of  the  flame  must 
always  lie  on  the  side  diametrically  opposite 
to  the  latter,  it  must,  with  the  movements  of 
the  mirror,  move  in  a  sense  opposed  to  that 
of  the  image  of  the  flame — i.  e.,  to  the  right 
(from  B  to  ß,  in  Fig.  28).  But  the  point  of  union,  Ä,  of  the  emergent  rays  lies  diamet- 
rically opposite  to  that  occupied  by  the  illuminated  portion  of  the  retina;  hence  R 
will  move  to  the  left— i.  e.,  in  the  same  direction  as  the  mirror.  Now  since  R  moves 
to  the  left  when  the  mirror  is  rotated  to  the  left,  and  as  the  shadow  in  the  pupil  travels 
to  the  left  when  R  moves  to  the  left,  we  may  say, 

When  a  concave  mirror  is  used  the  shadow  in  the  patienCs  pupil  moves  in  the  same 
sense  as  that  in  which  the  mirror  rotates^  provided  the  far  point  of  the  patienVs  eye  lies 
between  his  eye  and  the  observer's. 

These  relations  are  reversed  when  we  come  to  examine  a  myopic  eye  whose  far 
point  is  beyond  the  observer's  eye.    By  constructing  Fig.  28  so  that  R  lies  beyond  i  p, 


B»^->B, 

Fig.  28. — Shadow  Test  in  Myopia. 
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w^  be  foxind  that  in  thi«  case  the €lurninated  portion  of  the  pupil  lies  on  the  right 

,  said  that  »8  R  MUb  to  the  left  the  shadow  goes  to  the  right.    The  like  is  true  for 

s  in  which  the  far  point  of  tlie  patient*«  eye  Ues  behiod  I  he  latter,  aa  is  the 

M  in  hißptnnetropia.     This  will  lie  clear  from  Fig.  29.    P  P,  repreBenta  the  pupil  of 

a   hypcrmeiropic  eye,  from  which  the  ra3re 

(bat    eitmnata    from    tlie  retina    pass    out^ 

uütins  a  divergent  course.    They  thus  form 

a  ivkfte  whose  apex  liea  behind  the  eye  at  its 

far  point,  R.    If  the  illuminated  portion  of 

the  retina  lie«  to  the  right  of  ihe  line  con- 

ncirfing   the    pupillary    centers    of    the    two 

•ye«t  ^  i«  a^  found   to   the   right   of  the 

"tier.    The  pupil,  p  p,  of  the  oliöerver's  eye 
^liLkf«  m  only  that  part  of  the  conical  sheaf  of 

t%y%  which   oorreBponds   to   the   right-hand 

portkm  of  the  patientV  pupil   (the  portion 

Ml    unshaded    in    Fig.    29).     The   left-hand 

portion  nf  the  patient's   pupil    (represented 

'  ''S  of  shading  in  the  figure)  remains 

ti:       .    .:,aied,  bec^iuse  the  raya  that  come 

out  from  it  no  longer  fall  upon  the  observer's 

ffapL    The  more  R  moves  to  the  right,  the 

mcirv  the  uniUuminated  portion  of  the  pupil 

is   displticed    to   the   right    in   the  direction 

iodiaited  by  the  arrow  in  the  circle  lielow. 

Tl«  shadow,  therefore,  travels  in  the  same 

directiaii  that  R  does,  at»  is  also  the  case  in 

IBfOpia  when  the  far  point  lie»  in  front  of 

th*  obtecver*«  eye  (Fig,  28).    The  difference 

iKtween  the  two  case»  ]\e&  in  tlie   difTerent 

rvlaiion  that  the  movement  of  H  has  to  the 

rotütion  of  the  mirror.     If  the  concave  mirror 

iirolalMl  to  the  left,  the  image  of  the  flanjc 

fiKidiieed  by  it   travels  hkewise  to  the  left, 

mntl  the  **pot  of  illumination  upc»n  the  retina 

UmvrU  to  the  right  (from  B  to  ßj.    1  hon 

tfa»  beam  of  rays  returning  from  this  spot  of 

Bhoxiiiiation  shift«  to  the  left,  liut  R,  »ince 

in  tb©  hypermetropic  eye  it  lies  at  the  pro- 

iongfttloti  of  these  rays  backward,  moves  lo 

the  rigbi.    /?,  therefore,  moves  in  a  direction 

oppustte  to  that  in  which  the  mirror  rotates, 

and  the  i^me  is  true  of  the  pupillary  shatlow, 
^vhkli  always«  moves  in  the  same  way  that 
does. 
Hente  when  a  concave  mirror  is  ustd,  the 
m/>j'c^  in  a  direcHon  nppnHÜe  to  thai 

im  wkith  the  mirror  is  rotated,  provide^i  the 

/«f  pairU  of  the    pfiticnt^B  eye  lies  behind  the 
r*M   eye  {in  Unv  deijrets  of  myofna)  or 
the    ptti tefU^»  rye   (in    hypermetropui). 
The  way  in  which  the  shadow  moves,  therefore,  depends  \i\mn  the  relative  situa- 
tion of  the  far  jxiint  and  the  observer's  eye.    if  the  observer  stations  himself  at  a 

disiant?«  of  mther  more   than    1    m.  (say  120  cm.)  from   the  patient's  eye,  R  lies 

between   the  two  eye^ä  when   there   is   myopia   of   1    D    or  more,  because   then  the 

patisfit's  far  point  Ucs  at    1    metre  or  l^m   from   his  eye.      In   myopia  amounting 

10  leaf  ibaii  1  D   the  far  point  lies  behind  the  observer's  eye,  and  the  same  is  true 


B  m-^  B  '* 

Fio.  20» — Shadow  Test  ith  HrnGRjiernoPtA. 
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of  emnietropia,  in  which  the  far  point  lies  at  infinite  distance.  In  hypermetropia, 
on  Ihe  other  hand,  the  far  pxiint  he»  l>ehind  the  parient's  eye.  Fmni  these  fav\a 
are  denveti  the  following  rnle^  for  ntudurtiiig  the  Bhadow  test: 

The  observier;  standi  Jig  al  rather  intire  than  I  metre  fmni  the  patient,  iliuminfttes 

the  eye  with  a  cmieave  mirror,  and 
miticeü  tlie  way  in  which  the  slmdow 
moves  in  the  patieats  pnpil  00  il^e 
mirror  is  rotated.  If  the  shadow 
nKives  in  the  same  dire<'tion  timt  the 
mirror  rotates,  there  is  myopia  of  1  D 
or  more.  Then  suceessively  .stronger 
eniirave  glasries  are  set  l)efore  the 
pat  lent '.s  eye  in  a  trial  fratiie^  until  a 
glasis  is  found  with  wliich  the  shadow 
travels  in  the  reverse  dirtnaion.  Thi 
glass  earries  the  far  point  of  the  e; 
to  jast  heyond  I  metre  (corresponding 
to  a  refru€(ive  fmwer  of  1  I)  );  aad 
the  la^t  gisks»,  u  I).,  with  wliich  I 
shadow  still  moves  in  the  tuame  sei; 
aa  the  tnirror,  corrects  the  myopia 
the  patient  s  eye  up  to  approximatel 
1  D.  Hence  the  total  myopia  of  t 
eye  is  n  D  -   1  D. 

If,  when  the  mirror  is  mtatetl.  «{ 
movement  of  the  shadow  take«  plac 
in  iheoppixsite  direction,  theit*  is  tlien 
in  tlie  eye  that  is  being  exainine^l 
either  myopia  le,ss  than  1  D.orernme- 
t  ro  p  i  a  o  r  I  i>^ieririe  t  n )  pi  a .  In  t  f  i  is  ca-se 
a  series  of  convex  glasses  is  placet i 
before  the  patient's  eye  until  the 
siiadow  l>egins  to  tnove  in  the  same 
direetiim  as  the  mirror.  If  this  glss& 
is  "  D  ,  the  refraction  of  the  patient's 
e>*e  k  n  D  —  \  D. 

[If  we  give  the  name  rei^ertdrtfj 
g\»8s  to  the  lens  which  in  any  ease  jiLst 
euffiees  to  give  us  a  tno%'ement  with 
the  mirror,  (any  lens  that  is  more 
eoneave  or  less  convex  giving  us 
movement  against),  we  may  enunciate' 
the  ahove  rules  more  simply  as  follows: 
If  we  add — I  D  to  the  reversing  glass 
we  shall  gel  the  glas>s  that  correets. 
the  patient's  refraction. 

The  observer  may  stand  at  any 
distance  from  the  patient  other  than 
a  metre.  For  example,  he  may  stand 
at  two  metres.  In  that  case,  since  the 
reversing  glass  obviously  puts  the 
patient's  far  jioint  just  in  front  of  the 


<JVt 


[Fm.  W. — MAapLB's  SKiA^tcopr. 

Th«fle  »kiitacopiiw  nre  datlKntHJ.  to  he  ItcJd  by  tho 
IMUient  before  the  eye  during  retino»ropic  examina- 
tion. Eftch  cunlajn!«  a  aer'w»  of  »Ix  ienaem^  rancins 
frum  I  to  3  dioptrii^j,  ptus  and  minus  reip«cstivety. 
fn  addition  to  ttieM^  leuse«  there  i»  on  ofie  side  a 
movable  slide  eontamin«  a  6  D  lens,  which  can  b« 
auickly  alippprl  up  over  the  other  lenw?"  one  aftur 
the  other,  makkitl  further  cumbtnatiuns  fruin  7  D  to 
12  D,  To  determine  «mailer  error«  within  I  U  a 
itiide  containing  three  Jenaet,  0.25,  0.60,  and  0J5  D. 
respectively,  is  placed  on  the  other  «id«  and  can 
be  brnuxlit  before  the  other  lenses.  On  tbe  akJa«cope 
cuntaiuicig  the  pluii  lenws  the  raovahle  alide  carries 
miitua  rractionft.1  leoaes,  and  viee  Vprsa.^D.1 


*  IIiiAtead  of  placinü  a  number  of  glatwe«  one  after  another  in  a  trial  frame,  we  may  aJso  emplo;^ 
a  re^'olvingc  dii^k,  a  :^et  of  lorgnette  frame»,  or  an  oblonic  «tide  in  which  a  wertem  of  isueh  j^las^et  la 
permanently  tixed  after  Uie  fa«hion  of  an  opKthalmoACope.  8uch  an  appliaoce.  which  i«  ctilt«d  a 
lAruycope,  (riir.  SOvaltows  the  j^bksae«  before  the  patient's  eye  to  tie  »hifti^  rapidly  either  by  tba 
patient  himself  or  by  the  physician«  wiithoui  ihe  latter  having  to  mov  e  from  his  station. — Dd 
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Bye,  the  patient  with  the  reverning  glflis«  on  will  bo  myopic  0.5  D  and  to 
find  tbe  true  correcting  glass  we  shall  liave  to  adci  —  P. 5  D  instead  of  —  1  D  to  Ute 
iweniKig  glass.  So  if  we  stand  at  hiilf  a  met  re  we  sliall  have  to  add  —  2D  to  the 
rerontcig  gla»  to  get  the  proper  correction. 

We  ck»t«nnine  astigmatism  witli  the  shadow  test  by  ascertaining  the  refraction  of 
Um  two  principal  meridians  sepanitely.  For  example  if  with  ttie  concave  mirror  at 
one  metre  we  obtain  reve-nail  in  the  vertikal  meridian  with  -f  2.5  D  and  in  the  horizontal 
Qiendian  with  r  4.5  D  there  is  an  astigmatisni  of  2  D  and  the  correcting  glass  is 
r  LäO  n  »ph.  C  2.00  cyl.  ax.  90'* 

A  more  »cciirate  way  of  deteriiiining  the  a^stigmatiHtii  by  tlie  shadow  test  is  to 
«seütain  tlie  npfnwMion  of  one  of  the  prin(ij:»al  meridians  with  a  sptierk-al  gla««;  then 
leaving  this  glass  in  sitti,  to  place  a  cylindrical  gla8»  with  its  axi.s  in  tlie  meridian  thus 
eofrected  and  keep  on  clianging  the  cylinder  iinlil  with  the  two  gl0H.se»,  spherical  and 
esrltndrical^a  complete  and  unifomi  reversal  k  obtained  in  all  meridiaiKs  at  once.  This 
method  has  the  advantage  of  indicating  botli  tlie  axis  and  the  amount  of  aätigmatisni 
with  great  pnecision. 

Hogitlar  astigmatism  of  any  amount.  Is  shown  in  the  aliadow  te«(  by  the  pressence 
fmhuiclof  hgtit  which  always  nitui  in  the  dire<'tion  of  one  of  the  two  princi(>iil  meridians, 
>  »|»p«iars  a.s  follows:  When  a  glas»  is  put  on  which  i.s  aUmt  equal  to  the  reversing 
I  for  either  one  of  the  princijKÜ  meridian.s,  the  illyiiiinated  an^  cjf  the  pupil  im^tead 
rapfxsmring  round  is  tmnsformed  into  an  elongated  oval  or  into  a  band  of  hght  which 
nin*  in  the  direction  of  the  meridian  thus  corrected,  riien,  no  mat  1  er  how  the  mirror 
m  nioved,  the  movements  of  the  shadow  teud  to  take  place  at  riglit  angles  to  this  band. 
Th»  hmMiid  of  light  is  an  important  indication  nini-e  it  runs  in  the  precise  direction  in 
vhidi  the  axis  of  the  correcting  cylinder  is  to  lx>  placed. 

The  presence  of  irregular  astigmaiism  is  shown  in  the  shadow  te«t  by  confused 
Rhadaws  which  move  irregiilariy  and  in  various  directions  across  the  pupil;  often  by 
th*  presence  of  two  shadows  which  come  simultaneously  from  opposite  sides  of  the 
popii  to  meet  each  other  (scissors  niovement),  — DJ 

The  shadow  test  can  alstj  be  c<mducted  with  the  plane  mirror.  With  this  the 
'mmtSß  of  the  flame  lies  beliind  the  mirror,  and  hence,  when  the  latter  is  rotated,  moves, 
not  with  the  mirror,  as  is  the  case  when  this  is  LTmcxive,  l)Ut  in  the  opposite  direction* 
Aeoordingly,  the  movement  of  the  pupillary  shadow  with  relaiion  to  the  rotation  of 
rhe  mirror  is  just  the  reverse  of  that  which  obtains  with  tlie  concave  mirror.* 

In  either  ease  this  method  is  of  great  simplicity;  of  all  methods  it  is  the  easiest 
to  Jcftniy  and  has  the  advantage  that  in  it  the  refraction  and  accommodation  of  the 
öfcMfTpr  do  not  need  to  be  cimsidered.  Withal  it  gives  as  exact  results  as  any  one  of 
the  «Alter  methods.  [The  sliadow  test  is  one  of  the  most  accunitc  of  our  methods  of 
drcenntniiig  objectively  the  refraction,  and  of  cheeking  the  results  of  tlie  sTibjective 
fxammalion,  and  should  l>e  carefully  studied  and  practiced.  It  usually  retiuires 
dil  iT  i*  it»ti  of  the  pupil  and  relaxation  of  the  accommodation  with  liomatropine,  although 
r'  accurate  determinations  can  l)e  matle  without  this.     If  the  pupil  is  dilated 

^  \  ry  to  oliserve  the  movemctit  of  the  shadow  in  the  area  which  corresponds  to 

'L^f  ctccupjed  by  the  pupil  when  normally  contracted.  This  i^Vwj/  arm,  or  c*'iitral 
f>nmon  of  the  pupil,  which  the  jrnatient  habit ualiy  uses  for  seeing,  sometimes  differs 
markedly  in  refniction  from  the  jjeripheral  area  of  the  pupih  I'nless  attention  is  paid 
to  tili»  i^ioint  and  the  movement  of  the  shadow  in  the  visual  area  is  taken  instt^tid  of 
that  in  the  f^eriphery,  a  false  estimate  of  the  refraction  may  be  made.-  D.] 

A  superheiid  estimate  of  the  refraction  of  an  eye  can  he  got  whenever  an  oiiserver 
I  ttome  distance  (say  about  the  ordinary  reading  distance)  from  it  is  able  to  see  pi»rtions 
[  the  fundus.    This  is  the  case  boih  in  marked  myopia  and  in  marked  hypermetropia. 
in  Parked  myopia  the  ra^^s  emanating  from  the  eye  come  together  in  front  of  and 
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*  tf«  >^  the  i»hMlow  move«  in  the  opposite  rlirection  to  that  in  which  the  mirror  m  rotated — ^movt» 
J  lb*  nffhl  wh«!U  ih*  mJTTur  is  rotntewJ  tu  ttie  Ivft,  or,  iv^  ihe  phrtiNe  i^  nuivt*«  '*a^eaio«t"  thr  mirror 
IMyOfMia  ol  «uch  m  deKree  that  I  he  piiiicot'n  far  poiut  is  betw«?*«  him  ajj<t  the  ob«erver;  and  in  all 
"  mtm    in  lea»  deKteea  of  myopia    iii  emmetropla    and  in  liypcrmetropia — moves  *'with"  th.6 
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very  close  to  it  at.  its  focus  F  (Fig.  26),  where,  accordingly,  an  inverted  image  nf  ^|ie 
fundus  is  produced,  and  that  without  the  aid  of  a  convex  glass.  The  observer  can  see 
this  imagel^eTpIaces  himself  at  a  suitable  distance — e.  g.,  the  ordinary  reading  dis- 
tance. That  it  is  an  inverted  image  which  he  sees  is  obvious  from  the  fact  ^^^J^jJSXB 
to  the  right  when  he  moves  his  hMd^&ndjaJmaLtQjthe  left,  and  vice  versa^T^he 
obser^erj^prSacBSTTR^paRienrreyS^heim^  indis- 

tinct and  soon  disappears  altogether,  because  the  observer  then  gets  so  close  to  it  that 
he  can  no  longer  accommodate  for  it. 

In  marked  hypermetropia.  too,  the  image  of  the  fundus  can  be  seen  at  some  dis- 
tance  from  {Ke'eye.  but  in  this  diflSTt  is  an  erecTifnSiK.  It  lllUVW  ill  IM  same  direction 
that  the  observer  moves,  and  remains  distinct  when  the  latter  approaches  the  patient's 
eye.  Wfi  can  ilius  determine  whether  we  are  dealing  with  a  high  degree  of  myopia  or 
of  hypermetropia. 

The  presence  of  regular  astigmatism  may  be  recognized  from  the  change  of  shape 
which  the  papilla  undergoes.  In  regular  astigmatism  one  meridian  of  the  dioptric 
system  of  the  eye  is  more  refractive  than  the  one  at  right  angles  to  it;  may  be  said,  in 
fact,  to  correspond  to  a  stronger  convex  lens  than  does  the  latter.  Hence  with  the 
erect  image  the  papilla  will  be  seen  under  a  greater  enlargement  in  the  more  refractive 
meridian.  If  the  latter,  as  is  generally  the  case,  is  vertical,  a  round  papilla  will  appear 
like  a  vertical  oval.  But  the  papilla  often  has  in  reality  an  oval  form;  and,  in  order 
to  distinguish  whether  we  are  dealing  with  a  papilla  that  is  anatomically  oval  or  with 
an  astigmatic  distortion  of  a  round  papiUa,  we  must  resort  to  a  comparison  with  the 
inverted  image.  If  the  papilla  is  really  a  vertical  oval,  it  must  appear  so  with  the 
inverted  image  also.  If,  however,  there  is  astigmatism,  the  distortion  due  to  it  in  the 
inverted  image  will  be  the  opposite  to  that  produced  in  the  erect  image — ^i.  e.,  in  the 
example  given  the  papilla  in  the  inverted  image  would  appear  transversely  oval.  (This, 
however,  is  only  the  case  when  the  convex  lens  used  for  forming  the  inverted  image 
is  held  close  to  the  patient's  eye.  If  the  lens  is  gradually  carried  off,  the  papilla  appears 
first  round,  and  at  length  vertically  oval.)' 

Determination  of  Differences  of  Level  in  the  Fundus. — Differences  of  level 
can  not  only  be  appreciated,  but  also  precisely  measured  by  means  of  the  ophthalmo- 
scope. This  is  effected  with  the  aid  of  the  erect  image,  by  means  of  which  the  refraction 
can  be  determined  for  every  point  separately  of  the  visible  fundus.  If  a  point  in  the 
fundus  projects  above  its  surroundings,  as,  for  instance,  the  swollen  papilla  in  neuritis, 
the  axis  of  the  eye  corresponding  to  this  point  is  shorter — that  is,  there  is  a  hyperme- 
tropia. By  determining  the  degree  of  the  hypermetropia  we  can  compute  the  height 
of  the  prominence.  Conversely,  a  point  of  the  fundus  which  lies  farther  back  (for 
example,  the  bottom  of  an  excavation)  possesses  a  myopic  refraction,  from  which  the 
linear  measure  of  the  amount  of  depression  can  be  found.  As  the  basis  of  this  com- 
putation the  rule  holds  that-a-differance  of  level  of  about  1  mm.  corresponds  to  a 
difference  of  refraction  of  '  ^ 

7  [This  ifl  not  so  much  an  evidence  of  the  image's  being  inverted  as  of  its  being  in  front  of  the  eye. 
The  image  of  the  fundus,  in  fact,  appears  to  mov6  to  the  right  when  the  observer  moves  his  head  to 
the  left,  because  it  lies  in  front  of  the  plane  of  the  pupil  to  which  its  movements  are  referred.  On  the 
other  hand,  in  hypermetropia  the  image  of  the  fundus  appears  to  move  in  the  same  way  that  the 
observer  does,  because  the  image  then  lies  behind  the  plane  of  the  pupil.  The  conditions  are  the  same 
as  when  we  are  on  a  moving  train,  and  looking  out  at  the  telegraph  poles  near  the  track,  backed  bv 
trees  in  the  distance.  The  trees  appear  to  move  in  the  same  direction  as  the  train,  and  the  telegraph 
poles  in  the  opposite  direction  the  movements  of  both  being  projected  upon  some  plane  intermediate 
between  the  two. — D.] 

•  [The  fact  that  the  papilla  appears  to  change  its  shape  as  the  convex  lens  is  withdrawn  from  the 
patient's  eye  is  of  itself  a  proof  of  astigmatism.  On  the  other  hand,  an  apparent  change  in  sise  of 
the  papilla,  without  change  of  shape  occurring  when  the  convex  lens  is  gradually  withdrawn,  points  to 
simple  hypermetropia  or  myopia — to  the  former  if  the  disk  appears  to  diminish,  and  to  the  latter  if 
the  disk  appears  to  enlarge.  If  the  convex  lens  is  placed  so  that  its  focal  point  is  a  little  farther  from 
the  eye  than  the  anterior  focus  of  the  latter  (i.  e.,  is  rather  more  than  half  an  mch  in  front  of  the  cornea), 
there  will  be  no  distortion  of  the  image  of  the  disk  from  astigmatism,  and  no  apparent  increase  or  di- 
minution in  sise  due  to  myopia  or  hypermetropia.  As  this  is  the  position  of  the  lens  which  ^ves  an 
undistorted  view  of  the  fundus,  it  is  the  one  that  should  habitually  be  used  in  making  exammationa 
by  the  indirect  method — i.e.  a  2>inch  lens  should  be  held  2^  inches  and  a  3-inch  lens  3i  inches  in 
front  of  tb«  cornea. — D.l 
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Differenoes  of  level  of  the  fundus  are  also  made  apparent  by  parallactic  diapUu»' 
This  is  the  displacement  that  under  ordinary  conditions  of  vision  all  objects 
show  which  do  not  lie  in  a  plane  parallel  to  the  frontal  plane.  With  the  erect  image 
we  i4>preciate  this  parallactic  dispbtcement  if  during  the  examination  we  move  a  little 
from  side  to  side.  In  making  the  examination  with  the  inverted  image  we  move  the 
convex  lens  which  serves  for  the  production  of  the  inverted  image  a  little  up  and  down 
during  the  examination.  If  the  points  of  the  fundus  which  we  have  fixed  upon  lie  all 
in  the  same  plane,  they  do  not  change  their  relative  position  to  each  other  with  the 
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-Pakallactic  Dibflacement  op  the  Inverted  Imaos  of  Points  of  the  Fnin>x78, 
Ltino  at  Different  Levels. 


shifting  of  the  convex  lens.  If,  on  the  contrary,  a  difference  of  level  exists  between 
them,  we  notice  a  displacement  with  relation  to  each  other,  so  that  they  now  come 
nearer  together,  now  go  farther  apart.  Figure  31  may  elucidate  what  takes  place.  Let 
a  be  a  point  on  the  edge,  6  a  point  behind  it  on  the  bottom  of  an  excavation  of  the 
optic  nerve.  If  the  convex  lens  stands  at  I,  the  images  of  the  two  points  Oj  and  b, 
fall  behind  each  other  and  are  superimposed.  If  the  convex  lens  is  now  brought  to  II, 
the  image  of  the  point  a  is  reproduced  at  a,,  that  of  6  at  6,;  the  points  appear  to  have 
separated  from  each  other.  Had  the  convex  lens  been  carried  in  the  opposite  direction, 
the  apparent  displacement  of  the  two  points  would  have  taken  place  in  the  opposite 
sense;  it  would  have  looked  as  if  the  edge  of  the  excavation  had  been  drawn  over  the 
bottom  of  it.  From  the  magnitude  of  the  displacement  the  difference  of  level  of  the 
two  points  can  be  estimated,  but  can  not  be  exactly  computed,  as  is  possible  with  the 
aid  of  the  erect  image. 


I 


CHAPTER  II. 
FUNCTIONAL  TESTING. 

4.  Besides  instituting  the  objective  examination,  we  have  further 
to  test  the  function  of  the  eye.  In  doing  this  we  are  hmited  almost 
entirely  to  the  statements  of  the  patient,  so  that  in  this  respect  we  are 
quite  dependent  upon  the  latter's  intelligence  and  good  will. 

Our  visual  sensations  are  of  three  different  kinds,  inasmuch  as  in 
looking  at  objects  we  take  cognizance  of  their  form,  their  color,  and 
their^^^gghyjggs.  The  faculty  by  which  we  recognize  the  formo^ot- 
jects  is  called  the  space  sense,  and  finds  its  numerical  expression  in  the 
visual  acuity;  the  faculty  by  which  we  distinguish  colors  constitutes 
the  color  sense;  the  faculty  by  which  we  distinguish  different  degrees 
of  brightness  constitutes  the  light  sense.  These  faculties  are  resident 
in  the  retina  throughout  its  entire  extent,  although  in  very  different 
degrees.  In  this  regard  we  must  distinguish  between  central  and 
peripheral  vision. 

Central  or  direct  vision  is  vision  with  the  fovea  centralis.  When 
we  wish  to  see  an  object  distinctly,  we  **tix"  [or  •*tixate^'  or  *' sight  **] 
it — that  is,  we  turn  the  eye  in  such  a  way  as  to  make  the  image  of  the 
object  fall  upon  the  fovea  centrahs,  as  the  latter,  on  account  of  its  peculiar 
anatomical  structure,  gives  us  the  sharpest  vision  that  we  are  capable 
of.  It  is  with  reference  to  central  vision  that  we  test  tne  retraction, 
Tlie  accommodation,  and  the  visual  acuity.  For  more  precise  particulars 
in  regard  to  these  tests,  see  Part  IV  of  this  book,  which  treats  of  the 
optical  defects  of  the  eye. 

Peripheral  or  indirect  vision  is  vision  with  those  parts  of  the  retina 
which  do  not  belong  to  ine  iovea  centrahs  and  which  comprise  by  far 
the  greatest  part  of  the  retina.  Vision  with  the  peripheral  portion  of 
the  retina  affords  a  less  distinct,  a  duller  sensation,  of  wmcn  we  can 
best  get  an  idea  by  holding  the  outspread  fingers  of  our  hand  to  one  side 
of  the  eye,  while  the  latter  is  looking  straight  ahead.  The  farther  from 
the  fovea  cÄitralis  is  the  image  produced  upon  the  retina,  the  more  in 
distinct  is  the  perception  of  its  shape.  For  perceptions  of  movement 
on  the  other  hand  (Exner),  as  well  as  of  slight  differences  of  luminosity 
the  periphery  of  the  retina  is  actuallv  more  sensitive  than  the  center! 

Of  what  use,  then,  is  peripheral  vision,  if  we  can  get  no  well-defined 
perceptions  with  it?  We  can  best  understand  this  by  observing  per- 
sons who  have  lost  peripheral  vision  to  such  an  extent  that  only  the 
fovea  centralis  and  its  immediate  vicinity  retain  their  functional  activity, 
as  happens  in  many  diseases,  especially  in  retinitis  pigmentosa.  Such 
persons  can  sometimes  still  read  the  finest  print,  and  yet  are  in  no 
condition  to  go  about  alone.  We  can  put  ourselves  in  this  condition 
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if  we  fasten  in  front  of  the  eyes  a  long  tube  which  allows  us  to  see  only 
the  point  lying  directly  in  frynt  of  our  üne  of  viaiyn.  We  can  not  go 
aboat  with  such  an  apparatus,  because  we  ätrike  against  objects  every- 
I  where.  Peripiierul  viöiun,  therefore,  is  of  service  in  orient atiün.  How? 
i  If ,  as  we  are  w^alking,  we  look  straight  before  us  and  there  is  a  stone 
I  Ijring  in  our  path,  the  latter  forms  an  image  in  the  periphery  of  the 
'  retitia  of  our  eye,  in  this  case  in  the  upper  pan  of  it.  The  ttone,  to  be 
surep  is  not  ciistinctly  perceived^  but  still  it  excites  our  attention.  Our 
I  gase  is  then  directed  at  it;  it  is  seen  directly;  we  recognize  it  as  an 
^^bstacle,  and  avoid  it.  The  same  thing  happens  if  we  go  out  upon  the 
^Bboet  and  men  come  toward  us  from  one  side,  etc.  The  images  falhng 
l^^upon  the  periphery  of  the  retina  give  us  warning  signal;^  which  make 
us  cast  our  eye  directly  upon  the  objects  which  produce  the  images. 
And  it  is  precisely  moving  objects  that  are  most  sure  to  attract  our 
attention,  since,  as  just  stated,  the  peripheral  portions  of  the  retina 
have  a  high  degree  of  sensibility  for  the  perception  of  movement. 

5.  Examination  of  the  Field  of  Vision. =The  examination  of  the 
the  field  of  vision— that  is,  of  the  limits  of  indirect  vision — nmst  be 
made  for  e^ich  eye  separately.  The  eye  examined  is  directed  at  a  fixed 
point,  in  order  that  it  may  thus  remain  steadily  in  the  same  position, 
while  the  other  eye  is  kept  closed. 

The  simi>lest  way  of  investigating  the  extent  of  the  field  of  vision 

by  using  ^he  hand  as  a  test  object.     The  physician  places  himself 

tly  in  frönt  of  the  patient  and  at  a  short  distance  from  him;   the 

>  jvith  one  eye  at   the  physician's  eye  directly  opposite. 

Lfi  now  close.s  T>is  other  eye  (as  d_oes  the  patient),  and  gracju- 

ally  moves  his  hand  f'rom  the  periphery  inward  over  the  hmits  of  the 

field  of  view;    the  patient  must  tell  as  soon  as  he  sees  the  hand.     In 

this  way  the  physician  has  in  his  own  eye  a  means  of  judging  the  field 

of  view  of  the  Patient:   if  this  is  normal,  the  patient  must  see  the  hand 

at  the  same  finip  t}|^t  the  phvsirian_does  with  his  eye.     This  method 

is  sufficiently  exact    for  the   recognition    of   the  larger  encroachments 

ir   -ri   the  visual   field ;    but   sqjall   rleferts  can   not   lie  thus  recognized. 

;i  1^  fhfvonly  mptlind  of  testingT^yphcalJo  iji  those  cases  in  which  smaller 

teet   oljjects   are   no  longer  made  out    liecause  the  vision   is  too_poor. 

1  [If  instead  of  the  hand  a  small  test  object  be  used,  this  method, 

L      which  may  he  called  the  confrontation  method,  is  quite  precise  and  is 

^^L^o  a5*  accurate  for  clinical  purposes  as  the  more  seemingly  scientific 

^Kiethods  described  later,     A  suitable  test  object  for  this  purpose  is  a 

^Khlte  rard  wnth  a  round  black  spot  three  mm.  in  diameter  on  each  side 

^^of  if ,  or  for  color  tests  a  small  colored  square  on  each  side  of  a  gray  card» 

the  gray  having  the  same  liijht  value  as  the  color  that  it  bears  (Holden). 

The  observier  stations  himself  opposite  the  patient  and  in  such  a  way  that 

the  background  and  the  illumination  are  alike  for  both.     The  patient 

Hoses  his  left  eye  and  with  his  right  looks  straight  into  the  ohserv^er'a 

left  eve.    The  ohsen^er  closes  his  ow^n  right  eye.  looks  with  his  left  straight 
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at  the  patient's  right  eye,  and,  holding  the  test  card  midway  between 
the  patient  and  himself,  carries  it  from  the  periphery  to  the  center 
noting  the  point  where  he  himself  first  sees  the  dot  and  then  the  point 
where  the  patient  sees  it.  If  these  two  points  coincide,  the  patient 
has  a  normal  field  in  that  special  meridian;  otherwise  his  field  is  ab- 
normal. Thus,  if  under  the  given  conditions  the  observer  begins  to  see 
the  spot  at  a  certain  distance  from  the  center  but  the  patient  does  not 
see  it  until  it  is  carried  half  way  in,  the  patient's  field  is  contracted  one- 
half  in  that  meridian. 

By  repeating  this  test  for  the  chief  meridians  in  succession,  quite 
an  accurate  plot  of  the  field  may  be  made  as  compared  with  the  field 
of  the  normal  eye  (see  Fig.  32.) — D.] 


[Fxo.  32. — Plot  of  Field  taken  bt  the  Confbontation  Metho1>. 

The  observer  with  one  eye  shut  gets  an  idea  of  his  field  of  vision  in  the  other  as  a  apace  bounded 
by  an  oval,  a,  a,  a,  which  reckoning  from  the  point  of  fixation,  F,  extends  apparently  lüraut  twice 
as  far  to  the  temporal  side,  7,  as  to  the  nasal,  iV.  and  also  extends  somewhat  further  below  than  above. 
The  patient  in  tne  present  case  sees  the  test  object  only  half  as  far  out  as  the  observer  does  to  the 
temporal  side,  and  two-thirds  as  far  out  to  the  nasal,  while  his  field  above  and  below  is  contracted 
about  one-half.    His  field,  therefore,  has  the  extent  shown  by  the  curved  line,  6,  6,  6. — ^D.) 

If  the  patient  is  no  longer  in  condition  to  see  even  the  hand,  we 
must  make  use  of  a  candle  flame  which  we  carry  about  through  the 
field  of  vision.  In  this  way,  for  instance,  we  test  the  visual  field  of  a 
person  who  is  bhnd  from  cataract.  [In  doing  this  we  place  the  patient 
in  a  dark  room,  blindfold  with  a  towel  or  handkerchief  the  eye  not  under 
examination,  and  direct  the  patient  to  keep  the  other  eye  fixed  steadily 
in  one  direction.  We  then  carry  a  candle  in  the  different  parts  of  the 
field,  and,  as  we  do  so,  alternately  shade  and  uncover  it.  The  patient, 
if  his  field  is  normal,  must  be  able  to  tell  not  only  when  it  is  light  and 
when  it  is  dark,  but  also  just  where  the  light  is  at  any  moment  (see 
§  156).-D.] 

We  can  get  at  the  field  of  vision  more  exactly  by  means  of  a  black- 
board.   We  place  the  patient  before  this  and  take  care  that  during  the 
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f^xaminatton  the  distance  betw^^'  {he  eye  and  the  board  remains  al- 
wmys  the  same  (e.  g.,  30  cm.). '  Directly  opposite  the  patient's  eye  we 
mMkm  a  mark  on  the  blackboard  with  chalk,  and  direct  him  to  fix  his 
giae  on  this  mark  during  the  examination*  The  chalk  is  now  gradually 
brought  from  the  edge  of  the  blackboard  to  its  center,  and  the  patient 
b  to  teH  at  what  moment  he  first  sees  it.  By  marking  on  the  blackboard 
the  limit!*  of  the  visual  field  in  every  direction  and  connecting  the  points 
thus  determined,  we  fix  the  extent  of  the  field  of  vision.  The  size  of 
the  latter  is,  of  course,  in  direct  proportion  to  the  distance  at  which  it 
is  taken. 

Even  this  method  is  not  entirely  free  from  drawbacks  w^hich  spring 
from  the  difficulty  of  projecting  a  hollow  sphere  like  the  retina  upon 
a  plane.  One  important  drawback  is  that  unequal  distances  in  the 
field  of  vision  correspond  to  equal  distances  on  the  retina.    Thus,  in 


O'W 


705 
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Fio.  33, — Proiection  of  th»  Visuai,  Fieli>, 


^^^  Tb*  fi«l<l  of  viflon  dt  the  eye,  A.  proji»cte*l  in  the  semicircle  of  the  perimeter,  P,  extends  from 
^^HfeT  mi  ibe  ft*aal  aide  to  90°  on  the  temporal  nidc^  carreji  pen  ding  tu  the  point«,  e  and  d,  of  tlie  retina. 
^"  Thmm  auirk  the  «otenor  border  of  the  aeiifitive  pMjrtion  of  the  retina,  which  extend»  farther  furwiurdi 
M  tht  wuml  «de  than  on  the  tempor&l.  On  a  fl&t  aurfuce,  T  T^  the  field  of  viüion  e&n  not  be  repc«^ 
—Uli  •*  fttr  M  it«  temporal  limit,  «iuoc  its  projeetioa.  O*  falls  outside  of  the  surface. 

fig.  33,  the  distances  m  a  and  b  c  upon  the  retina  are  equal,  each  corre- 
sponding to  an  angle  of  ten  degrees.    In  the  field  of  vision  projected  on 
^the  board,  T  Tj  however,  the  section  (from  70°  to  80°)  that  corresponds 
the  second  region  of  the  retina  is  many  times  greater  than  that  (from 
to  10**)  which  corresponds  to  the  first.    Hence,  a  spot  upon  the  retina 
f  definite  size  that  has  become  insensitive  to  light  would  in  such  a  visual 
field  appear  as  a  gap,  the  size  of  which  would  be  quite  different  accord- 
ing iLS  it  is  nearer  to  or  farther  from  the  center,  and  thus  mistakes  might 
be  caused.    A  second  e\il  is  that  the  whole  of  a  normal  visual  field  does 
&t  find  R  place  on  a  plane,  be  the  latter  ever  so  large.     The  nornud 
rid  of  vision,  that  is,  extends  outward  to  90°  and  more.     Therefore, 
as  is  evident  from  Fig,  33,  the  temporal  limit  of  the  \isual   field   can 
never  be  projected  on  the  board. 

After  what  has  been  said,  therefore,  there  is  only  one  exact  method 

of  representing  the  visual  field,  and  that  is  the  projection  of  it  upon  a 

hollow  sphere  (Aubert),     Upon  this  principle  different  perimeters  are 

constructed.     To  Förster  belongs  the  credit  of  having  introduced  this 

trument  into  ophthalmic  practice.     Forster's  perimeter  consists,  not 
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of  a  complete  hemisphere,  but  of  a  metallic  semicirrle  (Fig,  33,  P;  see" 
also  Fig,  34)  whicli  reprasentö,  as  it  were,  one  meridian  of  the  hemi- 
sphere* The  sernitnrcle  is  capable  uf  being  revolved  so  as  to  take  the 
direction  of  each  meridian  in  i^oe  cess  ion.  The  patient  supports  his  heac 
on  a  chin  rest  which  is  so  placed  in  front  of  the  semicirrle  that  the  evil 
to  be  examined  is  situated  in  the  center  of  curvature  of  the  latter. 


ooo 


[Fiii.  »4,— A    I'll-;  I  Mir  KU. 

Th«  pprimffter  cfjwaists  vftacntially  ^f  a  grndiiAtf^  arc  ulonn  which  tin*  to^t  object  is  «?arTi<»d.  Thi« 
nrc  ia  eApable  uf  rnt^tiuti  IhRtugli  all  nit'riiiiftii».  the  mmdian  which  it  occupies  und  the  positjon  of  tbo 
t€«tiibj**ct  on  the  uro  beiaK  m»rkccJ  upon  the  diagram,  which,  as  ahown  on  the  lj?i{  «ideof  the  cut,  is 
attJLchcd  to  the  instrument.  The  patient  «Us  with  hi«  chin  in  the  chin  retit  aUdinK  in  the  upright« 
shown  on  the  right-hum!  §ide  of  th«'  cut. — D  J 

the  examination  the  eye  must  be  fixed  upon  the  middle  point  of  the 
semicircular  arc,  while  the  mark  that  serves  for  the  test  is  carried 
to  and  fro  along  the  latter.  A  scale  of  degrees  marked  upon  the  senii* 
circular  arc  enables  us  to  read  off  direct!}'  the  situation  of  the 
boundary  of  the  visual  field,  and  the  result  obtained  is  transferred 
to  a  diagram  (Fig.  36). 

[The  perimeter  or  the  confrontation  method  will  show  gross  altera- 
tions in  the  held*  and  must  be  employed  in  any  event  when  the  field  is 
of  an }^ hing  like  normal  extent.     For  very  contracted  fields  and  partic- 
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1llarl>*  for  mapping  out  central  or  paracentral  scutomata  (see  page  111) 
perimeter  has  too  small  a  radius,  in  this  c^e  it  is  much  better  to 
the  blackboard  or  a  tangent  plane  placpfg  the  patient  at  a  con- 
«derahle  distance  from  it,  say  thirty  inches,  or  0.75  of  a  metre,  A 
convenient  device  for  this  purpose  is  a  curtairj  which  is  dead  black  on 
the  side  turnecl  towar<l  tlie  patient  and  white  on  the  other.  The  white 
mde  may  be  covered  with  a  series  of  concentric  circles  and  meridians 
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%'-w^W^, 


tliT>f^-T+-N>r-/irri-t- 


•ts-i 
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(fwj,  15> — TAXGr?cT  Plank  ron  Pi-nnmNo  Cevtral  ajcd  Paracentral  ScoTfimATA,  the  Field  of 
Fixation,  ani>  tur,  Dor  ulk  Imaola  in  PAU^iLYsi«. 

Til*  fiffiif*'  »hoirf  the  rever«e,  or  white  side  of  the  curtain  fnrmins  (lio  tangent  planp,  t]w  other 
md*^  tummd  towtuxl  (he  ptttientt  tteinir  a  dead  blark  and  without  markmsi^  pxet^pt  for  a  wbite-hraded 
piD  rvfht  Kt  it»  CK^nter.  'rhe  curtain  can  be  rÄiHcd  aim  I  lowered,  so  a«  to  bring  thi«  pin  dirciJtly  ia  front 
«  lh#  [MitiMtt**  eye*  The  «mall  s<iu»re»  t»f  the  ctierkrrlmard  »n  the  fiifore  denote  two-mch  mtervala, 
iJui  lanro'  «<ju>ir**^  inffnttit^  >.■>(  >in*'  fn.t,  TJi«'  i:Mrch'>  rlernue  interiiil*  of  5^,  and  are  drawn  on  the  aa- 
mgU^^^  I  ii  >in  th*»  tHiigent  plane.     Pins  are  thrunt  into  the  black 

tUbmf  '  emata^  tlic  limits»  <if  the  fiehl  fif  ßxalion,  the  exaot  vtte 

«fikin^i  '  ►•-•♦>  pin«*  sm  the  rei.'er««e  side  of  rise  curtain  may  be  trAna- 

\  at  oocc  to  Ö  cliart  wlucb  hay  prjuted  on  it  a  diaKxam  like  tbml  »hown  in  the  fi<K\i?e. — D.J 


to  which  for  certain  purposes  may  be  added  u  checkerboard  of  foot 
And  two-inch  squares  (see  Pig.  35).  The  limits  of  the  field  or  of  the 
scotoma  are  indicated  by  pins  which  are  thrust  through  the  curtain 
from  the  black  side  and  wliose  precise  location  is  shown  by  reference  to 
the  diagram  on  the  white  or  reverse  side. — !>.] 

6,  Extent  of  the  Field  of  Vision, — The  normal  field  of  vision, 
as  a  glance  at  the  appemled  tliai(rara  (Fig.  36)  shows,  does  not  b>^  any 
m^ftn5j  expend  eouallv  far  in  all  directions.  It  stretches  farthest  toward 
t'  TTial  (temporal)  side,  whereTt  has  an  extent  j>f  over  90°.     Ac- 

\  we  can  still  see  objects  on  the  temporal  side,  although  they 
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lie  in,  or  even  so  me  wb  at  beliind,  a  plane  passing  through  the  pupil 
(for  example,  the  point  0  in  Fig.  33).  This  is  rendered  possible  by  the 
fact  that  the  rays  from  sueh  a  point  undergo  such  strong  refraction 
at  the  surface  of  the  cornea  that  they  can  still  enter  the  pupiL  The 
field  of  visjon  is  much  less  extensive  jn  f^^^>tf^r  fl^ror^j^ng  especially  in 
directions  iuwarcl^nd  upwarcT    The  cause  of  this  is  to  be  sought  for  in 
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Fro.  36. — Field  or  ViaiON  op  tre  Rioht  Etb  for  Wrirrp,  Blitk,  Rep,  and  Greek,  for  a  Tkbt 
Object  ok  20  Sqcake  Mw.     (After  Baa«.) 

f ,  point  of  fixation;  M,  MArlotto's  biiBd  »pot.  I 

the  fact  that  the  nose  and  the  eyebrows  project  into  the  field  of  view 
and  limit  it.  This  olxstucle  can  indeed  be  partially  overcome  by  making 
suitable  rotation  of  the  head  while  the  field  of  vision  is  being  examined, 
but  even  then  we  never  find  the  field  of  vision  as  extensive  on  the  nasal 
side  as  it  is  on  the  temporal.  The  cause  of  this  is  that  the  margin  of 
the  percipient  layers  of  the  retina  does  not  extend  tis  far  forward  on  the 
temporal  side  as  on  the  nasal  (Fig.  33 ^  d  and  c). 

[The  field  that  w^e  obtain  in  any  given  case  either  with  the  peri- 
meter or  with  other  methods,  will  vary  according  to  the  size  and  con* 
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^icuousness  of  the  test  object,  the  baekgrouiid  agaiast  which  the  ob- 
ject IB  projected«  the  way  the  light  falls  on  it,  and  other  circuitjätances. 
This  b  especially  true  of  pathological  cases,  in  which  we  öhaJl  often  find 
that  the  field  shows  considerable  variations  from  day  to  day  without 
Üieie  being  any  actual  change  in  their  condition  itself  to  cause  it.  In 
fact  the  comparison  between  two  perimetric  records  either  of  the  same 
ease  or  of  different  cases  may  be  quite  misleading  unless  we  are  sure 
that  the  conditions  under  which  the  two  records  were  taken  were  identi- 
cal. Hence,  a  perimetric  record  is  not  complete  unless  the  attendant 
circunistunces,  and  particularly  the  size  and  kind  of  test  object  employed, 
are  noted.— D.] 

The  pathohgical  alierailöiu  of  the  visual  field  consist  in  its  curtail- 
\  ment.  This  is  either  produced  by  a  pusiiing  in  of  the  boundary  of  the 
visual  field  at  some  point,  or  it  occurs  under  the  form  of  gaps  lying  like 
^islands  inride  of  the  field  of  vision. 

Narrowing  of  the  visual  field  at  the  periphery  presents  varying 
characters.  If  the  liniit;^  of  t!ie  visual  field  are  brouptit  nearej^to  tfae 
center  from  all  points  alike  we  s;>eak  of  a  roncentric  e(mtrjj.etion.  When 
this  IS  considerable,  it  results  in  that  mcapacity  lor  orientation  which 
has  been  already  described,  although  it  may  be  that  direct  vision  (visual 
acuity  in  the  narrower  sense)  is  still  quite  good.  In  other  cases,  the 
contraction  extends  from  one  side  only  of  the  peripherv  mto  the_visual 
fielJ  II  It  has  rne  siiape  of  a  triangle  whose  base  corrc^^ponds  to  the 
periphery  of  the  \isual  field,  it  is  called  a  sector-shaped  contraction. 
A  peculiar  variety  of  contraction  of  the  visual  field  is  tlie  herniopic, 
in  which  exactly  one  half  of  the  field  is  wanting  (see  g  1Ü0  and  Figs.  269 
and  270).  '  "^ 

Island-like  gaps  in  the  visual  field  are  called  scotomata^  One  of 
these  exists  In  the  healthy  eye  at  that  point  of  the  visual  field  which 
ccirresponds  to  the  entrance  of  the  opitic  nerve,  and  is  known  as  Man- 
nttp'^  blind  ^nqt  (Fig.  36»  M),  In  the  field  of  vision  it  lies  abnut  15^ 
to  the  outside  of  the  point  of  fixatiian^  F.  The  äcotomata  which  occur 
as  the  re^lt  of  disease  have  a  very  difTerent  significance  for  vision  ac- 
eordfipg  to  their  situation;  and,  according  to  the  latter,  we  distinguish 
tbHn  into  central  and  peripheral,  A  central  scotoma  is  one  which  in- 
volves the  point  of  fixation  (cf.  Fig.  277)!  In  this  case  direct  visiojijs 
eitlirr  iire.Lth'  diminishe^l  or  is  abrogated  altogether.  The  patient  can 
•  DU  h>ijt£er  d<7am  fio<'  wMjk.  althoUL^h  his  Dower  of  oricndatipn  remains 
intact.  reriT)h<>ral  srf>tomata  cau<c  little  dis(  iirli^mre  nf  siglit.  espe- 
I Sally  if  they  he  far  from  the  point  of  fixation,  in  wliich  case  they  may 
not  cfime  to  the  patient's  knowledge  until  his  visual  field  i^s  being 
exaimned.  A  special  Vflri^^v  tJ  <ic*afiMn'if  ja  *>i«  annular  whirh  pnfjrnlp« 
fhf?  ptnnt  of  fixation  like  a  rlojy  fwhich  is  not  alwavs  comoletpiv  pJosfidV 
but   li*ftvrs  '\nt;\ot   t]u'  j)oint  n^fixation  itrrclf.     [See  Fiff.  281.) 

*  From  vtuTot,  (Uu-knfliii. 
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Von  Graefe  Wfis  the  first  to  call  attention  to  the  importance  of  testing  the  visual 
field  in  oplithalinic  practice.  Ho  showed  that  for  many  intra-ocular  dbeases  there  am 
special  varieties  of  uontraetion  of  the  visual  field,  which  are  more  or  less  characteristic 
of  these  diaea^es,  and  can  be  utilij&ed  for  their  diagnosis.  Since  then  the  study  of  the 
visual  field  ha^  i»een  much  cultivated,  so  that  at  present  its  examination  has  great 
significance,  both  for  diagnoBiti  and  prognosis. 

ConcentricrofUTadion  of  the  visual  field,  associated  with  retention  of  good  central 
ina^f^P  u{p~ineet  wTth^csfH'^'ially  in  retinjtiä  pignn'ntosu,  arm  sometimes  atoo  m  glaucoma 
«impl^»^    In  oMuT  iJ7i?!S?^^^^f7T7?1T?ir7nw!nuemn^iri^^  i^ontr^ction 


/of  thevi^ual  fields  ivb,  lur  instance^  in  atrop^YV  of  t]]^  optic  npryt^  ^r  of  the  retina,  central 
^-  ^^gri^^TT^TSf^flnuftaneoa^Ly  ainl  marlctHllv  afTected.     Finally,  concentric  cont ra<^^ioiL 


vision  js 
1  often  c? 

t'C  nno   tue  se^iitr-^i 
also  in  ot  elusion  of  one  of 


mtf ^^  tm  i'Bv  rjT'i  ifi!  ji  la  J 


aractcrifjtic  of  hvijtericai  anii>ivonja.     ]Tiz^  '??V».  JSO.] 

of  the  optic  Der>*e;     . 
scTTo^nmpeTTnst  riet  jRi 


l^^^esp^ciälTy^n  atrophy 


of  tlieTeTTmnnppnetrSJ^ucMi  an  artery  has  its  fuiic-tion  al »rotated 
_iill  hi>ii^li    not,  j^yj^g^ilar 


We  obsorvi?  more 


extegijje^ih  tiough  not  |TijLngni;||-    i-r>nirMpMf>^|a  oj  the  visual  fichj  in  tiftji.  |>nipi|t   ^»f  |gg 
thjjjujiina,  and  tliene  most  often  exi ending  in  an  upward  direction,  since  the  detach-^ 
mentj  irr>f  long  standing,  gtnierally  invtjlves  the  lowennost  jmrt  of  tlie  eye.    Ii^^^lauconia  $^ 
a  contract  ion  of  the  visual  field  t^]\vn.rd  |Jie  ua^al  side  is  of  relatively  frequent  occurrence. 
StWVpff^  lil'U  UlÜ^fal  Iren uentiv  met  'vitliin.aLa£ü3B5  ül  iBfe  ÜHjdUs  Wiib_tcMaiijSioiiB ; 
especialiy,  therefore,  m  enonounn^MjSonimata,  in  which,  as  ä"rule.  the  gaps  ili  the 
visual  field  corr^ponHToTrff^cfmrST^poT^visible  witli  the  ophthalmoscope.    So  loof 
as  these  gaps  affect  the  peripliery  only  of  I  he  visual  field,  they  canse  little  disturl^anoe^— 
of  sight.     If  they  are  very  numertjus,  the  viöual  fieid  af-quires  a  sieve-like  cliaracteiri^| 
If,  finally,  one  of  the  chorioiditic  foci  is  locjilized  at  the  region  of  the  chorioid  corr©^^" 
sponding  to  the  yellow  spot,  the  visual  power  is  very  considerably  reduced  by  the 
formation  of  a  central  srottuna  in  addition  to  the  srotomata  in  the  p<^riphery. 

^^lfttH^''^*^.!!I!J_f£^^WZ^  Of'cur  in  disea^p^  *i!^iiV^^  retina  and  rhorioid  at  the  pofr- 
terior  ijQlc^^^i£_j:£iiuaiJiXiaIblJAil^^  of  .^ypnilii^,  or  iimTpuTTTf  annfeh  dj-grce,  and 

of  amiilLt^'hanj^'s.     In  all  thf\sr  rusc^  tJier^rörrcstKmiJs  to  the  scotoma  a  rhani;e  in  the 
n^gionoTölPmaeHda  hrita,  vi.sibic  with  the  ophlhaluio^ropc.    In  another  srrit'ji  of  {^i^^jf^^ 
on  the  coTitrarVi  a  t^taitral  srotcj>iiML_exials.  h^i  ihr  tiijicij|g^  ofi  i>nlihi;tlmri.Hn>r>i€  ♦  xami- 
na  tiofi  iSBHBSrnrTrTTIccausc.nf  t  he  scpiüimiia  thcmlo  be  Imjkeo  tor  in  tnc  optic  nerve.  ^ 
In  the  Iiktter  it  ih  ii^.st  t  htj>st^  hoc3\s  vvlurli  r^uppl^HieregKH^QheniroTnrmroa  rnaTai^B 
the  most  favorUe  .sea^y<Tb?ri?s^^7rrm^fflffl5jSwm    and  in  loxK^unT>lyopiaT  fmU«^^ 
Kima  simp!ex^f?^T^^^orman^yca  will  develop  ^vlaTTve  rent ral  scotoma  iH^Tafca  m'a 

^fflrtWWicienl  l>'  darkened.  If  the  room  id  darkened  still  more,  the  scotoma 
becomes  abs<ihite — under-Hcnsitiveness  of  the  fovea  to  light  in  eyes  that  are  adapted 
to  the  dark  (ile.s«).— D.] 

As  the  ex|ire>ssion  scotoma  is  used  in  different  senses,  it  will  require  here  a  more 
precise  explanation.     We  dii^tinguish  between  positive  and  iK-gative  seotomata  (Förster). 


By 
hia  visniil 
a  |K3sitiv«'  srotoma  hes  either 
its  basis  in  fundu.^  changes^  e 


-  undcrsland-a-thnk  sunt,  whieh  Üu^.  nr^jj^-nt  fu^rr>r>iv,^^  in 
jjLJlliQlLstjn|e  [Hirliou  of  his  vi>;ied  ütAA  The  cauäc  of 
n  the  rcTracTmg  im^ia  or  in  the  retina.  It  may  have 
.  g.,  an  exudate  or  a  hemorrhage  into  the  retina.     Such 


lesions  thr<jvv  a  .shadtiw  on  the  rods  and  conas,  as  these  are  the  furthest  back  of  all 
the  layers  of  the  retina,  and  this  shadow  is  perceivtxl  and  ia  projected  exteriorly*    Seoto- 
mata of  this  kind  are  best  brought  to  light  by  making  the  patient  fix  his  gaze  upon  a 
uniformly  bright  surface  (e.  g.,  a  sheet  of  white  paper).     They  are  often  more  readilj* 
perceived  if  the  illumination  is  at  the  same  time  dirainished  (as  by  hitting  down  the 
window  curtains).     We  can  direct  the  patient  to  make  a  copy  of  the  dark  spot^  tha4^ 
become  visible  upon  the  paper,  and  from  this  we  can  determine  the  position  and  extenä^f 
of  the  discruHvi  portionn  of  the  retina.     Opacities  in  the  refracting  media  also  thro^J" 
their  shadow  uf)on  the  retina,  and  are  therefore  visible  as  dark  spots.     If  the  opacities 
lie  in  the  vitrfx>ns  they  arc  motile  (musca?  volitantes)  and  the  seotomata  caustxi  by  them 
are  chara<*teriKpd  as  motile  seotomata.    It  is  better  not  to  use  the  expression  scotoma 
--^Dl*caÄes  "Of this  sort» 
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We  ^har&rtenzo  a^^  a  negaivr  Rcnfoma  a  hiiihrq  in  th_e  YJgual  f\M.  an  isolated  spot 
thitccmhm^o^wfiTcffuw^nif^^  Such  a 

Wtoumm  b  iiBually  not  dwcovend  until  the  visuril  tit-Jd  in  examined.  But  there  is  nothioK 
tafsmrrota  negative  seotutna  from  being  at  the  same  time  a  |^>o«itive  one»  Uxt;  the  same 
4iaeufd  regioDii  of  the  retina  that  are  insenstitive  to  external  luminouft  tnipre^ioii^  (j&a 
«t  tlie  §nme  time  be  theniseJvea  perceived  as  dark  spot«  trnd  be  projceted  exteriorly. 

Negyitive  geotomata  are  divided  into  abaolllLgjmd  relative  uivordinK  as  the  object 

nfinc^s  nf  rhr  H'otoma.  Itence  an  abflolute  aeoloma To^wmtc  is  prcaent  if  a 
j  f  T  dTsJTppffWTTTnTel y  at  one  spot,  but  there  ia  a  relative  scotoma  for  white 
wtydi  mt  that  j>oiiit  simply  ajJpears  of  a  less  pure  white,  or  indistinct  in  outline.  But 
even  irhrit  a  while  object  shows  no  change  whatever^  this  does  oot  proN^e  that  there  is  no 
dmmfBf  tn  the  6eld  of  vision.  We  must  then  make  the  exami nation  with  rolortnl  objects 
aha,  I'or  with  a  certain  diminution  of  the  visual  power  the  ability  to  distinji^ish  colors 
aantrotHy  disappears,  while  the  objects  themselves,  owing  to  diffcrenccts  in  their  lumi- 
fKwIty,  can  «till  be  recopiized.    For  example,  in  a  recent  case  of  chronic  poisoning  by 

-yr%  the  visual  field,  measured  witli  the  aid  of  a  white  test  object,  may  seem  quite 
1;  hut  if  a  «mall  red  paper  di.sk  is  rhoseti  for  the  examination  there  ia  a  amall  re- 
t.<ui  m  the  center  in  which  the  disk  is  either  not  recognized  as  red  al  all  (absolute  sco- 
tottiii  for  rtH\i  or  less  vivid  there  (relative  st^otoma  for  rtnl). 

Even  in  the  norimil  vbiual  field  the  percet>tiv>n  of  rohr^  is  not  ever^^whcre  the  sixijxo 
Just  AS  in  regain o  ihe  visual  aruity,  so  al^o  in  regard  kMTiu  color  i^'u^v  a  distiiutlwi 
mugt  be  made  between  central  aoil  jwipberal  color  perception.  While  the  former  is 
leiM  by  smiply  placing  Äamj>lcs  ofThiicreni  colors  tielore  tlie  patient,  the  latter  must 
be  tested  like  the  visual  field  by  using  for  test  objects  eoloretl  marks  which  are  moved 
lo  »nd  fro  on  the  Iward  or  on  the  perimeter.  The  bigger,  more  vivid,  and  bcti«*r  illumi- 
niited  the  colored  surfacess  ustnl  ft>r  this  purpoiic  arc,  the  further  toward  the  periphery 
will  their  color  be  distinguished,  and  tliey  may  even  he  distingnlshe^l  up  to  the  extreme 
Ikmit«  of  the  field.  But  when  J  ho  exatnination  is  ni:nlc  with  the  a  rd  i  na  ry  t  e^st  yb  iec  ts 
vßrri  with  the  perimeter  fcolor<Hl~><t|ii{iif^H  <>t  paper  i  to  LJ  cm:  in  üiameter)  the  most 
1^  '  fHnriiftns  m  tin*  retina  arc  lumui  to  im'  cnlor  tilind.     IF  such  a  colored  acmare 

I.  nwn  I!i^  J')cn[Hiery  ol  tlu'  visual  field  toward  tlie  center»  the  person  examined 

At  hcätt.  n3C4>gni*es  onl^'  the  preacticc  of  a  moving  objcft,  It  is  not  till  the  »quare  ap- 
ppiticbm  nearer  the  centx»r  of  the  visual  field  that  its  color  is  correctly  given.  The  mo- 
mml  when  thisotrcura  is  not  the  same  for  tdl  rulfirs,  t^omv  being  recognized  farther  out 
from  the  center  than  others.  The  visual  field  for  gnvfi  is  the-  sniHllest .  that  for  red 
»tmrwhat  la.rger,  tl^at  for  yellow  still  T^iryjcr^  that  for  blue  the  largest  (S4:.'e  Fig.  34). 

The  examination  of  the  visual  field  with  eolort*<I  **iijects  i.s  of  great  practical  im- 
portafiee.  For  instance,  we  find  in  one  case  the  visual  field  tiornial  when  tested  with 
whitCt  while  the  examination  with  colors  shows  already  a  considerable  introcea'ision  of 
H»  borders  at  one  spot.  After  some  lime,  if  the  disease  has  progressed,  we  now,  on 
teiting  with  white,  establish  the  same  deficiency  in  the  visual  field  that  had  before 
cxipteii  for  colored  objects  only.  The  examination  with  coloi^  is  accordingly  a  more 
<Micate  test  than  that  with  white;  it  betrays  a  diminution  of  the  visual  |Kiwer  before 
it  has  tidvanced  so  far  that  a  white  object  can  no  longer  be  recognized.  If,  therefore, 
«i  iske  two  cases  in  which  the  visual  field  for  while  is  equally  large,  but  the  visual 
Ud  for  colors  is  unequal,  that  CAse  in  which  the  visual  field  for  colors  is  smaller  afTorda 
the  worse  prognosis,  since  here  a  still  further  diminution  of  the  general  viiäual  field  ia 

<  xfwcteth     Rnpid_dimioMtioTi  t>f  I'olur  ptreeptiuti  is  tirc-eminenlly  aAsocia^tt^ji  with 

ihm  kaa  lo  DunTinessT 


i..f  ih* 


iiÜI 


"1  tie  exAininat  ion  of 


^res^ivc  le^aotts  ...^   „       __.     ,..  .„ 

-ual  field  with  colors  is  also  rf^iuisiie  lor  the  rccogndion  of  central  scotomata, 
«,'  iiH  they  are  not  abstdute.     Furthermore,  the  way  in  which  the  color  sense  ia 
S  givi^  us  a  <'lew  tiB  to  the  site  of  the  morbid  changes.    Thu^  diminution  in 
!Min  of  b|tif'- corresponila  to  a  l^\siou  of  the  Ticrrimcnt  ek-mcnts  (rods  jui5 
1 1 0^  re t ina ,  »u ch  its  oc'-'ip^  '»  f^|^||pr>iJ i t i.s ,  retioiti.s,  dft:tr]^inent  of  il|<^i!^a 

ion  of  red  ami  green  tu  a  leajyii  of  the  coq-l_ 
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ducting  elements,  us  in  affections  of  tbe  optic  nerve.    If.  however,  the  visicm  is  impaired  | 
ßinaply  by  opacities  in  the  media,  the  }K*r{'opilon  of  colors  if*  normal, 

[A  central  scotoma^  even  w!ien  so  minyte  as  to  be  demonstrable  with  difficulty,! 
usually  causes  much  trouble  in  near  work.  A  person  with  such  a  scotoma  may  havi  , 
comparatively  good  vision  (iiJ)  for  diüiance,  and  yet  may  be  utterly  unable  to  read  J 
even  large  type;  while  a  person  with  similar  vision  but  no  central  scotoma  can  read! 
(juite  well.  A  person  with  central  scotoma  reatls  letters  in  a  charaetenstically  hesi- 
tating way,  picking  out  the  letters  slowly  and  often  missing  a  letter  altogether. — D.] 

[Metamorphopsia. — Metai ngrpho ps i a   is   the  condition   in  which  objects  appear 
distorted.     It  may  be  du^Jü^ibJenlffft  the  rcJiSjii^ve  m^TOTTäsngmaTTsm/ e^ 
oi  tn^imiM<adji^k^fl\  — r€^jmg(|^y^metaiTiornliot>Hia— Tr^^  of  the  re t inal 

elements  {rej^^||2  metamorphopsFä).     The  latter  occurs  when  the  retina  is  lifted  up  by 
an  exudate  (retinitis,  chorioiditis)  or  an  underlying  liquid  or  growth  (detachment  olj 

1  1 


0^    p 


[i  J 


—  i: 


MtTAMOr 


^        A.  jlfirrr^pjitrt,  evulencied  by  ati  irreicular  bo\vmiE  in  of  the  p:ira]]el  Ime^  Dtje  fo 

^iMtoducim::  dial  en  t  ion  of  the  retinaJ  el*»mentfl  (d*»ta('hnifnt  of  retina,  rpcent  reninU  diorioiditi*  or  re\ 
äßb).    Til«»  ciu*«'  tJepicie^J  wsiN  on«  af  central  chorioiditiiä  with  ii  pti'sltive  central  *«cotoina^  *,  «,     Wit 
the  «cotomii  th«  Ijixic^  are  eun^ed  in  and  are  dij^ujrte^l,     ö^  lueiatnorphopjiia  in  sftixke  ctMe  nine  yean 
niter ;  positive  scotoma  f*tdl  present, 

R*  Macropsiia,  evidenced  by  an  iire^fAilar  bonding  out  of  lljc  parallel  lineSr  c.  Dtje  to  any  c&u^e 
produces:  ährinkiug  of  the  rt^iirin.!  elermpnt.s  ^atrophic  chorioiditis,  retinitis)^  The  case  depicted  wa» 
One  pf  K)TaT  retmiti»  in  the  translator^  practice,  d,  ttie  dii^  tort  ion  and  change  in  hue  proKmceii  in  a 
line  of  test-types  by  the  met«4iiorphopaia  in  th»  ciue.  The  letters  arc  o^U  TcäÜy  of  the  aaxue  height 
und  blacknese. 


«  by  I 
-D.I 


al^l 


the  retina,  tumor  of  the  retina  or  chorioicl).     If  the  process  is  such  that  the  reti 
elements  are  spread  apart,  as  for  instance  occurs  in  a  recent  chorioiditis  or  retinitis, 
object  looked  at  will    look  smaller  than  it    is  (mÜTvititia).     This  is  because  a  retinal 
Ttna^  y^j^l  miob^  mij^i^i^yv  occiip^v  thr^?<^  retinal  elements,  now,  owing  to  the  distent iop 

ijn  ;^e 
1&  occurs  in 


_^  but  ivvo^  and  nenre^arroröH  an  it 

an  oV>ject  of  onFv  Two-thi£üajij£jüj™ 


i_an  iTii|irosstr)n  rorrestKnidJi] 


ual  HiJLv 
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mn&r 


the  aimahic  atag"c~of  reUii7n^ntT7Tn>nuM'ftg^5tjJ{xla  fook  ÜL^ggTifeiHney  really  are 
fff^^^mM^^'^^^^^^       ^^^^^^^^^^^^^^^^^^^"""^■^"^^^^■^^  ~'     ~^ 
^^The  l>est  teat  for  retinal  metamorphopsia  is  a  series  of  parallel  hnes  like  the  linee 
of  music  (Fig.  37). 

Retinal  metamorphopsia  if  due  to  chorioiditis  or  retinitis  la  usually  combined  ' 
a  complete  or  partial  scotoma. 

Micropsia  and  mucropsia  also  occur  m  disorders  of  accommodation  (a 
but  are  not  then  associated  with  distortion  like  that  shown  in  Fig.  37. — D.] 
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Light  Sznsk. — Let  ub  assume  that  we  have  before  ub  two  pcrBODB  who  Id  ordinary 

d^rijght  b&ve  the  same  visual  acuity;   both  under  actually  good  iUurnination  read  print 

i4  the  wtktnt  sbe  at  the  same  distance.    We  now  graduälly  lessen  the  illumination.    A« 

%  t«iiüt  of  tili»,  the  difference  in  brightness  between  the  bla^k  letters  and  the  white 

fmper  ditninkhes  and  the  letters  are  distinguished  with  greater  and  greater  difficulty. 

JUii  COnaii)  stage  in  the  process  of  obscuration,  one  of  the  two  persons  ceases  to  reeog- 

*    "»  tho  print  while  the  other  is  still  able  to  read,  and  the  darkening  has  to  be  earn«! 

fanher  in  order  lo  niakc  reading  inipi:»ösibk?  for  him.    In  this  case  we  say:    The  two 

pCfWQfl  have  the  same  space  sense»  i.  e,,  the  same  susceptibility  of  the  retina  for  im- 

H<wkiiin  of  form«,  but  they  have  a  different  hght  sense  (Z.I— i,  e.,  a  different  suscepti- 

biSiiy  for  impmsions  of  brightness  and  of  differences  of  brightness. 

Tbl*  light  sense  can  be  test4*d  in  various  ways.  We  determine  either  the  lowest 
limit  of  illumination  with  which  an  object  is  tätill  visible  (minimum  stimulus)  or  the 
smttUcft  difference  in  brightness  which  can  still  be  appreciated  (minimum  of  differentia- 
tuiai  The  moat  usual  method  of  measuring  the  light  sense  is  with  Forster'a  phoUtmcter^ 
ituch  gives  the  minimum  stimulus.  This  instrument,  which  is  represented  in  hori- 
KAtsl  section  in  Fig.  H8,  is  placed  in  a  perfectly  dark  room.  A  box,  .4,  blackened  on 
tbe  indde,  bears  on  its  anterior  wail  two  apertures  for  the  two  eyes^  a  and  a^,  which 


Fio,  38.^Pbotomixer  of  Föbst&x. 


look  through  theee  apertures  at  a  plate,  T,  which  is  placed  upon  the  posterior  waU, 

tnd  upon  wlijcli  large  black  stripes  ufKin  a  white  ground  are  placed  as  test  objects.    The 

iUurtuiation  is  produced  by  a  ntirmal  candle,*  L,  the  light  ifrom  which  falls  through  a 

«riiuiiiw,  F,  into  the  interior  of  the  box.     In  order  to  nmke  the  illumination  perfectly 

uJijfitrTii,  the  window  is  covered  with  paf>er  which  is  made  translucent  (by  impri^gnating 

.:  t^ith  fat).     By  a  screw,  #S,  the  size  of  the  window  can  be  altered  frtim  complete  cluaure 

up  U>  an  aperture  of  five  centimetres  square.    In  this  way  the  illumination  <»f  the  plate 

ii  viiifUMi.    The  patient  is  first  made  to  lo«>k  into  the  apparatus  with  the  window  closed 

tn*i  the  plate  therefore  uniilumined.     Then  the  window  is  slowly  openeii  until  the 

ftripes  ufton  the  plate  can  be  recognized.     The  size  of  the  opening  ret^uisite  for  this 

purpoae  gives  a  measure  of  the  light  sense  of  the  person  examined.    In  conducting  thia 

fsuuninatton  the  precAUtion  nuist  be  adopted  of  making  the  person  that  is  examined 

•tajr  brfofehand  in  darkness.     If  we  come  from  dayhght  into  a  moderately  darkened 

roam  we  see  so  httle  for  the  first  moment  that  we  can  not  move  about  witliout  stumbling 

ofl«r  the  objects  in  the  rtxim.     The  longer  we  remain  in  the  latter  the  L>etter  we  see, 

mad  at  last  perhaps  see  well  enough  lo  be  able  to  read,     fhis  we  call  adajjiation  of  the 

fHUA^    In  the  examination  of  the  light  sense,  a  period  of  acbptmiun  of  ten  minutes, 

»hirli  the  patient  miist  pass  with  bandaged  eyes  in  a  }>erfectly  dark  rtjom,  is  sufficient 

lor  pr&cttcäl  purposes. 

Tbe  examination  of  the  light  sense  in  different  diseases  has  shown  that  it  is  not 
•Iwa^  by  ajiy  means  diminished  in  prof>ortion  to  tfie  visual  acuity,  but  la  sometime« 


*tl,e.,  on©  of  one-caudle  power *^ — DJ 
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but  little  diminished,  sometimes  excessively  so,  a  circumstance  from  which  diagnostic 
points  may  be  gathered.  The  jyBJauliaBLgLifesJi^  sense  is  greatest  in  those  cases 
idiich  are  characterized  as  hemeralopia  (see  §  iASk^*^*—^^—    '    ' 

[The  sensitiveness  oTTEeTWBTTSTight  is  less  than  that  of  the  periphery  of  the 
letina.    (See  pages  112  and  600.)— D.] 

Simulation  of  Blindness. — In  testing  the  function  we  shall  at  times  have  to 
leckon  with  the  fact  that  the  patient  is  purposely  trjring  to  lead  the  physician  astray 
by  simulating  blindness  or  weakness  of  sight  when  these  do  not  exist.  This  most  fre- 
•qucntly  occurs  with  those  persons  who  wish  to  be  relieved  of  military  service  or  who 
ynsAi  to  get  damages  for  an  accident.  Quite  similar  are  the  symptoms  in  hysteria,  in 
which,  however,  it  is  not  a  question  of  intentional  deception,  but  of  unconscious  imagi- 
nation. 

We  are  first  led  to  suspect  simulation  by  the  lack  of  agreement  between  the  results 
of  the  functional  testing  and  of  the  objective  examination;  an  eye,  for  example,  which 
is  alleged  to  be  perfectly  blind  presenting  no  pathological  changes  of  any  sort.  Or  the 
tests  of  the  incüvidual  functions  give  contrsidictory  results,  inasmuch  as  the  visual 
acuity,  the  field  of  vision,  the  color  sense,  etc.,  do  not  stand  in  the  right  relation  with 
each  other  and  with  the  result  of  the  objective  examination.  In  children  it  often  happens 
that  the  vision,  ostensibly  very  poor,  is  at  once  rendered  normal  by  placing  the  weakest 
concave  glasses  or  even  plane  glasses  before  the  eyes.  Various  methods  of  examination 
have  been  proposed  for  furnishing  a  certain  proof  of  simulation;  we  shall  accomplish  this 
more  or  less  readily  by  their  aid  according  to  the  degree  of  skUl  of  the  simulant.  Only 
0ome  of  these  methods  need  be  here  adduced. 

Complete  blindness  of  both  eyes  is  rarely  simulated;  much  oftener  it  is  simply 
unilateral  blindness  that  is  alleged;  and  still  more  frequently  a  feebleness  of  sight  ac- 
tually present  in  one  eye  is  exaggerated.  In  the  case  of  an  alleged  complete  blindness 
of  one  or  both  eyes  we  regard  in  the  first  place  the  reaction  of  the  pupil  to  the  light. 
If  this  is  well  preserved,  it  will  always  afford  a  strong  ground  for  suspecting  simulation, 
although  there  are  rare  cases  in  which  in  the  presence  of  actual  blindness  the  pupillary 
reflex  for  light  is  still  retained  (see  §  64).  Schmidt-Rimpler  recommends  the  following 
procedure:  The  patient  is  made  to  look  with  the  blind  eye  at  his  own  hand,  which  he« 
holds  in  front  of  him.  A  blind  man  will  do  this  without  hesitation,  since  he  is  informed 
of  the  position  of  his  hand  by  the  sense  of  feeling;  a  malingerer  will  perhaps  look  pur- 
posely in  the  wrong  direction.  Simulated  unilateral  blindness  can  idso  be  discovered 
in  the  following  way :  A  lighted  candle  is  brought  in  front  of  the  good  eye  and  is  slowly 
carried  toward  the  side  of  the  blind  eye.  The  patient  is  detected  if  he  declares  that  he 
still  sees  the  candle  at  the  moment  when  it  is  just  concealed  from  the  sound  eye  by  the 
dorsum  of  the  nose  (Cuignet). 

A  number  of  methods  are  of  service  in  detecting  the  simulation  of  unilateral 
blindness  or  amblyopia.  These  mostly  depend  on  the  fact  that  one  does  not  perceive 
with  which  of  his  two  eyes  he  is  seeing,  if  both  eyes  are  kept  open  when  the  tests  of 
sight  are  made.  A  man  could  get  at  this,  if  his  two  eyes  were  equally  good,  only  by 
quickly  closing  one  eye  or  the  other  for  a  moment  while  the  sight  was  being  tested, 
and  care  must,  therefore,  be  taken  that  this  is  not  done  by  the  person  who  is  being 
tested  for  simulation. 

1.  We  make  the  patient  read,  and  then  hold  a  pencil  in  a  vertical  direction  between 
the  eye  and  the  book.  If  there  is  vision  with  only  one  eye  the  pencil  conceals  certain 
words  from  it,  and  thus  interferes  with  reading.  If,  however,  there  is  good  vision  with 
both  eyes,  those  letters  which  are  concealed  from  one  eye  by  the  pencil  are  visible  to 
the  other,  and  vice  versa,  and  reading  is  carried  on  without  difficulty  (Cuignet). 

2.  A  convex  glass  of  6  D  is  placed  before  the  sound  eye.  In  this  way  the  eye  is 
made  artificially  myopic,  so  that  its  far  point  lies  at  a  distance  of  about  17  cm.  (it  being 
presupposed  that  the  eye  is  emmetropic).  The  eye  can  therefore  read  fine  print  only  at 
a  distance  of  17  cm.  or  less,  but  no  farther.  After  placing  the  glass  before  the  eye  we 
first  make  the  patient  read  at  quite  a  short  distance,  and  then  slowly  and  imperceptibly 
move  the  book  farther  and  farther  away.    If  it  is  possible  in  this  way  to  withdraw  the 
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book  cooaidenibly  fmrther  than  17  cm.  without  the  patient*«  eeoflinp:  to  read,  it  proves- 
tii*t  hr  bat  becD  reading  with  the  eye  alleged  to  be  bad.  That  is,  he  began  reatiing  with 
the  90od  rye  and»  when  the  book  was  carried  too  far  off  for  that,  eontinued  with  the^ 
lytbrr  rye^  without  noticing  the  alteration  in  Ihe  employment  of  the  two  eyes. 

3.  We  make  a  show  of  occupying  ouradves  with  the  sound  eye  only-  We  take 
i  strong  prism  (one  of  18  A \  with  the  base  up>  and»  first  holding  it  in  front  of  the  check, 
punki  tt  ipudually  up  in  front  of  the  eye.  Before  the  base  has  reache*!  the  center  of  the 
pupil  Ibf?  eye  will  see  double.  For  two  images  of  every  external  object  will  be  thrown 
apoo  Ihf*  retina,  one  transnütte*i  through  the  free  half  of  the  pupil,  the  other  through 
libf  haM  covered  by  the  prism,  and  the  eye  seva  double  the  object  ui>on  which  it  ih  fixed 
(RMMIoeillar  diplopia) — a  fact  which  the  patient  will  admit  without  hesitation,  since,  of 
WQi&t,  it  IB  the  «otind  eye  onJy  that  is  concerned  in  the  matter.  Now  the  prism  is 
kmpenieptibly  pushed  along  until  it  covers  the  entire  pupil.  Now  the  eye  that  is  pro- 
▼iddd  with  the  prism  again  has  only  one  single  relinal  image,  w^hich,  however,  is  thrown 
tlpoci  a  higher  point  of  the  retina  than  ig  the  ca&e  in  the  other  eye.  If  now  there  is  stiU 
double  vision  (binocular  diplopia),  it  is  a  proof  that  both  eyes  see.  If  we  use  the  teat 
typaa  for  this  examination  and  compel  llie  person  under  examination  to  read  sometime» 
tito  upper,  aometinies  the  lower  of  the  two  double  images,  we  can  determine  directly 
tbe  visual  acuity  of  each  eye  separately  without  the  patient  being  aware  of  it  (Alfretf 
Oracle  aad  Daudry). 

4.  Snellen  ha«  constructed  a  Iward  with  test  types  which  are  alternately  red  and 
irean.  Before  the  patient  is  alhtwod  to  read  it,  a  pair  of  spectaclefl  is  put  upon  him,  in 
«hich  are  introduced  a  red  glass  for  one  eye  and  a  green  glass  for  the  other.  Through 
thaied  gUaa  tl*e  rod  letters  alune,  and  not  the  green,  can  l>e  seen,  because  green  is  the 
somplenietitaxy  color  of  red,  and  therefore  green  rays  are  not  transmitted  through  rod 
0tm.  For  the  same  reason  the  red  letters  can  not  be  perceived  through  t  he  green  glaas.* 
if,  tkflrafore,  any  one  who  is  bhnd  in  one  eye  looks  through  these  spectacles  at  the  test 
qrpai,  be  win  read  off  only  the  red,  or  only  the  green  letters,  according  as  the  red  or  the 
|nti)  ^aoB  of  the  spectacles  is  place*!  in  front  of  the  eye  which  alone  can  see.  He 
tiH  not  onoe  suspect  that  still  other  letters  of  a  different  color  lie  between  the  letters 
thit  he  has  reiMl.  Should  the  patient,  on  the  other  hand,  road  all  the  letters,  it  prov«« 
tbt  be  aoea  with  both  eyes  and  in  such  a  way  as  to  recognize  the  red  letters  with  one 
«|e  and  Uie  green  with  the  other. 

5.  LettefB  are  written  on  white  paper  with  a  black  and  a  red  pencil  alternately/ 
The  iubjeet  under  examination  is  then  told  to  read  the  writing  rapidly,  while  a  rec 
gk»  k  held  before  the  sound  eye.  If  he  reads  the  whole  correctly,  it  is  a  proof  that  Ik 
■  ahle  to  read  with  the  eye  alleged  to  be  blind,  for  ihe  sound  eye,  looking  through  th< 
fid  i^asB,  can  not  see  the  red  letters  since  tliemj  now  offer  no  contrast  to  the  background 
opoQ  which  they  are  viewed,  which  appears  as  red  as  they. 

[6.  In  the  methods  alxjve  given  the  malingerer  may  readily  outwit  us  if  during 
tjie  examination  he  slyly  closes  the  alleged  poor  eye  and  thus  gets  an  idea  of  how  be 
ought  to  see  were  it  really  poor.  We  can  prevent  this  trick  if  we  make  him  read  out 
knä,  and  then,  while  he  is  reading  quite  fast  and  i«  wholly  occupied  with  what  he  is 
doing,  suddenly  place  a  prism  of  3  A  or  4 .  *  with  i\w  buae  flown  before  the  poor  eye.  Of 
eottrse.  we  m^e  sure  in  doing  so  that  the  eye  is  open  at  the  time.  Now,  if  the  eye  is 
reiUy  very  poor  sighted,  it  will  make  little  difference  to  him  whether  the  prism  is  placed 
before  it  or  not,  and  hence  he  will  re^d  on  as  before;  but  if  he  sees  fairly  well  with  this^ 
ijre  tbe  interposition  of  the  prism  will  cause  very  great  confusion  by  the  productioQ 
of  superimposed  double  images  and  lie  will  at  once  involuntarily  pause  and  stumble  is 
hii  reading  and  perhaps  will  be  unable  to  go  on  at  all.--D.) 

For  the  tests  of  the  motility  of  the  eye  and  of  binocular  vision,  see  |  123, 


*fUi  this  tMTt  of  Snetle>n*s  the  red  and  pre«n  letteni  are  tr&nsparent  jind  placed  upon  an  opaqis» 
pmnd  Mid  are  hang  up  bcior«  a  window  »o  »a  to  be  men  by  tr&ntimitt«?^!  lieht.  In  tbi«  cjun?,  a«  atatad 
in  fb»  test,  only  the  red  Jctleni  are  »en  tbrouslt  the  red  i^am»,  and  only  ihr  f^reen  through  the  ktmo 
ifrr-  The  «aiD«  wiH  occur  if  thfr  red  and  green  letter»  are  opaque,  ancj  plained  on  a  tliill  bW-k  i^ound, 
■vl  ^rym*d  by  refleeted  lifEbt.  In  either  caae  the  conditions  are  opposite  to  tho^  whicb  exiet  in  the 
IMI  aval  okMitkined,  in  which  opaque  red  lettars  are  viewed  by  reüectetl  light  an  a  white  ground. — D.l 
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CHAPTER  L 
DISEASES  OF  THE  CONJUNCTIVA. 

Anatomy. 

7.  The  conjunctiva  coats  the  posterior  surface  of  the  lids  and  the 
[interior  surface  of  the  eyebalL     It  fornis  ii  «ae,  t!ie  conjunctivtil  sac, 
jthich  i&  slit  open  anteriorly  in  a  line  corre.spondiiip;  with  the  palpebral 
ifissurc.     In  the  conjuncliva  we  tliätintrut^fi  three  divisions.     That  part 
the  conjunctiva  which  covers  the  posterior  surface  of  the  lids  and 
ihich  is  closely  adherent  to  the  tarsus  is  called  the  conjunctiva  tarsi; 
ihat  division  which  coats  the  anterior  surface  of  the  eyeball  is  the  con- 
junctiva bulbi.     The  connection    between  the  two   is  fi^rmed  by   the 
jihird  division,  w^hich  we  name  the  transitional  portion  of  the  conjunctiva 
Jtcottjunctiva  fornieis).     That  region  where  the  conjunctiva  is  reflected 
Dtii  the  lids  to  the  eyeball  and  which  forms  the  bottom  of  the  con- 
junctival sac  is  called  the  fornix  conjunctivae. 

We  get  a  view  of  tlie  conjurtcüva  tarsi  in  the  living  eye  by  evert- 

the  lids.     It  has  a  smooth  surface  and  is  intimately  and   immov- 

ra"-     '^prent   to   the  subjacent    tarsus  (Fig,  39,  k),     (It  is  therefore 

H  to  cover  up  losses  of  substance  of  the  palpebral  conjunctiva 

by  j^erforniin^  an  operation   to    draw-   the   adjacent   conjunctiva  over 

hem*  as  is  often  done  with  the  conjunctiva  ijulbi.)     On  account  of  its 

linaess,  the  conjunctiva  tarsi  allows  the  Meibomian  glands,  w^hieh  lie 

In  the  tarsus  itself,  to  be  seen  through  it  clearly. 

The  microscope  show^s  that  the  conjunctiva  of  Ihe  lids  as  well  as 
that  of  the  fornix  is  covered  w^ith  a  lanimate<i  cylindrical  epithelijim. 
The  muin->u^  mfifnhriinp  proper  is  ot  adenoid  character—  that  is,  everi  in 
le  healthy  state  it  contains  an  abunchuit  quantity  of  lymphocytes^ 
ich  notably  increase  in  rmmber  with  every  inflammation  of  the  cnn- 
nrtiva.  The  palpebral  conjunctiva  contains  small  plands.  which 
found  partly  along  the  convex  1  »order  of  the  tarsus  (Fi^.  39,  w?). 
tly  in  the  fornix  conjunctivae  (Krause's  glands.  Fig,  39,  A*r).  In 
net u re  these  resemble  the  lachrymal  gland. 

The  conjunctiva  of  the  upper  lid  obtains  its  blood  supply  from  two 

mal  arches,  the  arcus  tarseus  suf>erinr  and  the  arcus  tarseus  inferior. 

The  arcus  tarseus  inferior  (Fig.  40,  at)  lies  on  the  anterior  surface 

the  tarsus  close  to  its  lower  border.     To  rearh  ihe  conjunctiva  its 

änehes  perforate  the  tarsus  through  its  entire  thickness  from  before 

Ickward,  2  to  3  mm.  above  the  free  edge  of  the  lid  (Fig.  40,  rp).    The 
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line  along  which  the  vessels  come  out  along  the  tarsus  is  marked  by  a 
shallow  furrow  (sulcus  subtarsalis)  on  the  conjunctival  surface  of  the 
lid.  The  arcus  tarseus  superior  (Fig.  40,  as)  lies  a  little  above  the  upper 
border  of  the  tarsus  upon  the  fascia  tarso-orbitaUs,  which  nms  from  the 
tarsus  to  the  margin  of  the  orbit  and  through  which  the  branches  of 
the  arcus  superior  pass  to  the  conjunctiva.  On  the  lower  lid  there  is 
but  one  arterial  arch. 

The  conjunctiva  of  the  region  of  transition  [retrotarsal  fold]  is  very 
readily  brought  to  view  in  the  lower  lid  by  drawing  the  Ud  down  while 
the  eye  looks  up.  In  the  upper  hd  the  retrotarsal  fold  is  harder  to  see. 
To  see  it,  we  draw  the  hd  by  the  lashes,  well  down  and  [then]  away  from 
the  eyeball,  and  then,  by  means  of  a  slender  rod  placed  beneath  the 
eyebrow,  press  the  skin  of  the  lid  down  until  the  retrotarsal  fold  pro- 
trudes.    [See  also  page  72.] 

The  retrotarsal  fold  is  the  most  lax  portion  of  the  conjunctiva, 
the  latter  being  here  so  abundant  that  it  Ues  in  horizontal  folds.  This 
arrangement  insures  the  eye  its  free  power  of  movement.  If  the  con- 
junctiva were  to  pass  directly  from  the  lid  to  the  eye,  as  is  sometimes 
observed  in  consequence  of  disease  of  the  conjunctiva,  every  movement 
of  the  eyeball  would  be  transmitted  to  the  Uds;  and  if  one  of  the  lids 
was  held  still  with  the  finger,  the  eyeball  would  be  hampered  by  it  in 
its  movements.  But  the  conjunctiva  is  present  in  such  quantity  at  the 
fornix  that  the  eye  is  able  to  move  in  complete  independence  of  the  lids, 
the  folds  in  the  region  of  transition  being  smoothed  out  or  crumpled 
together,  as  the  case  may  be.  Appearing  through  the  lower  fold  of 
transition  are  the  extensive  subjacent  plexus  of  veins  and  also  the  white 
glistening  fascia.  Its  lax  character  and  also  its  abundant  blood  supply 
render  the  fold  of  transition  particularly  liable  to  great  swelling  in  in- 
flammations of  the  conjunctiva. 

The  conjunctiva  hvlhi  covers  the  anterior  surface  of  the  eyeball. 
It  has  no  aperRir^To^sponding  to  the  cornea,  but  continues,  even  if 
with  altered  character,  over  the  latter.  This  continuity  of  the  con- 
junctiva makes  it  plain  to  us  why  morbid  processes  of  the  latter  do  not 
stop  at  the  margin  of  the  cornea  but  are  continued  upon  the  surface  of 
the  latter,  as  we  see  very  clearly  in  trachoma  and  in  conjunctivitis  ecze- 

ExpLANATioN  OT  Fio.  30. — Pbrpbndiculab  SECTION  THBOUOH  THE  IJppER  LzD.    Macnified  6X1. 

The  skin  of  the  lid  presents  in  the  upper  part,  a  sulcus,  the  overhanging  fold,  a*  below,  it  covers 
the  anterior  edge  of  the  lid^  v.  In  the  skin  are  found  minute  hairs,  e,  sweat-glands,  a,  and  on  the 
anterior  edge  of  the  lid  the  cilia,  c,  c,  c.  Adjoining  the  latter  are  sebaceous  glands  (Zeiss's  glands);  in 
front  of  the  hair  papilla  of  the  most  posterior  cilium  is  seen  the  transversely  divided  tube  of  a  modi- 
fied  sweat-fland  (Moll's  gland),  the  excretory  duct  of  which  runs  down  along  the  cilium  and  emptiee 
into  the  hair  follicle.  Beneath  the  skin  lie  the  transversely  divided  bundles  of  fibers  of  the  orbiou- 
l&ris  muscle,  o,  of  which  those  placed  most  posteriorly  at  r  form  the  musculus  ciliaris  Riolani.  The 
posterior  surface  of  the  lid  is  covered  by  conjunctiva  which  is  intimately  adherent  to  the  subjacent 
tarsus,  k,  and  over  the  latter  presents  isolated  papiUs  especially  in  the  space  between  k  and  to,  cor- 
responding to  the  upper  (convex)  border  of  the  tarsus.  Still  higher  up  in  the  vicinity  of  the  fornix, 
/.  the  conjunctiva  shows  an  adenoid  character.  The  Meibomian  glands  have  their  orifices  in  front  of 
the  postenor  edge  of  the  lid,  h;  above  them  lie  the  branched  tubular  glands,  w,  w,  and  still  higher  up 
Krause's  glands,  kr,  and  in  front  of  the  latter  Mailer's  musculus  tarsalis  superior,  f,  and  thelevator 
palpebr»  superioris,  I.  From  the  latter  leashes  of  fibers  pass  between  the  muscular  bundles  of  the  orbic- 
ularis to  the  skin  of  the  lid.  t,  lax  connective  tissue;  aa,  the  arcus  tarseus  superior.  Above  the  root« 
of  the  cilia  is  seen  the  cross  section  of  the  arcus  tarseus  inferior. 


124 


TEXT-BOOK  OF  OPHTHALMOLOGY. 


.~ri> 


matosa.  The  two  divisions  of  the  conjunctiva  bulbi  are  distinguished 
as  the  conjunctiva  sclerse  and  conjunctiva  cornese.  The  conjunctiva* 
corneae  is  perfectly  transparent,  and  is  so  intimately  adherent  to  the 
cornea  proper  that  it  must  be  regarded  as  the  uppermost  layer  of  the 
latter,  and  is  better  treated  of  at  the  same  time  with  the  cornea  itself 
(see  §  27). 

The  conjunctiva  sderce  covers  the  anterior  segment  of  the  sclera  in 
the  form  of  a  thin  pellicle.  It  is  connected  with  the  sclera  by  lax  con- 
nective tissue  (the  episcleral  tissue)  so  loosely  that  it  can  readily  be 
moved  about  from  side  to  side  upon  the.  sclera.  It  is  onlv  at  the 
nerinhfiry  of  t.hft  g^rnf^ji.  where  it^  ends  in  a  sharp  edge,  the  limbus^ 
coniupctiyse,  that  the  conjunctivascierse  is  mtimatelv  adherent  to  its 
substratum.     It  is  very  thin  and  elastic  and  lets  the  white  sclera  be 

seen  through  it  plainly,  thus  forming 
the  "white  of  the  eye.''  In  old  people 
there  is  an  area  at  the  inner  and  the 
outer  margins  of  the  cornea  which  con- 
trasts by  its  yellow  color  with  this 
whiteness.  This  has  the  shape  of  a 
triangle  with  its  base  at  the  corneal 
margin,  and  projects  a  little  above  the 
rest  of  the  conjunctiva.  It  is  called 
the  interpalpebral  spot  or  the  Pinguec- 
ula,^ and  is  produced  by  the  fact  that 
that  part  of  the  conjunctiva  which, 
being  included  in  the  interpalpebral 
fissure,  is  constantly  exposed  to  atmos- 
pheric influences,  has  undergone  an  alteration  in  its  tissues. 

The  conjunictiva  sclerse  is  covered  with  laminated  pavement  epithe- 
lium and  contam^^Q^^TSiRlfi.  Af  the  mner  angle  of  the  eye  it  forms  a 
crescentic  duplication,  the  semilunar  fold  (plica  semilunaris),  which  repre- 
sents an  abortive  remnant  of  the  palpebra  tertia  (nictitating  membrane) 
of  animals.  To  the  inside  of  the  semilunar  fold  is  a  small,  reddish,  nipple- 
like prominence,  the  caruncle  (carugaiJaiJafi|i|BjJis),  which  occupies  the 
bottom  of  the  horseshoe-shaped  excavation  at  the  angle  of  the  eye  (Fig. 
56,  C).  This  is  «Vi^Ym  |-p  Jafi^ljuj^j^xilQirig^lly  a  small  island  of  ak^p.  contain- 
ing  sebaceous  pjlands.  sweat  c^lands.  and  small  glands  like  Krause's  glands, 
and  having;  ita^^miafifl^Mii^e^^d  with  minute  iignt-colored  "EairaT"^ 

The  conjunctiva  of  tne  eyeoaii  receives  its  blood-vessels  chiefly 
from  the  vessels  of  the  retrotarsal  fold — the  posterior  conjunctival 
vessels  (Fig.  41,  h  and  A^).  Furthermore,  the  anterior  ciliary  vessels 
(Fig.  41,  c  and  c^)  take  part  in  supplying  the  conjunctiva  with  blood. 
These  vessels  come  from  the  four  recti  muscles  (Ä,  Fig.  41)  and  run 
under  the  conjunctiva  (through  which  they  are  visible,  shining  with  a 
bluish  luster)  until  near  the  edge  of  the  cornea,  where  they  suddenly 


Fio.  40.- 


-Arteries  of  the  Upper  Lid. 
Magnified  3X1. 

aa,  arcus  tarseus  superior;    ai^  arcut» 
tarseuB    inferior;    rp     rami   perforantes. 


Limhus ,  hem.     '  PinguUt  fat.     *  Caruneula^  dim.  of  earo,  fleah. 
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appear,  since  they  pass  through  the  sclera  into  the  interior  of  the 

But,  before  this  happens,  they  give  off  branches  which  end  in 

^uLtkT  loops,  in  the  limbus  conjunctivae  directly  at  the  margin  of  the 

(marginal  network  of  the  cornea^Fig.  41,  r  and  Fig.  42).    This 

Iter  is  of  great  importance  for  the  cornea  which  is  chiefly  dependent 

upon  it  for  it^  nutrition.    Other  branches  of  the  ciliary  vessels  (anterior 

*  ival  vessels,  Fig.  41,  c)  run  backward  in  the  conjunctiva  toward 

rrior  conjunctival  vessels  (hh^)  and  amxstomose  with  them. 

We  have  therefore  in  the  conjunctiva  two  vascular  systems — that 

the  pot*terior  conjunctival  vessels  and  that   of  iiie~  anterior  cuiAry 

According  as  the  one  or  the  other  system  is  overdistended 


B 


K 


II. — BLooi>-VnftKUi  or  tub  AirrKmio»  ScontiKr  or  tbk  Eve.    8<-heii4tic*  (After  Leber.) 

7W  |io*l«?rior  rinijunct  ival  vewel^,  AamiA  i,  rommynirnte  wkli  ihe  mDteriorr<Mi)tttirtivAl  vestf«}^,  r, 
Idl  »m«  to  m«et  them  ami  which  are  ffrancht^  of  the  turitcriiir  ciliary  vcaMl«,  c  ar^l  n;  artiJ  with  the 
Itr  mrm  the  mftrKinal  net  work  in  the  lixnbufi.  n«  Schlemm 'a  mtial;  H,  camea;  B,  conjunGtiva;  H^ 
9  gf  the  rveti  mtmel«»;  L,  let». 


rith  blood,  the  conjunctiva  has  a  different  aspect,  which  we  designate 
ctively  as  conjunctival  and  as  ciliary  injection. 
Conjunctival  injection  presents  to  us  a  superhcially  disposed  net- 
>rk  of  larger  and  smaller  vessels,  whose  situation  in  the  conjunctiva 
proved  by  the  fact  that  when  it  is  moved  about  they  move  with  it. 
^e  color  of  the  injection  is  a  vivid  scarlet  or  brick-red;  the  individual 
scuUr  meshes  are  plainly  to  be  recognized.  This  injection  is  charac- 
mstir  of  diseases  of  the  conjunctiva  itself. 

Ciliary  injection  orrurs  as  a  rose-red  or  pale-violet  zone  round  the 
>mea  (hence  the  designation  peri-  [circum-]  corneal  injection)»  in 
^hich  we  are  unable  to  recognize  clearly  any  individual  vessels.  With 
ejection  of  greater  intensity  we  see.  still  farther  removed  from  the 
srnea»  a  coarser  network  of  vessels,  which  are  to  l>e  recognized  as 
Bply  placed  by  their  violet  color  and  their  hazy  appearanre;  by  the 
t^  moreover,  that  when  the  conjunctiva  is  displaced  over  them  they 
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do  not  move  with  it.  Ciliary  injection  is  most  markedly  distinguished 
from  that  of  the  conjunctiva  by  its  violet  hue  as  well  as  by  the  diffuse 
appearance  of  the  redness,  due  to  the  fact  that  the  individual  engorged 
vessels  can  be  made  out  but  indistinctly  or  not  at  all.  Ciliary  injec- 
tion most  frequently  accompanies  diseases  of  the  cornea,  and  also 
of  the  iris  and  the  ciliary  body,  parts  which  belong  to  the  vascular 
district  o£  the  anterior  ciliary  vessels.  On  account  of  the  numerous 
anastomoses  between  the  two  vascular  districts  of  the  conjunctiva,  we 
find  both  injected  in  every  inflammation  of  any  great  violence  in  the 
anterior  section  of  the  eyeball;  even  then,  however,  it  is  still  generally 


Fio.  42. — Marginal  Network  in  the  Limbus.     (After  Leber.) 

The  arteries  are  drawn  in  light  color,  the  veinfl  dark.    In  the  marginal  loops  can  be  distinguished  the 
thinner  arterial  and  the  thicker  venous  segments. 

possible  to  recognize,  along  with  the  superficial  conjunctival  injection, 
the  ciliary  injection,  more  deeply  situated  and  directly  surrounding 
the  cornea. 

In  the  egUJ^dittii^Q^^^econjIu]^^       particularly  in  its  uppermost  layers,  are 
found  cells  which  are  undergomgamucous  metamorphosis  {be^j^ercelU).    The^occur 


but  snarselv  in  \b^  ^nrvnii\  onn\^nc.t\y^A.  but  multiply  to  a  great  extent  in  inflammatory 
disorders _of  the  latterT*^ 

'l"'h?  con] line t iva  of  the  tarsus  rises  in  low  papillae,  over  which,  however,  the  epi- 
thelium passes  undimpled,  so  that  the  surface  of  the  conjunctiva  is  smooth.  This  con- 
tinues so  up  to  the  convex  border  of  the  tarsus,  where  notOTilyTn*6^irc"pai5lIße  higher, 
but  the  surface  of  the  epithelium  dips  down  between  the  papillse,  forming  sulci  so  that 
the  papilliE  become  visible  as  distinct  structures  and  the  surface  of  the  conjunctiva 
acquires  a  slight  velvety  api)earance.  The  extent  to  which  these  papilbc  are  developed 
shows  great  individual  variations,  and  the  line  between  a  physiological  and  a  patho- 
logical state  can  not  be  sharply  drawn.  The  conjunctiva  is  exposed  to  external  influ- 
ences more  than  any  other  mucous  membrane,  and  hence  in  every  man  attacks  of  hyper- 
emia occur  in  it  often  in  the  course  of  life,  and  these  may  ultimately  result  in  a  perma- 
nent alteration  of  the  membrane.  This  is  probably  also  the  cause  of  the  variations  in 
degree  of  the  adenoid  structure  of  the  conjunctiva.    Small  quantities  of  plasma  cells, 
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[lilies  consisling  of  lympbcK-ytea,  are  present  in  the  heallliy  conjunctiva, 
amc  increiiiwd  iks  a  result  i>f  the  stalle  set  up  by  repeat p< I  irritation.  The 
Ekf?  ia  tnjr  af  the  inconstant,  but  still  very  frequently  sf*efi  tubular  depres*«ions  Itm-d 
«ilh  ryiiwtncal  ernthoUurn  which  arc  rallctl.  after  tlicir  discoverer.  Henle's  glands  (Fiß. 
iÜ  Dl  i  >,  Furthcrmurc.  in  miildli-  aiul  ;uK:at(  cd  Jiff  then*  arc  founii^  frequently  ii\  the 
MiTxtatfiiml  foU(71c>>  4>ft(-ri  in  tire  jKrTpTrr^FfCTjnmnjxiL-Ill^ 

the  lafafcis  oi  tb<:  ^T'lb^'timklLJ^htiuL  page  t>ljfK  Tliis  ai^ain  is  an  instance  of  the  new 
lonrnGoffüntKla^nTTuT^inniTITi  <lcve!op  concretions  ttmt  are  vlaible  thrnujth  I  he 
flonjmiCttVft  under  the  lonrt  uf  vtllow  tlots.  ^^■^-^^—i ^»w 

*mPWHorLui  ex  I  e  ma  I  injuries  shows  it. self  most  plainly  in  forming  the  jritujurcuh . 
Itiis  corrApnidfl  precisely  to^tliat  region  of  the  conjiinctiva  which  is  moet  exfKMieii  to 
«Jul,  dmit,  etc.  TliiÄ  intcrptdpebral  spot  owes  its  name  j^irmieeuja  tn  its  yellow  color» 
fflufh  ^^m  formerly  referreii  to  deposition  of  fat  in  the^>njnnRiva.  What  achially 
w  preansi^  however,  is  a  thickening  of  tlie  conjunctiva,  due  cliicfiy  to  a^j  jftiiJIVtJ^^Lif^ 
tk  number  and  size  of  \Xs  chi^nTTmel^^^tSnnaTm^vith  iJ^j^  j^  ^[j^frirm^tjj^^ 
[Ictwiüh 


mrroSs^hcrenons  Ol  a  v3 


OUfSlI 


S3SE^ 


HvMlinc 


snlisr:jiHH\  tti  svhtch 


y^^|e 
in  fa< 


ina'  tnmsparc  nr 

itnfiMt  hulhi  IS  niarkodlv  nnidcncd 


Ji^ 


n  u- 

t he  Pinguecula 


As  a  reMufnTFuVese  rltariices,  the  c<jnjunc(iva  in  this  place  becomes 
winch  rctison  \\w  pingxicrula  aptnntrs  njfKst   prominent   when  the 


^ ,  wlictTä'r  froni  mjecnon  or  trom  cxtnivasjUion 

Ol  '*i>.i.  In  nus  ciLy^^nRnHnffuecTlul  iloe8  not  allow  the  re<l  color  of  I  lie  bliKui  u>  ^hine 
AS  piajnly  as  does  the  adpcent  conjunctiva  that  is  not  thickened,  and  the 
thetffore,  stands  out  frcim  the  rtnj  auh*8tratum  in  the  form  of  a  h>?h( -colored 
tnftogk*,  &f  that  by  be^nners  it  is  easily  confounded  with  &  diphtheritic  inhlt ration  of 
tk  «mjunctiva,  or,  when  the  yeliow  color  is  pronounced,  with  a  small  pustule. 

[lNrLAMlkfAT10>f   OF  THE    CONJUNCTIVA. 

fnf!nnimatiovi  of  the  conjunctiva — ixinjunctivitis — compn^es  many  form*»,  some 

distinct,  like  gonorrhieal  ami  diphtljerial  conjimctivilis,  others  clinically 

k  liut  of  eom|»lex  or  uncertain  etiologv\    The  clinical  classification  is  followed 


L  CoNJUNCTr%  iTis  Catarrh  AUS. 
(o)    Cüiifunctivüü    Caiarrhalis    Acuta. 

Symptoms. — Acute  conjunctival  catarrh,  in  the  lighter  cases, 
liffectö  the  conjunctiva  of  the  lids  and  of  the  region  of  transit 
The  conjunctiva  of  the  Ikb  presents  a  vivid  redness  and  is  re- 
The  injection  is  usually  reticulate — i.  e>,  the  separate  vessels 
still  be  distinguished  as  such;  it  is  only  when  the  injection  is  ^^^pe- 
Wly  dense  that  the  conjunctiva  acquires  a  uniforndy  red  appearance, 
surface  of  the  conjunctiva  i.s  Hmooth ;  c atarrh  js  thus  disfiniru i s h ed 
^um^T^nie^or^^^!WnTfanTmainnn  of  tTie  cfaiijunrti\  n  \n  wh i c h 
latter  is  Intiltrated  and  siili^eguentlv  b'v  iH^rtr<i])luffl.  as  snown  by 
ime^^nnc^^)^?.^  surface.  1  he  retndarsal  f<dd  lus  well  as  the  plica 
flemilunaris)  is  likewise  greatly  reddened  and  is  somewhat  swollen, 
while  the  conjunctiva  bulbi  shows  little  or  no  change. 

The  seven  ca^es  are  di.stinguished  from  the  lighter  ones  by  the  fact 
thnt  the  pfiircss  invades  the  conjunctiva  bulbi.     The  redness  and  swell- 
of  the  palpebral  conjunctiva  are  greater,  and  miKlerate  crdema  of 
lids  is  often  present  at  the  same  time.     The  conjunctiva  of  the  eye- 
shows  httfibi  fc  tlü'*""*  reticulate  reddening  and  a  slight  degree  of 
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swelling.    Very  frequently  we  find  in  the  midst  of  the  reticulate  injec- 
tion red-colored  spots — i.  e.,  small   hemorrhages,  ecchymoses  of   the 
conjunctiva — produced  by  the  rupture  of  small  vessels.     The  severer 
>    cases,  in  which  the  conjunctiva  is  affected  throughout  its  entire  extent, 
'Vb  are*^esi^5!ateaun3ertB?*naEft  ophthalmia  catarrtialiä.  to  distin- 

n.\  guish  them  ^rom  the  lighter  forms,  winch  are  named  simply  conjunc- 
j^^  tivitis  catarrhalis;   and  if_at__thg_^nie_time  there  is  a  specially  marked 
swelling  of  the  retrotaraanoM!^!s*occuS*parnc^^ 
form,  it  IS  called  'Humid  batarrh.^^^    /j  U  i|  iMiJIlf^^  llTfilf^ 

Inflammation  of  the  conjunctiva  i^accompanied'oy  increased  con- 
junctival secretion.  This  secretion  appears  under  the  form  of  flakes 
of  mucus,  swimming  in  the  abundant  lachrymal  fluid.  The  more  in- 
tense the  inflammation  the  greater  the  secretion,  and  the  more  the 
character  of  the  latter  changes  from  mucous  to  purulent.  Violent  cases 
of  ophthalmia  catarrhalis,  therefore,  are  in  their  inception  often  hard 
to  distinguish  from  an  acute  blennorrhoea  of  slight  intensity,  although 
of  course,  the  subsequent  development  of  the  case  makes  the  diagnosis 
clear.  The  secretion  which  exudes  from  the  palpebral  fissure  dries  at 
night  upon  the  edges  of  the  lids  and  glues  them  together. 

The  subjective  symptoms  consist  of  photophobia,  and  of  itching  and 
burning  of  the  eyes.  The  intensity  of  the  annoyance  given  depends 
naturally  upon  the  degree  of  inflammation.  Violent  pain  however, 
is  but  rarely  present,  and  then,  as  a  rule,  is  excited,  not  by  the  catarrh 
itself,  but  by  its  complications  (especially  ulcers  of  the  cornea).  A  very 
troublesome  sensation  frequently  present  is  that  of  a  foreign  body  being 
in  the  eye,  and  is  caused  by  flakes  and  filaments  of  tough  mucus  in  the 
conjunctival  sac.  If  such  filaments  lie  upon  the  cornea,  they  produce 
the  disturbances  of  sight  of  which  the  patients  sometimes  complain. 
These  are  distinguished  from  visual  disturbances  of  more  serious  character 
by  the  fact  that  clear  vision  is  immediately  restored  by  brushing  the 
mucus  off  with  the  lids.  It  is  a  characteristic  feature  of  catarrh  that  all 
its  disaprreeable  characters  are  least  pronounced  iff  th^  morrnngTahd 
afterward  graduallv  ipc*reaap^  until  thev  reach  their  highest  point  in 
the  evening. 

Course. — This  is  favorable  in  uncomplicated  cases,  the  inflamma- 
tion disappearing  spontaneously  after  from  eight  to  fourteen  days. 
Not  infrequently,  however,  thefe  remains  a  condition  of  chronic  in- 
flammation (chronic  conjunctival  catarrh),  which,  to  be  sure,  causes 
less  annoyance  than  the  acute  stage  but,  on  the  other  hand,  is  protracted 
over  a  long  time.*  In  the  majority  of  cases  acute  conjunctival  catarrh 
attacks  both  eyes,  and  either  both  simultaneously  or  one  eye  a  few 
days  after  the  other. 

The  complications  which  are  observed  in  catarrh  are  cprneal  ulcers 
and  iritis.     The  development  of  corneal  disease  is  manifested  by  an 

*  [There  ia  no  good  English  equivalent  for  the  German  "Schwellunirskatarrh." — D.l 
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incfeftse  in  the  pain  and  photophobia.     4L-fiX^t  we  recognize»  in  the 
neigh boriioud  of  the  corneal  margin,  ginall  jgray  poims,  which  are  ar- 
ranged  m  a  row  cuni-entric  wjtJi  the  conical  nnn-c^in.    The  next  few  days, 
Ibode  punctate  infill ration8  of  the  cornea  become  more  numerous  and 
ftt  length  confluent,  00  as  to  form  a  small  gray  crcacent.     By  a  process 
of  superbciai  amintegration  an  excavation  Is  produced,  so  that  finally 
a  craseentic  ulcer  is  formed,  situated   very   near  the  corneal   margin 
juid  concentric  with  it.     Huch  ulcer8  are  characteristic  of  conjunctival 
eatarrh  and  are  hence  called   catarrhal   ulcers.      Ordinarily   the    ulcer         t ' 
becomes  clean  quickly  and  heals,  leaving  behind  it   a  aliKht   arcuate  jJr^\^ 
opacity;    in  catsei^.  however^  that  are  of  special  inten^sity,  pej^'orationC^jJJr 
oiTB?  cornea  may  occur,  • 

The  comi>licationÄ  above  mentioned  are  observed  only  in  severe^ 
cases — that  is,  only  in  ophthalmia  catarrhalis.  They  very  oft 
owe  their  existence  to  faulty  treatment  of  the  catarrh.  Amojiirthe 
laity,  all  sort.8  of  household  remedies  are  in  use  for  inflainiTmtion  of 
the  eyes,  such  a.s  the  application  of  raw  meat,  or  of  bpirfa  soaked  in 
oiilk^  or  of  cooked  onions,  or  a  bathing  with  urine,  t^.  8uch  reme- 
dies are  w^ell  adapted  to  increase  the  infiamnmtion  and  produce 
eompliration^. 

Etiology,^ Acute  conjunctival  catarrh  in  the  majority  of  cases  is 
certainly  produced  by  bacteria,  whose  multiphcation  in  the  conjunctival 
aac  induces  the  inflammation  of  the  mucous  membrane.  The  soyrne  of 
the  morbid  gernus  varies.  They  may  lie  transferred  from  a  diseased  to 
a  healthy  eye;  that  is,  the  catarrh  may  be  produced  by  contagion. 
This  18  eminently  probable  in  the  ca,se  uf  epidemics  occurring  in  the  same 
family  or  the  same  house.  At  certain  times,  especially  in  the  springy 
wlien  so  many  people  are  attacked  l)y  catarrhs  of  the  air  passages,  by 
OOO^za,  coughs,  etc.,  conjunctival  catarrhs,  too,  are  generally  present  in 
especially  great  number  and  many  fiatients  with  conjunctival  catarrh  also 
hmvrf  ||[  \^^  sAtng  time  a  corvza,  in  the  stTTCtiun  from  wliich  not  infre- 
quently  the  same  bacterfa  are  delnonstrable  as  in  the  conjunctival  secretion. 
[q  tliat  ciise  the  disease,  apart  from  direct  transfer,  can  be  spread  by  par- 
tirieB  thrown  out  in  sneezing,  coughing,  etc.  At  such  times  real  epidem- 
ic» of  tninjunctival  catarrh  occur,  and  under  these  circumstances  it  is  the 
V]ol(*nt  form  (ophthalmia  catarrhalis)  which  is  prevalent.  It  is  further 
po8»ble  that  pathogenic  germs  which  are  sometimes  already  present  in 
t?i  i.il  conjunctival  sac  may  spontaneously  multiply  so  greatly  as  to 

c'\  iimnnation.    But  in  not  a  few  causes  of  acute  conjunctival  catarrh 

Üie  examination  of  the  secretions  for  bacteria  proves  negative. 

Therapy. — By  suitable  treatment  the  duration  of  a  conjunctival 
catarrh  can  be  considerably  shortenett  and  the  development  of  a  chronic 
catarrh  prevented.  The  sovereiirn  remedy  in  all  the  more  intense  cases 
of  catarrh  is  the  cauterization  ot  the  conjunctiva  with  nitrate  of  silver. 
This  should  corae  into  contact  with  t!ie  conjunctiva  only,  and  not  with 
the  cornea.     In  applying  it,  wt  evert  the  lids  so  that  their  conjunctival 


curface  looks  forward. 


The  latter  is  then  brushed  over  w^ith  a  2-per' 
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cent  solution  of  silver  nitrate  and  the  excess  of  the  solution  is  quickly 
washed  ofif  with  lukewarm  water  or  with  a  weak  solution  of  salt.  We 
now  find  the  surface  of  the  conjunctiva  covered  with  a  deUcate  bluish- 
white  peUicle.  This  is  the  superficial  slough  which  the  solution  has 
produced.  The  immediate  result  of  this  procedure,  which  is  called 
painting  the  conjunctiva,  is  violent  burning  and  marked  irritation  of 
the  eye,  an  increase,  in  short,  of  all  the  inflammatory  phenomena  (stage 
of  exacerbation).  After  this  has  lasted  from  a  quarter  to  half  an  hour, 
according  to  the  energy  of  our  appUcation,  improvement  gradually  sets 
in.  An  examination  of  the  eye  at  this  time  shows  that  the  thin  slough 
is  separating  and  is  being  thrown  off  in  the  form  of  shreds.  When  this 
is  completed,  we  find  the  eye  paler  and  the  patient  feels  relieved  and 
much  less  annoyed  by  his  catarrh  than  was  the  case  before  the  applica- 
tion of  the  brush  (stage  of  remission).  This  improvement  lasts  from 
half  a  day  to  a  day,  according  to  the  intensity  of  the  catarrh.  Then 
the  troubles  gradually  increase  again  (recrudescence).  This  is  a  signal 
for  repeating  the  application.  As  a  rule,  it  is  sufficient  to  make  the 
application  once  a  day^  and  best  in  the  mormng. 

Beginners  must  particularly  avoia  making  the  appUcation  too  ener- 
getically. If  this  has  been  done,  the  pain  that  follows  the  application 
lasts  unusually  long  (for  hours),  and  we  find  that  even  after  a  pretty 
long  time,  indeed  even  on  the  following  day,  the  slough  is  still  adherent 
in  places.  This  is  a  proof  that  the  sloughing  process  has  penetrated 
too  deeply.  If,  in  spite  of  this,  we  should  repeat  the  appUcation,  we 
would  produce  a  progressively  deeper  and  deeper  sloughing  of  the  tis- 
sue, and  increase  the  inflammation  instead  of  curing  it.  We  must 
omit  the  application.  therefore^_a8-Jmig-as_the  slough  is  still  ^dhpxpnt 
to  anv  part  of  thpt  fionjnn^^ivA. 

For  less  severe  cases  of  acute  catarrh  (especially  for  those  produced 
by  the  diplobacillus, — see  below),  zinc  sulphate  is  used.  This  is  instilled 
once  a  day  in  J-per-cent  solution.  [It  is  also  effective  in  }-  or  |-per-cent 
solution,  and  is  often  ordered  to  be  instilled  two  or  three  times  a  day. 
Zinc  chloride  in  ^per-cent  strength  is  also  used. — D.]  This  method 
of  treatment  has  the  advantage  over  the  appUcation  of  the  silver  solu- 
tion that  it  can  be  employed  in  the  case  of  patients  who  are  not  able 
to  visit  the  physician  every  day. 

When  the  acute  stage  of  the  catarrh  has  started  to  decline,  we 
change  to  the  use  of  astringent  collyria,  such  as  are  employed  for  chronic 
catarrh,  for  which  see  page  137.  For  the  agglutination  of  the  lids  during 
the  night  we  order  an  ointment  (of  boric  acid  or  of  white  precipitate)  to 
be  rubbed  at  bedtime  upon  the  borders  of  the  lids  —  the  eyes  being  closed. 

In  addition  to  our  medicinal  treatment  of  conjunctival  catarrh,  we 
must  not  forget  to  enjoin  upon  the  patient  general  rules  for  taking 
care  of  himself;  telling  him  to  keep  the  eye  clean  by  washing  it  with 
lukewarm  water,  and  to  avoid  smoke,  dust,  and  bad  air  in  general,  and 
recommending  him  instead  to  pass  his  time  in  the  open  air.  He  must 
also  refrain  from  straining  the  eyes  much,  especially  in  the  evening  by 
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I  artificial  light*  In  consideration,  too,  of  the  possibility  of  the  spread  of 
j  the  disease  by  contag:ion,  the  patient  must  take  care  not  to  use  the  same 
LwÄsh  httsin,  towels,  etc,  with  other  people. 

^V        Acute  catarrhal  conjunctivitis,  alao  called  Conjunctivitis  simplex,  may  be*  caused  by 

diffiTPDt  kinds  of  bacteria.     In  the  Bevere  cagr^  of  ojihrhahBJa  rat  a rr hulls,  particiilarly 

in  tho^'  which  occur  in  epidemics,  there  is  fdurid  a>s  tlie  cim^v  oi  me  trouble  a  very  A^Ajt^ 

<mail  bacillus  dwrilU^  I'IftIf  by  Kof  hj  aftonvards  by  \\  eekg  (Fijic.  43).     CXsca  of  leaa  ' 

fr\*ritv,  r>;irtini!nr!v  those  whir h  are  iissociaTtHi  with  rf^ddrniiig  at  the  angles  ot  the  Hds 

'  I  Faitrj  wliif-li  li.sMJÜIy  nm  a  rliioiiM  Ij7iur8e|,  are  eaus'd  lay  tfiT'~ilip- 

l  I  V  Mör;>\  ainl  Axrhlrlc!  i  f  Ijj.  44  L     I  [use  two  baetena  nvv  the  p  rms 

I:  inund.     1  ije  imeuTüijii^iiitus  h:ü-t  \wen  found  in  cases  of  acute  conjunctivitis 

Mren,  rarely  in  adults:  the  p( reirtogoceus  in  cases  of  catarrh  with  Riniulta- 

f  the  tear  sac;  the  influen/a  liat'iUiis  in  epidemics  of  influenza;  and  the 

_         in  e*?rehr«>spiQtd  ntcmngnU.     tt  J'e  interucor-cu^  eatarrhalis,  which  re- 

Üonocorcus  in  apf^>eArance  and  »toinini^  properticf?»  oceurH  in  saoiiio  caäes, 

•  if  «»pidi^mie  Conjunctivitis». — D.|     In  a  few  eaj*es  the  cause  of  the  trouble 

Ut  be  the  etaphylococcus,  the  bactemimcoli,  the  bacillus  subtiüs,  Petit*s  diplo- 


^> 


Fiti, 43 


Fio.  44. 


'4? 


f^o.  4«,^Kocii«WKKKt  BACfLLPi.  tAftcr  WpichseltAum-Miiller,)  Magnified  025X1.  Th»  bs- 
*im  ftre  v«ry  mn«!!.  m»  i»  »Ikiwii  by  conipariMin  with  Fig.  4^,  which  Lb  drawn  uYider  a  inii^tulication  only 
hmttrnM  Cfv«t.  For  ttir  tncwt  p«rt  the  bacilli  lie  upon  the  pu»  corputide;  m  a  dintjiiiee  fmin  ihla  can  l^e 
m^^n  m  <^4&itt  c»f  four  batnlU. 

Fio.  44— MojiaX'Axskfklo'b  DiMX>iiAriLLü».  Ma^ified  480X1.  In  the  fx»a«uiaic><l  jsecfHJoQ 
ll«9  au  rf»ithelial  c«*ll  And  tbe  nurli'i  itf  two  pu»  corpuf-rje«.    Tbe  bacilli  «re  lo»e  i^tid  thjck  and  are 

»rlml  rither  in  pair^  or  in  fairly-  lonn;  chain». 


|>*.  ;tItw  i;-piofacicns,  or  the  pneumobacilluei.  To  the  fact  that  the  flora  of  the  diseased 
r  I  is  s*>  manifold  must  be  aildtn:!   the  further  fart  that  the  bacterial  finding 

a! ,.      pTcally  with  the  time  and  place.     fPVir  example,  the  Koch- Wct4s  bacillus  is 

frr«|iiriit  in  New  S'ork  ami  apparently  much  lei^s  so  in  Chicago,  where,  on  the  other  hand, 
till?  MorsLX-Axcnfeld  bacillus  appears  to  be  common. — DJ  Monnjver,  even  the  nomial 
CDnjunctival  sac  not  infrequently  contains  pathogenic  germs  (page  IJl), 

While  the  infection  which,  in  all  iirobabihty,  excites  the  catarrh  of  the  conjunctiva 
I  to  the  latter  from  without  in  mu.st  cases^  tliere  arr  ulso^inatanrnsin  which  u  uoi- 

■'  Z3T 


loa. 


maaau^  yqgdple  cirrulatiimJiLjJic  blood  causes  tfic  c(»njtjnrt^^in|fMmrrmTüTJjy  ^^^^ 
m  ih^^Sn^TIeToniunctival  cataTTh"Tvtiicbaccopi|Kimea  measles,  iitnl  }ri<lc-ed  uUef] 
for«!^ 

tu  a  higli  tlr^ree  «]e|>cr»aent  upn7i  atmosphenc  influences  is  that  form  of  acute 
eoaiuiiclivitja  which  accompanies  fuiy  ßrvr^  This  aflertioti,  which  is  pretty  frequent 
m  certain  countries,  attacks  individuals  who  are  prcdinpoHwl  to  it  in  the  beginning  of 
the  «nmmer.  and  makes  it.self  apparent  by  fever  and  also  by  violent  catarrhal  inflain* 
matioti  of  the  conjunctiva  and  of  the  air  passages. 

This  b  probably  the  result  of  the  direct  action  of  a  fioisonous  »ubstancc  which  m 
toritmin€^\  in  the  fx»llen  graitiH  of  many  grnminea».  For  this  reason  a  hay  fever  anti- 
toua  hoa  been  prepared  (pollaDiin  by  Dunbar»  gr amino]   by   Weiehardt),  which    if 


|/)V  Uvv^-^wW^-^      u^ic.41^    CT  <^irv 


wt  /y- 
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Introduced  into  the  conjunctival  sac,  either  in  the  form  of  powder  or  in  sohition,  all«»- 
viates  the  discomfort.  At  the  same  time  the  hypersemia  of  the  conjunctiva  can  be  com- 
bated with  cocaine  and  adrenaline. 

From  the  clinical  picture  of  acute  conjunctival  catarrh,  as  sketched  above,  we 
sometimes  find  variations  forming  what  are  described  as  special  varieties  of  catarrh. 
Among  these  variations  belongs  the  development  of  so-called  follicles,  which  will  be 
described  more  precisely  in  §  10.  Another  variety  of  catarrh  is  vegtctd^r^ianrh,  in 
which  the  conjunctiva  of  ^^e  tarsus  is  cyy^^  with-nmnerQua  ipinutfteEvftt[m5«  look- 
ing as  if  fine  stüSTTadbee^lSuerecrovera  moist  glass  plate  (Arlt):  according  to 
Mayweg  what  we  liave  io  a^wmniei^^veiywnainonicies.  A  third  variety  of  catarrh 
is  that  to  which  is  given  the  name  of  the  yustvlar  form.  In  this,  flat  elevations  develop 
upon  the  conjunctiva  bulbi,  mostly  near  t^e  margin  of  the  cornea.  These  break  down 
into  pus  on  their  surface,  and  in  this  way  are  formed  grayish  or  yellowish  ulcers  with 
somewhat  elevated  base  and  of  the  size  of  a  millet  seed  or  more.  These  have  a  great 
resemblance  to  the  efiiorescences  occurring  in  conjunctivitis  eczematosa  (§  17).  The 
distinction  between  the  pustular  form  of  catarrh  and  conjunctivitis  eczematosa  consists 
in  the  fact  that  in  the  former  the  phenomena  of  catarrhal  inflammation  are  present 
in  the  conjunctiva  of  the  lids  and  of  the  retrotarsal  fold,  while  in  conjunctivitis  eczema- 
tosa these  divisions  of  the  conjunctiva  take  little  or  no  part  in  the  inflammation.  Many 
regard  this  form  as  a  mixture  of  conjunctivitis  catarrhalis  and  conjunctivitis  eczematosa. 
And,  as  a  matter  of  fact,  we  must  take  this  view  into  consideration  in  our  treatment 
inasmuch  as  in  the  beginning  of  the  disease  the  application  of  the  silver  solution 
ordinarily  proves  to  be  the  best  thing,  but  later,  after  the  more  violent  inflammatory 
phenomena  have  run  their  course,  calomel  is  of  the  most  service. 

The  three  varieties  of  catarrh  just  named  are  seen  chiefly  in  children  or  in  adoles- 
cents. iQ^gdults,  on  the  contrary,  we  encounter  much  more  frequently  the  cresoentic 
ulcers  of  the  cornea  which  result  from  catarrh,  oUl  Whitbh  are  rareiy  oRS^fVed  m  ckiioren. 
,  -  Several  cfS^ÄÄttc  ulcers  may  be  present  in  the  same  eye  at  different  parts  of  the  cir- 
Mi^iunference  of  the  cornea;   nay,  more,  by  their  confluence  an  annular  ulcer  may  be 

.  fnrmftd   com^j^t^ly  Annirnlinir  thA  nnrj|AR      in  rn«  inrr/^r  o,^  fM  nWWHikr  ^nanity  j^^>^ 

^  ^s  lgftjiag^_great^re8emblance  to  the  arcus  senilis  (p<j)rneffi  (page  jl6^.    in  cases  where 
sucinRHBSiSjIaRlcSHBffTJBHSfPS^^  result  of  a  permanent 

ectasia  of  the  cornea  has  been  observed.  For  by  a  stretching  of  the  floor  of  the  ulcer 
the  base  of  the  cornea  at  the  point  where  the  ulcer  is  situated  is  pushed  forward,  and 
the  whole  cornea  assumes  an  oblique  position.  If  the  ulcer  completely  surroimds  the 
cornea,  the  latter  may  give  way  before  the  intra-ocular  pressure  and  move  forward  en 
masse.  In  this  case  the  region  of  the  cornea  inclosed  by  the  annular  ulcer  lies  like  a 
watch  glass  on  top  of  the  marginal  portions  of  the  cornea  (keratectasia  ex  ulcere,  §  48). 
Nitrate  of  silver,  our  most  important  remedy  in  catarrh,  was  first  employed  for 
inflammations  of  the  conjunctiva  by  St.  Yves  in  the  eighteenth  century,  although 
it  was  in  the  last  century  that  it  first  found  general  acceptation.  People  had  a  natural 
dread  of  instilling  so  irritating  a  liquid  as  a  nitrate-of-silver  solution  into  a  violently 
inflammed  eye.  In  fact,  in  a  perfectly  sound  eye  this  solution  excites  violent  irritation 
of  the  conjunctiva,  and  it  is  quite  possible  to  produce  an  artificial  catarrh  by  too  fre- 
quent application  of  it.  How  then  does  it  happen  that  the  nitrate-of-silver  solution 
has  such  a  beneficent  action  in  conjunctival  catarrh?  The  delicate  bluish-white  pellicle 
which  covers  the  conjunctiva  directly  after  the  application  is  due  to  coagulation  of  the 
albumin  of  the  cells  in  the  upper  layers  of  the  epithehum  by  the  nitrate  of  silver,  so 
that  these  layers  become  opaque  and  die.  The  escharotic  process  acts  like  an  irritant 
which  increases  the  existing  hyperemia.  This  not  only  gives  rise  to  an  increase  of  the 
annoyance  suffered  (exacerbation),  but  also  induces  a  transudation  under  the  eschar, 
so  that  the  latter  is  loosened  and  finally  cast  off.  But  when  this  takes  place  the  micro- 
organisms contained  in  the  upper  layers  of  the  epithelium  are  thrown  off  with  the 
eschar  and  so  eliminated  from  the  eye. 

The  silver  solution  finds  an  extensive  application  not  only  in  catarrh,  but  also  in 
other  affections  of  the  conjunctiva.  In  regard  to  it  the  following  hints  may  be  laid  to 
heart :    (a)  Many  physicians  apply  weaker  or  stronger  solutions  according  to  the  effect 
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vhieh  is  Id  be  obtained,  but  we  can  always  succeed  with  a  2-per-cont  solution,  since  we 
Imiiw  It  in  our  power  to  repilate  the  cfTcct  by  making  a  hght  or  a  penetrating  apphcalion. 
(A  l-per-oent  solution  in  nunsl  ca^es  seems  suffieienily  effective. — D]  llie  applica* 
tioo  18  inade  with  ti  fine  brush,  and  it  is  obvious  that  we  must  avoid  irt^jiting  difFenent 
pibklMiU  wilh  the  same  brash  le^t  we  tranf*mit  diseiise*?  (especially  traclioma)  from  one 
to  the  other  Each  patient  must  have  his  own  brush.  In  chnics  for  greater  safety, 
ttotl  alfli»  because  of  the  smaller  cont ,  we  use  »livers  of  wood  \\ound  at  one  end  with  cotton 
which  ftcting  like  a  Vjrush  takes  up  the  silver  .solution.  The  sliver  is  thrown  away, 
a(irr  U'ing  used  once.  (6)  The  applkation  should  nor  Iw  twkdf^  nt  nipht  because  the 
^.  rrtjon,  which  m  poured  out  t n ore  a h unda n t ly  a f ( e r  the  application,  woulfl  be  retained 

<■  ciiinjunctival  sac  by  the  closure  of  the  lids  in  sleep.  For  the  same  reason  the  ew 
J  '  not  to  be  bandaged  immediately  afler  the  application,  (r)  Cbrneal  ulcers  do  not 
ci>u- 1  it  iit<^  a  eont  ramd  "at  ion  for  making  the  application:  on  the  (^onTrary,  tKey  furnish 
a  dimt  in^Jitatjon  for  it,  In  case  tliey  prove  to  tje  c(j.tarrhal  ulcers.  Only  still  greater 
care  thmi  would  otherwise  be  necessary  must  be  taken  to  prevent  the  caustic  from  com- 
itig  into  contact  with  the  cormui.  (//)  If  the  treatment  of  the  conjunctiva  with  the 
wJver  M4 »bit ion  is  kept  up  too  long  (for  some  tnonths  or  a  year)^  there  is  produced  little 
by  little  a  dirty-gray  (adoration  of  the  conjunctiva,  which  never  afterward  disappears. 
Th»  phenomenon,  called  anfi/ntKis  or  artiYria.'^  is  cau^'d_t>v  the  fart  timt  silver  is  de- < 
f^^*>^^^HmihAfnrT^^  f^lt"'  '^'jljij  -^^]''"m|'mte  in  the  tLssueh  öTTlic  <otijmt<  t'va  {in  llfl 
eiaj^ni^^Sr^'^tTcan  never  uftervvanl  l»e  removeu."  Argyrosis  is  prwhiccfl  even  more 
«diJ^oy^he  conETanT f 1 1*1 1 II I II I U fffflrTW^WTPsoht t io n  thati  by  the  ;ipplication  of 
tlie  brush,  since  in  the  former  case  the  excess  of  the  solution  is  not  removed  by  being 
.  off,  but  remains  in  the  conjunctival  sac.     This  ci>lo ration  of  the  conjunctiva 

►  ohicrved  when  the  conjunctiva  is  constantly  expased  to  tlie  action  of  silver  Just, 
m  occuf«,  for  example,  in  many  of  those  who  work  in  silver. 

Ile>cently  in  caües  in  which  silver  nitrate  is  indicated,  there  have  l:>een  used  in  plac!e 
of  tT  nryjnnic  frili^rr  compoundn  like  albargin,  argentamine,  argonin,  argjTol,  ichthargan, 
1  n,  sophol,  and  tachiol     These,  l>ecausc   they  contain  a  smaller  amount  of 

£1  itver,  attack  the  tissues  less  and  therefore  are  less  irritant.     But  they  have 

*Wi  a  in^rrespondingly  feebler  action.  A  disadvantage  is  their  higher  price  and  their 
greater  tendency  to  decompose.  Of  these  compountis  protargol  is  the  most  in  use, 
and  of  tliij  a  10-per-eent  solution  is  about  eciuivalent  in  action  to  a  2-per-cent  solu- 
tion of  nitrate  of  silver.  The  organic  silver  salts  like  the  nitrate  may  cause  argyrosis  if 
tiiinr  use  is  kept  up  too  long  I  for  two  or  three  weeks. 

Argyrol  and  protargol  have  found  a  wide  acceptance  in  this  country.  The  former 
tsflntd  to  haii*e  no  bactericidal  action,  yet  clinically  it  hiLS  provcfl  it.s  efficiency,  particu- 
larly when  tiacd  frequently  and  in  strong  solutions.  *Some  have  thought  that  the  bcHt 
MilU  art*  secured  by  keeping  the  conjunctiva  (continually  floodeil  with  the  solution 
0]iiliirinsion  method — Bnuisj,  The  surgetm  may  apply  it  in  25-  or  even  5<>-[jer-(H'nt 
JDlutKiris.  the  patient  in  10-  or  15-per-cent  strength.  It  has  been  employed  a,s  an  anti- 
.atptic  before  and  after  operations.  It  has  a  distinctly  sedative  eflfcct  on  the  conjunctiva, 
tlibnftog  irritation  in  acute  Conjunctivitis. 

Protargol  is  more  irritating  than  argyrol,  but  not  greatly  so,  even  in  20-per-ceiit 
iohliion.  It  is  riistinctly  baeteririilal,  and  from  clinical  tests  appearjj  t^  be  as  efficient 
■B  nitrate  of  silver  (except  in  gonorrhci'a)  and  more  efficient  than  argjToh  The  sfurgeon 
QMyri4>ply  it  in  1Ü-  to  20-per-(»<'nt,  the  patient  in  ö-j^c*r-cent  st)lulion. 

■One  of  the  gre^t  advantage«  of  l^»oth  argyrol  and  protargol  over  silver  nitrate  is 
liiat^  being  non-irritating,  they  can  \h}  applied  at  any  stage  of  a  conjunctival  inllamma- 
tion — for  example,  before  supparalion  has  set  in — and  that  their  administration  can  be 
largely  intrusted  to  the  patient  himself.  Another  advantage  over  silver  nitrate  and 
also  over  indifferent  detergent  wolutions  is  that  both  argjTol  and  protargol  penetrate 
into  all  the  recesses  of  the  conjunctival  sac,  lodge  in  them  a  long  time  {»a  as  to  produce 
a  continuouH  action),  and  aa  tliey  gradually  exude  drive  before  them  the  secretion  with 
ttjf  contained  bacteria. — D.] 


'  Frum  mpyvpnt  silver. 
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conjunctiva 


q/  kaii  is  ais<j  cniploveilp  partly  ha  an  a^^trin^eiit.  partly  aa  a  Hiikl  cauj^ic.  and'eilESr 
under  Ü16  föPhi  ol  a '[Solution  to  lie  appnei!  on  i'onipr^8Öes.  by  i  nsl  iJia  t  i  oniT,  and  by  nne&iifl 


conjunctival  catarrh, 
of  teai' 
under 

of  the  brush,  or  under  the  fonn  of  an  ointment .  As  long  im  t  he  cornea  is  perfectly  norntal 
this  remedy  is  without  ill  elfect;  but  as  soon  a.s  a  iosw  of  tjiiljstance  (ulcer)  orrxirs  in  tJie 
cornea,  there  is  fonned,  if  tlie  use  of  the  remedy  is  caiUini^d.  an  inten8(^ly  white,  very 
djj^figurin^  or^^cily  af^the  siie~o[  tJie  ulcer  Thit>  icfut  Litcru^tutwu.  oä,  it  U  caileS.  la  _ 
caased  by  the  inipregnaih>n~f>T  tlic  tinsuea  of  the  cornea  wirli  the  lead  salt,  and  can  B 
l>e  removed  from  the  cornea  witli  difficulty  or  not  at  all.  For  this  reason  it  is  beet  to  H 
employ  the  lead  acetate  as  little  as  fxj«.sible  in  the  treatment  of  »conjunctival  dbeaaes;  ■ 
the  tiiore  sr>,  because  a  sufficiency  of  other  remedies  is  ai  our  command,  with  wiiich  we  ■ 
can  accomplish  the  same  result«  witlioul  danger. 

Banfiqgimj  the  eye  in  eatanji,  a^  in  all  disettse^s  of  tlie  eve  accompanied  witt^prtK 
fuse  secretion,  k  to  tieävoideJ  as  mucli  a?3  ijo-istf^le,  since  by  it  the  free  exjt  of  the  öecre- 
tion  IB  oDät  rue  ted. 


(b)  Conjunctinäis  Catarrhalis  Chronica. 

9^  Symptoms. ^ — In  chronic  conjunctival  catarrh  the  changes  objec^ 
tively  perceptible  are  on  the  whole  but  sUghtly  pronoujieed.  A  mod- 
erate degree  of  redness  of  the  conjunctiva  is  present  either  over  the 
tarsus  alone  or  in  the  retrotarsa!  fold  also.  The  eonjunctiva  is  soiooth 
and  not  svvoüen;  it  is  only  in  old  cases  that  Inpertrnithv  with  t}iick- 
enm^  and  a  velvet v  appearance  of  the  cotijuttctivu  is  lievelnped.  The 
secreLion  is  scanty  and  niakes  itself  cliielR^  apparent  by  a  gluing,  t^ 
get  her  of  ijie  lids  in^Jie  tnorninjy.  The  whitisli  scum  often  found  at 
the  angles  of  the  hds  is  produced  by  the  lachrymal  fluid  being  beaten 
up  with  the  secretion  of  the  Meibomian  glands  into  a  sort  of  a  foamy 
emulsion,  as  a  result  of  the  frequent  blinking  of  the  lids.  The  con- 
stant moistening  of  the  skin  at  this  spot  often  leads  to  the  formation 
of  excoriations.  In  nniny  raises  the  secretion,  instead  of  being  increased, 
seems  even  to  be  diminished.  In  view  of  the  fact  that  there  is  little 
or  no  increase  in  the  secretion,  several  authors  call  many  of  these  cases 
not  by  the  name  of  chronic  catarrh,  but  by  that  of  hyper semia  of  the 
conjunctiva. 

In  proportion  to  the  insignificance  of  the  objective  symptoms,  the 
greater  is  the  attention  that  has  to  he  paid  to  the  complaints  made  by 
the  patient — in  fact,  the  subjective  symptoms  are  generally  so  charac- 
teristic that  the  diagnosis  of  chronic  conjunctival  catarrh  can  easily  be 
made  from  them  alone.  The  discomfort  of  the  patient  is  usually  greatest 
at  night.  The  heaviness  of  the  lids,  scarcely  noticeal:de  in  the  daytime, 
be c o mes  a t  njj; h t  s o  m a r k t^tj  t li a t  the  patient  has  difficulty  in  keep- 
ing the  eye^  open:  he  ft  as  The  feeling  of  being  sleepy.  An  anno  vi  qg 
sensation  of  there  being  a  foreign  body— like  a  speck  of  dust — in  the 
eye,  is~prodücea  by  the  scanty  secretion  which  remains  in  the  con- 
junctival sac  in  the  form  of  mucous  filaments,  and  if  these  filaments 
lie  u:^on  the  copi^^t  the  sight  is  interfered  with,  or  rninbow  colors  make 
their  appearance  about  a  candle  ftaine  when  looked  at,  Further  un- 
pleasant sensations  of  various   kinds  are  descnoed,  as,  for  example, 
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that  the  eyes  burn  and  it<'h;  that  they  are  dazzled  by  the  light:  that, 
nHjretiver,  they  are  tired'  out  quickly  by  working;  that  they  blink 
often,  etc.  In  the  morning  the  lids  are  somewhat  stuck  together,  or 
a  httle  yellowish  dried  secretion  h  found  to  have  collected  in  thi^  inner 
angle  of  the  eye.  In  other  cases  there  is  an  annoying  seiLsation  of  dry* 
nciss,  and  the  eyes  can  l>e  opened  only  with  difficulty,  the  patient,  at 
the  &ame  time,  having  the  feeling  as  if  the  lids  were  stuck  to  the  eye- 
hall  because  of  the  lack  of  moisture  {caiarrhus  siecus).  These  troubles, 
irious  in  their  nature,  do  not  always  by  any  meaiL^  bear  any  defi- 
1  relalion  to  the  objective  conditiom*.  We  see  the  conjunctiva  quite 
intensely  reddened  in  many  people  without  their  complaining  in  the  .  -  ^1 
least :  w  hile  in  othens>  wjio  do  nothing;  but  annoy  the  physician  with  JA  ll^* 
their  exprt -■-l<ifis  uf  discrmüort,  thirc  are  often  scarcely  a n\'  changes  * 
nercf^Dtible  in  the  conjunctiva. 

Caiirse, — Chronic  conjunctival  catarrh  is  one  of  the  most  frequent 
of  ocular  diseases,  chiefly  affecting  adujts,  and  especially  personssome- 
what  advanced  in  age.  In  olcir~pcople  it  is  almost  the  rule  to^ncFa 
ligUl  SrAbe  OT  cnronTc  conjunctival  catarrh,  which  is  denominated  senile 
catarrh.  The  duratjon  of  conjunctival  catarrh  is  orciinarilx^t  long  one; 
many  people  sulTer  trom  it  for  a  great  part  of  their  lives.  The  disease 
ran  lead  to  comidwaUoii^'i  which  in  part  produce  irreparable  changes. 
Imnngthf*  most  frequent  cuinnlicatioiLs  is  inflammation  of  the  edges 
H*  luis  nHepharitis),  resulting  from  the  frecjuent  wetting  of  the 
tbral  margins  IVy  the  copiously  secreted  tears.  As  a  further  con- 
^aenre  of  this  wetting  with  the  tears,  the  skin  of  the  lower  lid  is  at- 
irked  with  eczema  or  becomes  rigid  and  cnntrjicjed.  so  that  the  free 
Ige  of  the  lid  is  no  longer  inperfect  apposition  with  the  eyeball,  -\s  a 
It  of  this  the  punctum  lacrimale  no  longer  dips  into  the  lacus  lae- 
lis,  so  that  the  transportation  of  the  tears  into  the  lachrymal  sac  is 
led»  the  epiphora  increa^sed.  and  thus  again  a  still  further  injuri- 
Paction  upon  the  character  of  the  skin  is  produced.  In  this  way 
here  is  formed  a  vicious  circle,  which  leads  to  a  constantly  increasing 
epre^ion  of  the  lower  lid  (ectroQiyp^.  This  outcome  is  still  further 
inioted  by  the  circumstance  that  the  patient  keeps  wiping  away  tHe'  f 
'  i?ig  tears,  and  thus  makes  with  the  handkerchief  stroking  move-  •  »i 
irmi  above  downw^ard,  by  wliich  the  lower  lid  is  drawn  down,  yp  ^ 
the  contraction  of  the  skin  of  the  lids  which  have  been  moistened  by^JiiJ*^ 
taani  ia  more  pronounced  in  the  horizontal  direction,  blepharophi-  »^^^^ 

fai  developed   (%   113),     Lastly,  small  ulcerations  of  the  cornea 
among  the  frequent   products  of  catarrh. 

EtialoKy. — The    causes    which   lie   at    the    foundation   of    chronic 

itarrh  are— 1.  A  preceding  acute  catarrh»  which,  instead  of  healing 

Knpletely,  passes  into  the  chronic  stage.     2.  General  injurious  influ- 

ices  of  varioui^  kinds.    Chief  among  these  is  bad  air,  vitiated  by  smoke, 

heat,  the  presence  of  many  people,  etc.     Workers  in  factories 

ere  there  is  a  great  deal  of  dust,  w^aiters  in  inns  that  are  filled  with 
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smoke,  etc.,  very  frequently  suffer  from  chronic  conjunctival  catarrh. 
Going  late  to  bed,  staying  awake  at  night,  and  the  immoderate  use  of 
alcoholic  beveragfes  are  additional  predisposing  factors.  Persons  who 
already  suffer  from  chronic  conjunctival  catarrh  find  that  the  latter  is 
made  considerably  worse  after  the  action  of  any  injurious  influence  of 
this  sort — for  example,  after  an  evening  spent  at  the  theater  or  in  a  smoky 
place.  So  also  the  constant  action  of  wind  and  bad  weather  frequently 
causes  catarrh  in  farmers,  coachmen,  etc.  For  the  same  reason,  too, 
eyes  which  are  very  prominent  (goggle  eyes),  or  whose  lids  are  retracted 
(lagophthalmus),  are  attacked  by  catarrh,  because  they  are  too  Uttle 
protected  against  the  air.  The  effect  which  constant  contact  with  the 
\i.  air  exerts  upon  the  conjunctiva  is  best  shown  in  ectropion,  in  which 
the  conjunctiva  tarsi,  where  it  lies  bare,  becomes  very  much  reddened 
and  thickened,  and  velvety  or  even  covered  with  large  prominences. 
The  conjunctiva  bears  continued  exclusion  from  the  air  as  little  as  it 
does  constant  contact  with  it,  on  which  account  chronic  catarrh  sets 
in  when  bandaging  of  the  eye  is  kept  up  for  a  long  time.  3.  Exces- 
sive straining  of  the  eyes,  especially  in  hypermetropic  or  astigmatic 
persons  can  result  in  chronic  catarrh.  4.  Local  injurious  influences. 
Here  belongs  irritation  of  the  conjunctiva  by  foreign  bodies  lodging  in 
the  conjunctival  sac,  among  which,  using  the  term  foreign  bodies  in  the 
wider  sense  of  the  word,  are  to  be  reckoned  cilia  which  are  turned  in 
toward  the  eye.  In  most  cases  the  local  injurious  influence  consists 
of  some  other  disease  of  the  eye,  that  induces  catarrh  as  a  sequela, 
as,  for  example,  blepharitis  or  infarction  of  the  Meibomian  glands. 
Accumulation  of  the  tears,  as  a  result  of  disease  of  the  tear  sac,  or 
because  the  punctum  lacrimale  does  not  dip  properly  into  the  lacus 
lacrimalis,  is  a  frequent  cause  of  catarrh,  so  thaLJKfi^allQUld  never  forget 
to  look  for  ayi  affpotio^  o^  t.hft  tear  Dassftgpi^  in  ^^nilal^eral  cRfarrh.  Wp 
say  unilateral,  for  catarrh  produced  by  local  causes  is  distinguished 
from  that  due  to  general  injurious  influences  in  this  respect,  that  the 
former  is  very  frequently  unilateral,  while  in  the  latter,  from  the  nature 
^of  the  case,  both  eyes  are  generally  affected. 
I"%  In  mftT^Y  ^y^^  ^^  fihrnnif!  PRtgrrh  there  is  found  in  the  scanty  secre- 
pjS  tion  as  the  exciting  cause  of  the  inflammation  the  diplobacillus  of  Morax- 
^'  Axenfeld,  which  on  page  131  was  noted  as  the  cause  of  acute  conjuncti- 
^^^'  vitis,  but  which  much  more  often  causes  a  catarrh  which  is  chronic  from 
the  start.     These  cases  are  often  distinguished  by  a  marked  yednesq  of 


tivitiji.     The  symptoms   are   persistent  itching  and  burning  and  some- 


fhft  skir^  at  the  angles  of  the  eye  [whence  the  name  of  angular  conjunc- 
tiyiim,     xhe  symptoms   are   p 
limes  an  obstinate  asthenopia]. 

Therapy. — It  is  clear  that  the  treatment  must  first  of  all  pay  regard 
to  the  causal  factor  by  regulating  in  a  suitable  way,  as  far  as  is  com- 
patible with  the  patient's  calling,  the  general  conditions  under  which 
lie  lives,  and  by  removing  all  local  causes  of  catarrh  that  may  be 
present,  etc.     For  the  treatment  of  the  conjunctiva  itself  we  first  employ, 
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in  acut^  catarrh,  the  nitrate  of  silver,  wludi  is  applietl  by 
(he  brush  in  1-  or  2-pf»r-cent  solution.  We  make  use  of  it  in  those 
only  ill  which  the  catarrh  is  accompanietl  liy  rathtT  abundant 
ii«netioii  and  by  relaxation  of  the  conjunctiva— that  i^?,  in  periods  of 
acute  exacerbation,  such  as  frequently  occur  in  the  course  of  every  chronic 
dlarrh — ^and  use  it,  furth(*rmore,  when  hypertrophy  of  the  conjunctiva 
haa  already  set  in.  Otherwise  we  succeed  better  with  astringent  collyria, 
wUch  the  patient  can  instill  himself.  The  most  usually  employed  of 
tiime  is  aiuc  sulphate,  which  is  instilled  in  H-per-cent  solution  onci^  or 
twici*  a  day,  and  is  especially  indicated  in  cases  of  diplohacillus  conjunc- 
tivitis. In  the  chronic  catarrh  of  eklerly  people  with  marked  reddening  of 
the  ct»njiuictiva  but  no  secretion,  the  most  suitable  rem<*dy  is  the  collyr- 
ium  a»tnnje;ens  luteum**,  which  is  not  ordinarily  prescribed  undiluted 
hut  mixe«!  with  an  ec^ual  quantity  of  wat*T.  Other  astringents  an^  lapis 
divinus'  (!  2  P**r  cent),  alum*  or  tannin  (l  per  cent),  boric  acid  (3  pvr  cent). 
The  order  in  which  these  collyria  are  here  arran^^rd  about  ct»rre- 
fids  to  their  gradation  in  activity  from  the  strongest  to  the  mildest. 
They  shouhi  be  instilled  once  or  twice  a  day»  but  not  ijt  niglit.  So  many 
of  iheni  are  enumerated,  because  it  is  grjod  to  have  a  pretty  large  number 
to  select  from,  since  as  the  catarrh  is  of  long  duration,  a  change  will  have 
to  W  made  pretty  often  in  tlie  rmipdies.  Every  remedy,  if  too  long  applied, 
loses  its  activity,  since  the  conjunctiva  grows  accustomeil  to  it.  For  the 
sticking  together  of  the  lids,  as  well  as  for  any  excoriations  that  may  be 
preiient,  an  ointment  of  lioric  acid  (2  per  cent)  or  of  white  precipitate  (J^ 
U>  1  per  cent)  may  be  rubbed  upon  the  closed  lids  at  bedtime. 


(c)  Conjunctivitis  FoIIicidaris, 

10.  Follicular  catarrh  is  characterized  by  the  presence  of  follicles, 
Tli«*st'  are  small  round  granules  of  about  the  size  of  a  pin's  head  winch 
ii'  in  the  n*gii>n  of  transition  of  the  conjunctiva.  They  are  of  a  pale, 
imnslucent  aspc^ct  and  puff  up  the  conjunctiva  in  the  form  of  small 
eminences.  Either  a  few  follicles  only  or  many  are  present;  in  the 
latter  ea^e  they  are  ordinarily  arrangexl  in  rows  likn  the  lw»ads  of  a  rosary» 
The  upptT  retrotarsal  fold  usually  contains  fewer  follicles  than  tht^  lower. 

> ,  ii^at  prewnt  no  Imijper  onidui  in  iiioM  «-ountriiAM, 
I  Ij*  rcplac«d  by  no  oiVupf.     AecuMing  lu  ihe  new 
\  »llctwinic  way  ; 

i!iiri(->^  ami  Jtinc  KNiilphatf^  12.^  n«tj*it{rururiu'H^  «Ijji.nolve  in 

t  ion  of   4Ü  iTf'fitiKrttriinifn  f»f  ciitnpimr  in  2<J  (^'uniiiKr^  cif 

Digv.Ht  for  twenty-rour  lu>ui>  Uiih  fnM^aeoi  agilaLioo, 

r  UTtingfT  in  ucliun  is  ihe  tincturn  opii  crorata.  dihit^dt  with  nn  (>quiil  tiniotint  of  waitr 
[Thr  tioctum  opii  cromt»  ui  ü  mjIuMoh  of  opium  mad  ««ffron,  nbout  ^  per  ceni  eacb«  in 
D  I 
ft»'»  tyn  wtttvr«  w^ith  Lsi  ul»o  frequcnil^*  employed  m  chroeie  ophtlijümic  cuiArrh» 

irr  ,,f  juiun,  futii«  tili    nuA  Hli'  lltta  fopoiculli. 

udeby  fuiunc  tocetHcr        :  r h  uf  coppi*r  «ulpluitet 

f  ure  of  2  purl«  «?ach  of  ■  ,1  alum, — D,] 

'<--rm.  siT*  a  !*hafpt*netl  r»  ,  *t\ek)  with  wbieh  lli^ 

sprinkled  in  Mn«'  p'iw<lcr  with  a  bruith  upon 

■  rool  It^ad-wiitiT  roiiipreaa«*«  are  ewrvi citable. 

»n  i>i  lcn*l  acetate];  of  thi«  20  iti  :iQ  dropn 

ujikll  irlu-H  I  I  <r»i,j  V  .    nth  tbi*  mixture  are  »pplied  tothe^'loa«! 


300  «r  J 


pol«*>^ 


I  for  W  lo  15  tuinuiee  twu  ur  tLi 
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Microscopic  examination  shows  that  the  follicles,  as  well  as  the  so-called 
trachoma  granules,  consist  of  a  circumscribed  accumulation  of  adenoid 
tissue  (Fig.  48  D,  T). 

Follicles  are  most  frequently  observed  in  youth,  and  especially  in  day 
schools,  boarding  schools,  etc.  In  many  school  children  the  disease  exists 
in  a  perfectly  latent  form,  as,  in  spite  of  there  being  a  considerable 
number  of  follicles,  the  conjunctiva  is  not  reddened  and  causes  no  symp- 
toms of  any  kind,  so  that  the  trouble  is  discovered  only  by  medical  exami- 
nation.    In  such  cases  the  follicles  often  persist  for  years. 

In  other  cases  the  disease  has  an  acute  character;  a  conjunctivitis 
sets  in  with  the  symptoms  and  disagreeable  accoijapaniments  of  a  vio- 
lent catarrhal  ophthalmia  and  with  the  simultaneous  development  of 
numerous  follicles.  This  acute  form  often  occurs  epidemically  and  is 
more  obstinate  than  a  catarrhal  ophthalmia  that  is  not  complicated 
with  follicles.  On  the  other  hand,  the  follicles  do  not  last  as  long  as  in 
the  chronic  form,  but  soon  disappear  when  the  conjunctivitis  abates. 
Intermediate  between  the  very  chronic  and  the  acute  form  are  the 
particularly  numerous  cases  in  which  the  presence  of  follicles  is  com- 
bined with  slight  irritation  of  the  conjunctiva  and  with  correspondingly 
mild  symptoms  such  as  obtain  in  a  chronic  conjunctival  catarrh. 

The  treatment  of  follicular  catarrh  is  directed  mainly  at  the  accom- 
panying inflammatory  symptoms  on  the  part  of  the  conjunctiva.  If 
these  are  altogether  absent,  no  treatment  at  all  is  needed,  as  ultimately 
the  follicles  disappear  of  themselves,  leaving  no  trace  of  their  presence. 
If  there  are  very  many  follicles  present,  we  had  best  order  the  inunction 
of  lead  ointment  (lead  acetate  0.1  gm.  to  5.0  gm.  of  fatty  matter)  into 
the  conjunctival  sac.  In  doing  this  it  must  not  be  forgotten  that  the 
presence  of  corneal  ulcers  contraindicates  most  absolutely  the  use  of 
the  lead  ointment.  [Ointment  of  copper  sulphate  (1-1,000)  may  also  be 
used. — D.]  If  the  presence  of  follicles  is  associated  with  inflammatory 
changes  in  the  conjunctiva,  the  latter  are  to  be  treated  according  to  the 
principles  laid  down  for  catarrhal  conjunctivitis — that  is,  by  the  applicar 
tion  of  a  2-per-cent  nitrate  of  silver  [or  a  10-  to  25-per-cent  solution  of 
protargol  or  argyrol]  if  the  inflammation  is  an  active  one,  and  in  the  milder 
cases  by  the  instillation  of  a  solution  of  zinc  sulphate  (3^  per  cent).  As 
in  catarrh  of  all  kinds,  so  particularly  in  follicular  catarrh,  living  in  fresh, 
pure  air  is  to  be  enjoined. 

The  prognosis  of  follicular  catarrh  is  altogether  good,  as  the  dis- 
ease leads  to  no  complications  and  leaves  no  permanent  changes  in  the 
eye  whatever;  in  this  being  opposed  to  trachoma,  to  which  follicular  catarrh 
has  some  resemblance  (see  page  170). 

The  fact  that  follicles  may  at  one  time  be  associated  with  intense  inflammation  of 
the  conjunctiva  and  at  another  time  may  not  cause  the  slightest  evidences  of  irritation 
is  probably  to  be  explained  as  follows:  The  follicles  are  a  circumscribed  new  fonnation 
of  lymphoid  tissue,  this  new  formation  being  the  way  in  which  the  oonjunetiva  reacts 
to  certain  irritants.     Lymph  follicles  occur  in  many  mucous  membraiiee,  and  even  in 
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ivft  they  are  normtiUy  present  in  many  of  our  domestic  animat«,  thuugli 
HOC  in  aiftii.  The  injurioua  in^uence  which  inducer  the  formation  uf  fuUieles  in  num  is 
sot  ntincMi Hilly  of  a  bacterial  nature«  for  in  muny  nien  we  ^ee  a  conjunct iviij  caturrh 
irilh  mmieroufi  foUicled  develop  after  the  tontiuued  inist illation  of  an  atropine  solution 
•f\-»r>  wWn  it  hsM  been  CÄrefuily  sterilized  (atropine  catarrh ).  In  the  chronic  eases  of 
ttarrh  the  irritation  probably  originates  in  the  impure  air  of  the  school  room 
kf  injurious  influencps  and  cauises  simply  a  grudual  development  of  follicles, 
i  jy  inflammatory  changes  in  the  cotijuncf iva.     In  that  case,  to  be  sure,  the 

[  ...  .i  ,  ,1  Lhey  are  numerous,  may  in  their  turn  mduce  slight  evidence»  of  irritation 
in  tljr  ronjunctivii.  In  the  c^ses  of  at-ute  follicular  catarrh  however,  tliere  is  prubably 
*  Viaoienal  infect ion^  such  as  would  under  other  conditions  «imply  cause  a  catarrlial 
i^Umia  but  the  imtAtioQ  in  ibb  case  produces  in  addition  a  rapid  development 
u:  luUicle». 

IL  Conjunctivitis  Gonorrhoica. 

11.  Conjunctiintis  goTiorrhoica  also  called  acute  blennoiThoea**  is  an 

acute  inflaintuatiou  of  the  conjunctiva,  whicli  orii^inatoä  in  contapon 

from  p?onorrha*al  virus,  and  whose  copious  purulent  secretion  in  like- 

wiise   contagious  in  its  action.    The 

carriers  of  the  contagion  are  micro« 

organisms,    namely,    the    gonococei 

discovered    by    Neisser,     They    bear 

ikv»  name  because  they  alsn   occur 

JH  the  secretion  of  gonorrha*a.     The 

gonococei  are  found  both  in  the  pus 

*ecrcted  by  the  conjunctiva  and  also 

in  the  most  superficial  layers  of  the 

conjunctiva  itself.     They  are  mostly 

arninge^l  in  pairs,  as  diplocoeci,  and 

H8  a  rule  lie  together  in  heaps.    Fig.  45 

-^    a  i*peciruen    taken    fro  to    the 

rion  of  gonorrhcrai  conjunctivitis. 

In  it  are  seen  the  heaps  of  gonücoeei, 

partly  free  (a)»  partly  upon  and  within 

the  celb,  which  are  either  pus  cells  (b)  or  cast-oiT  epithelial  cells  (c). 

Gonorrhoea!  conjunctivitis  occurs  both  in  adults  ami  in  new-born 
mfAnts.  The  following  description  refers  to  the  disease  in  mlultsj  the 
disease  as  it  occurs  in  the  new-born  will  be  treated  of  under  the  head  ol 
ophthahnia  neonat oruoi : 

Symptoins  and  Course,— When  infection  has  taken  place,  the 
(lisi^a£:«e  breaks  out  after  a  certain  period  of  incubation,  the  duration  of 
which  varies  according  to  the  intensity  of  the  contagious  action  from 
m  few  hours  up  to  three  days.  The  lids  grow  red,  become  hot»  and  are 
swollen  with  a*dema,  generally  to  such  an  extent  that  the  patient  can 
fM>  longer  open  them,  and  even  the  physician  often  has  troul>le  in  separat- 
ing them  far  enough  from  each  other  to  bring  the  cornea  into  view. 


Fio.  45. — ötrwuTiON  or  Actrns  Blenmor- 

UnOLA  WITH  GONOCOCCI. 


1 


■  From  0A«VMi,  mucrti«*  *Jid  pf«it,  1  flow. 


li 
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,  The  conjunctiva  of  the  lids  and  of  the  retrotarsal  fold  is  intensely  red- 
'  dened  and  greatly  swollen.  The  swelling  is  produced  by  an  abundant 
cellular  infiltration  of  the  conjunctiva,  which  is  consequently  tense, 
and  has  a  granular,  uneven  surface.  This  feature  of  acute  blennorrhoea 
serves  to  distinguish  it  from  catarrh,  in  which  even  in  the  severe  cases 
the  swelling  is  rather  of  a  serous  nature,  and  hence  the  conjunctiva  is 
yielding  and  has  a  smooth  surface.  The  conjunctiva  of  the  eyeball 
shows  a  like  tense  swelling,  which  stops  short  at  the  corneal  margin^ 
so  that  a  raised  wall  is  thus  formed  about  the  more  deeply  placed  cornea 
(Chemosis).  The  secretion  produced  by  the  conjunctiva  is  like  meat 
juice — that  is,  it  is  a  serum  which  is  colored  red  by  admixture  with 
blood,  and  in  which  float  some  flakes  of  pus.  The  eye  is  uncommonly 
sensitive  to  contact,  the  lymphatic  gland  in  front  of  the  ear  is  swollen, 
the  patient  has  slight  fever. 

Ordinarily  it  takes  from  two  to  three  days  for  the  disease  to  mount 
from  its  initial  point  to  the  pitch  just  described,  and  at  this  pitch  it  is 
maintained  for  two  or  three  days  more.  This  period  is  designated  as 
the  first  stage,  or  stage  of  infiltration.  Succeeding  this  as  a  second  stage 
is  that  of  pyorrhoea.  The  swelling  of  the  lids  gradually  diminishes,  a 
fact  which  we  recognize  principally  by  means  of  the  return  of  the  small 
wrinkles  of  the  skin  of  the  lids,  and  the  tense  infiltration  of  the  con- 
junctiva slowly  retrogrades.  Simultaneously  with  this  there  begins 
a  very  profuse  secretion  of  pus,  which  trickles  out  continually  from 
the  palpebral  fissure;  hence  the  name  pyorrhoea,  or  flow  of  pus.  In 
the  further  course  of  the  disease  the  conjunctiva  keeps  getting  less  and 
less  swollen  all  the  time,  and  in  many  cases  returns  by  degrees  to  the 
normal  within  four  or  six  weeks.  In  most  cases,  however,  a  condition 
of  chronic  inflammation  of  the  conjunctiva  remains,  which  is  designated 
as  the  third  stage  of  the  disease,  the  stage  of  chronic  blennorrhoea.  In 
this  period  the  lids  are  no  longer  swollen.  The  conjunctiva  is  reddened 
and  thickened,  especially  upon  the  tarsus,  where  its  surface  looks  un- 
even, granular,  or  velvety.  The  retrotarsal  fold  forms  an  ungainly 
swelling;  the  conjunctiva  of  the  eyeball,  which  shows  hyperemia  only, 
is  the  least  changed.  After  this  state  of  conjunctival  hypertrophy  has 
abated,  a  process  which  usually  takes  months  for  its  accomplishment, 
there  usually  remain  slight,  but  permanent  cicatrices  of  the  conjunctiva. 
The  description  here  given  corresponds  to  the  cases  of  most  frequent 
occurrence,  which  are  those  of  medium  intensity.  In  addition,  both 
light  and  also  very  severe  cases  of  the  disease  come  under  observation 
which  exhibit  rather  different  features.  In  the  light  cases,  which  we 
are  accustomed  to  call  subacute  blennorrhoea^  all  the  inflammatory 
changes  are  less,  and  the  changes  are  limited  chiefly  to  the  conjunctiva 
of  the  lids.  Frequently  such  cases  are  not  to  be  distinguished  with 
certainty  by  their  external  aspect  from  severe  catarrh.  The  diagnosis 
ran  be  rendered  certain  by  the  microscopic  examination  of  the  secre- 
tion, since  by  it  the  presence  or  absence  of  gonococci  is  demonstrated. 
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In  tbe  severest  cases,  the  infiltration  of  the  conjunctiva  is  8o  great 
that  tbm  latter  in  places  appears  no  loDger  red,  but  grayish-yellow,  be- 
eaUBd,  B6  in  diphtheria  of  the  conjunctiva,  the  vessels  are  compressed 
by  the  bulky  exudation,  and  the  conjunctiva  is  thus  rendered  anBemic. 
The  ecmjunctiva  forms  about  the  cornea  a  tense  grayish-red  wall  Quite 
ofteii  the  surface  of  the  conjunctiva  is  found  to  be  covered  with  a  clotted 
exudate,  or  croupous  membrane. 

The  nuKst  dreaded  L'o nip] i cat  ion  of  acute  blennorrh(pa  is  the  involve- 
of  iht  cornta,  by  whicn,  ifl'TTuHiy 't'U!Jt^!J,  ffi^^üranio  Dlinflne.s.s  is  pro- 


MBSST^i^i  nrsl  the  cornea  becomes  dull  upon  its  surface  and  covered 
with  a  slight  diffused  opacity.  Then  circumscribed  infiltrations  of 
gmjifth  color  make  their  appearance,  which  soon  become  yellow  and 
brMk  down  into  ulcers.  These  infiltrations  may  be  situated  at_the  i 
roannn  of  the  cornea,  and  give  riise, to  .speed v  uerf^^nnir^n  nf  tj^^  hitter 
Thii  1^  a  comparatively  favorable  result,  as,  after  the  perforation  has 
tskeii  place,  the  purulent  infiltration  of  the  corne^not  rarely  is  IM\lgEt 
to  a  gtandstill,  and  so  a  portion  of  the  cornea  is  preserved.  Jiut  it  can 
abo  Kappeif  that  the  marginal  infiltrations  become  rapidly  confluent, 
and  unite  into  a  yellow  rin^  surrounding  the  entire  cornea  (a  so-called 
amiular  abscess).  In  that  event  the  cornea  is  lost,  for  this  ring  soon 
apraads  over  the  entire  cornea  and  destroys  it.  In  other  cases  the 
purulent  disinteg:ration  occurs  first  in  the  middle  of  the  cornea.  When, 
m  one  wa}*  or  another,  the  cornea  has  gone  either  entirely  or  in  part  to 
destruction*  the  outcome  is  either  a  formation  of  cicatrices  with  incar- 
oenttion  of  the  iris,  or  it  may  even  be  a  panophthalmitis.  Since  these 
sequela'  are  observed  after  every  destruction  of  the  cornea,  even  when 
due  to  other  causes,  they  will  find  detailed  description  under  the  diseases 
of  the  come«. 

Involvpmpn^  ftf  ^h<^i  ^^^»^a  is  the  more  certain  to  take  place,  the 

ferer  The  conjunctivitis,  and,  in  particular,  the  more  pronrmnced  the 
ticipation  of  the  conjunctiva   buibi   in   the  inflam m utjAni .     Ir^the 

tf#*ff*Kt  raafts  with  fcnj^c  cficmosis  thf  cr>rnpii  is  always  affected,  and^s, 

III  \^h  cases  of  moderate 


a'~generalthTnJ^irret  r  r  e  vaniy'^TeSffffTOr* 


aeverity,  when  the  chemntic  swelhnp  of  the  conjunctiva  is  less  pro- 
need  and  especially  is  less  hard,  it  is  usually  possible  to  preserve  the 
I,  either  entirely  or  in  great  part,  inasmuch  as  the  ulcers  that  de- 
Tdop,  even  if  they  are  attended  with  perforation,  are  of  but  small  size. 
In  the  lightest  casei?,  where  the  process  is  h'mited  to  the  palpebral  con- 
junctiva, there  is,  on  the  w^hole.  little  danger  to  the  cornea. 

The  severer  the  course  of  the  inflammation,  the  earlier  the  involve- 
ment of  the  cornea  sets  in:  in  violent  cases,  the  cornea  is  already 
douded  by  the  second  or  third  day.  Sometimes  corneal  ulcers  are 
pot  developed  until  late  in  the  disea.se,  wTif^n  ihp^^'onrriii^nvifi^s. 
alrejiO^wel^Qn  thP  t-^^i-^^^ifjp  p«|^  These  late  affections  of  the 
eomea  are  not  very  dangerous,  and  it  is  generally  possible  to  check 
them  readily. 
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The  prognosis  of  the  disease  results  from  what'  has  been  said,  it 
being  essentially  founded  upon  the  condition  of  the  cornea.  This  is 
dependent  upon  the  intensity  of  the  inflammation  of  the  conjunc- 
tiva bulbi,  in  accordance  with  which,  therefore,  the  prognosis  must 
be  made. 

Etiology. — Acute  blennorrhoea  is  produced  simply  and  solely  by 
infection.  The  poison  can  be  introduced  into  the  eye  from  the  genitals 
directly,  generally  because  an  individual  (whether  man  or  woman) 
affected  with  gonorrhoea  touches  the  eyes  with  unclean  fingers  after 
these  have  been  in  contact  with  the  genitals.  The  infection,  however, 
can  also  come  from  an  eye  affected  with  blennorrhcea.  If,  for  instance, 
one  eye  is  already  diseased  and  is  affected  with  profuse  suppuration, 
W^  the  other  eye  also  can  be  infected  by  a  transfer  of  the  secretion  to  it. 
*  ^  An  individual  with  an  eye  diseased  with  blennorrhoea  can  infect  the 
persons  who  are  nursing  him  or  any  others  who  may  share  his  room. 

Therapy. — By  proper  prophylaxis  infection  by  acute  blennorrhoea 
can  be  prevented,  a  matter  to  be  so  much  the  more  borne  in  mind  be- 
cause, when  the  disease  has  once  broken  out,  an  unfortunate  result  can 
not  always  be  averted.  It  is  the  physician's  duty  to  call  the  attention 
of  every  man  with  gonorrhoea,  and  also  of  every  woman  with  a  vaginal 
discharge,  to  the  danger  of  infecting  the  eyes,  and  to  urge  upon  them 
strenuously  the  requisite  cleanliness.  If  an  eye  is  already  attacked 
with  acute  blennorrhoea,  care  must  be  taken  to  keep  the  other  eye 
from  being  infected  by  it  and  also  to  keep  the  disease  from  being  trans- 
ferred to  persons  in  the  vicinity.  The  protection  of  the  second  eye 
which  has  not  as  yet  been  involved  in  the  disease  is  best  effected  by  a 
bandage  which  is  applied  in  the  following  manner:  The  palpebral 
fissure  is  first  closed  by  means  of  some  narrow  strips  of  sticking  plaster 
applied  in  a  vertical  direction.  Then  the  hollow  about  the  eye  is  filled 
up  with  cotton,  and  the  whole  is  covered  by  a  strip  of  plaster  (zinc 
adhesive  plaster,  zinc  mull,  etc.)  which  is  cut  to  the  proper  shape  and 
is  carefully  attached  all  round  the  margins  of  the^^bit^  In  order  to 
secure  it  better,  the  edges  of  the  flap  and  the  adjacent  skin  may  further 
be  coated  with  collodion.  [It  is  well  to  have  the  dressing  include  a 
transparent  covering  (watch  crystal,  Buller's  shield)  hermetically  fast- 
ened over  the  eye.  The  eye  can  then  be  inspected  without  removing 
the  dressing. — D.]  To  prevent  the  spread  of  the  disease  to  those  in  the 
neighborhood  of  the  patient,  the  greatest  cleanliness  must  be  incul- 
cated both  upon  him  and  upon  the  persons  attending  to  him;  they  must 
always  cleanse  the  hands  after  touching  the  affected  eye,  and  must 
remove,  or,  best  of  all,  burn,  all  materials  that  have  been  used  for  cleans- 
ing the  eye  (pieces  of  linen,  cotton,  etc.). 

Tlu*  treatment  of  the  disease  itself  consists  primarily  in  careful,  re- 
TH*at<'<i  (!leanHing  of  the  eye  from  its  profuse  secretion  (by  night  as  well  as 
dfiV^^    *  hiH  is  clone  with  a  we^  Iv'^ffjtflTIIl  flfll^lfllMtLjlfltf^^^ 

/.  r  r.^/^^     ^j^j^   which   the   conjunctival   sac   is  washed  out 
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lliorougbly  three  or  four  timeg  a  day  (KaJt),  The  irrigator  used  for  this 
purpose  hftd  be^t  have  a  flatteüed  spuut  äo  as  to  be  introduced  readily 
between  the  lids  and  eyeball.  Between  each  irrigation  the  eye  i^  cieanfeed 
aflriduou^iy  wi^t  cotton  pledgets  moi^;t e neai^ffi^^iTS?^ü!GjEB!^^he 
fids  beiit]^  üräwT^fffin^^pSftwffen  this  is  done. 

If  the  gn^at  swelling  of  the  lids  does  not  permit  the  palpebral  fissure 
to  bc^properly  opened,  and  thus  makes  cleansing  inipos^ible.  the  palpe- 
bfml  fastire  must  be  fully  widened  Jj^j^^jj^^injionjiij^^^ 
at  The  extero!r?nKleoiHi?Tf3sT€atithöp^^^^  see  §  169).  This  section 
hn»  I  lie  lurtner  GeneRffilT^BecTno^lmiims^^  the  pressure  which  the 
much-6 wollen  lids  exert  upon  the  eyeball. 

In  the  first  stage  of  the  disease  we  combat  the  inflamniaiion  by 
iced  compressies  [applied  continuously  or  at  short  intervals  according 
la  ihe  eifecl^flfy  produce  on  the  swelling  of  the  lids.— DJ,  and  also  by 

'trpl'f'ution  of  leeches  (six  to  ten  bi  imm^jgjLLto  the  temjYle.     In  the 

:    :     :  nge"  I  >^u^hl  ng  theTonmincm^wi  t  h  nit  rat  o  t  >f  si  1  ver  h  the  best 
ir  making  the  swellm^oT^aeconjinicti^iam^he  profuse 

lion  rapidly  disappear.  The  application  of  the  brush  must  not» 
how*»\^r^  l>e  hcLMiü^miul  tiiejtciise  swelling  of  th^^conjunctiva  has  gi ven 
pla^^e  Tn  a  MifL^^^jjiixllkiiL-mflji^H^  ther^shQUlJn^f?^^ 
membranous  deposit,  or  any  grayish  TnHltratäil^aüQt^jjiiiJSII^'üJi- 
iunetiva^  i'he  application  should  be  ömilewiUi_aJi^-jQej:^^ 
but  quite  freely,  and  must  W  ryiM^ated^Hvic^a  day  as  long  as  tTj^Sr'- 
fufie  secretion^  ig  still  present.  Tlie'*pr^enc^^FuTcenrT>f  the  cornea 
ftsiuabee  no  con^aimUcanon  to  the  use  of  nitrate  of  silver. 

As  soon  as,  in  the  third  steige,  the  inOammatory  symptoms  and  the 
secretion  also  have  nearly  disappeared  and  the  thickening  of  the  con- 
junctiva is  the  only  thing  f  hnt  Ktill  ren^fiins  f o  be  removed,  wy  exchange 
the  .suver  solution  lor  cooper  sulphate.  Tins  is  applied  by  whittlmg  a 
tal  of  the  substance  do^n  to  a  smooth,  rounded  extremity  (copper 
cil  or  bluestone)  and  stroking  with  it  once  or  more  the  ctmjunctiva 
of  the  everted  lids.  Then  the  lachrymal  fluid,  which  is  tiiigrd  lihip  liv 
the  ropjK^r  salt  dissolved  ipJl ,  is  dippe(l  up^  from  the  conjunctiva  wit  h 
a  pledget  orcotton:  otherwise  the  pretfv  concentrated  cooner  .sj^JyTion 
would  come  into  contact  with  the  cornea  and  irritate  it  «^rea 1 1 y ,  T he  a p- 
ptication  o/  the  ]>luestone  is  much  more  painful  than  tliat  of  the  silver 
soltttiofip  but  acts  more  energetically,  and  hence  we  get  quicker  results 
vnth  it;  but  this  treatjpent  if  permissible  only  if  the  corpea  is^ either 
Quite  **ound  (;!•  lui^uTcerOLlieadvjiLl'rof'ess  of  cicatrization,  and  not  if 
ihe  re^are  fresh  uh^eratT>as  of  f  hi:  cornea,  which  are  sTIll  coatec^viniDus. 

The  treatment  of  compUcations  involving  the  cornea  is  conducted 
aceording  to  the  rules  (JjJ  34,  36)  for  purulent  keratitis.  In  very  severe 
eastt  all  treatment  proveö  powerless  to  preserve  the  cornea»  so  that 
our  efforts  must  he  confined  to  the  prevention  of  the  more  remote  evil 
eoosequences  of  destruction  of  the  cornea,  like  panophthalmitis  or  the 
formation  of  staphyloma,  and  to  the  securing  of  a  flat  cicatrix. 
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It  is  now  establwlied  beyond  doubt  thut  aruie  bletinorrhf^a  vs  developed  by  the 
dircrt  traasfor  of  vinilent  pus  to  the  conjunctiva.  The  earlier  view,  which  explained 
the  connection  lietween  gonorrhcea  and  ophthaknia  by  lookinf^  upon  the  latter  as  a 
sort  of  metastasi»  of  gomTrrha»a,  has  now  no  longer  any  adherents.  Nevertheless,  thgre 
are  really  vn-r^es  in  which  a  conjunctival  hiflamijirttion  of  a  sli^i^hter  kind  ia  connected 
with  a  grn)'irrhtt>:i  in  tke  way  of  mr/*/.^^rs-iV  ju^t  as  art  itritis  and  iriT:i.s  t>c>n]etnnt>s'^m- 
Dlic;iXfMjj^>aiiiTlaL':i.  iJiis  iiietiu^tatic  mode  of  origin  la  to  1>p  understood  by  supp*3(^ing 
that  tlie  ißfoTKtrrliiüal  (xiii^on  haa  got  into  the  circulation,  and  is  exciting  inf!aiiiination 
in  remote  organs  which  have  a  predt.siK>Hition  for  this  poison.  A  conjunctivitis  origjnflt- 
ing  in  this  way  .showw  tlie  charartcniof  a  severe  catarrhal  Conjunctivitis,  with  a  flull 
injection  of  me  ■eyPBJTFT  liKe  tri  at  which  occurs  in  i^cleniis.  im  !he  other  hand, 
there  in  nn  infil^mtion  of  the  coniiinr'j^\"a.  auch  as  oecurs  in  acute  blennorrhcea,  and 
the  t^ecretion  aino  in  i\ot:  so  proiUHC  nor  1^  ouirrK'^  ui^ruli*ni  a^  in  acute  bli*nnorrhcea.  As 
a  rule^^QtH>('Qcci  iifCTSntf^j^^ni  in  tne  aecj^et,ion.     The  metastatic  coniunctivitis  itself 

^ a  rapid  course  and  Icu\ch  no  «equelii*,  But  iti  the  majority  of  fuu?e^  it  is  complicated 

by  other  gonürrh<\al  nietiista^cs,  namely,  joinl-inlhinirnationg  and  iritis.  As  a  goiiof^ 
rhcea  of  I  lie  urethra  can  by  met  as  t  asLs  excite  a  conjunctivdis,  so  aiso  co  n  ve  rs(^  ly  cagei 
have  been  observed  in  which  u  ly^onorrhtcal  arthritis^  where  gonococci  have  been  demon- 
stratefj  tc^xi^^n  tlie  |>uh,  KfS^SWn'y^ySytriiwiaataai^  fnuif  ^^^  of  the 

conjunct  iva.  tmiea  of  tlw  sort  Tia\'e  been  known  both  in  adults  and  in  new-DornTclul- 
drciffiHWled  with  blennorrhu^a  (Deutiichmann  and  othersj. 

[Metiustatic  gonotrha-al  conjunctivitis,  according  to  Byers,  is  more  frequent  than 
is  generall_v  .sui>poHed,  and  is  sometimt^  the  t^ole  expression  of  a  systemic  gonorrhcpa. 
It  is  probably  due  rather  to  the  gonococci  thcmselvea  than  to  tlieir  free  toxins.  Thefl 
Bymptoms  are  those  of  an  acute  bilateral  catarrhal  conjuncti\itis;  the  discharge  is  slight  V 
and  mucoid.  The  conjunctivitis  lasts  1  to  7  (usually  2)  weeks,  and  relapses  may  occur. 
It  m  frcf|uently  cointilieatcti  by  a  keratitis,  usually  bilateral  and  symmetrical,  with  mul- 
tiple  auperficial  infiltrates,  or  by  irido-cyclitis,— D.l 

The  secretion  containing  gonococci  is  usually  brought  into  the  eye  by  means  of 
dirty  finger».     »Sometimes,  however,  a  direet  tranj^fer  from  the  disease«!  mucous  mera-j 
hrane  to  the  »otmd  one  is  observed;   for  example,  when  a  drop  of  secretion  spurts  into  I 
the  eye  r^f  the  physician  or  the  attendant  while  cleansing  genitals  that  are  affet^ted  witl^j 
gonorrhoea,  or  even  when  cleansing  tlie  eye  of  a  f>atient  affocled  with  bletinorrhcea. 
For  this  reason  the  old  method  of  cleansing  blennorrlnpal  eye^  by  means  of  a  glasa] 
syringe  ha.^  lieen  given  up  in  moat  ophthalmic  clinii^s,  a,s  it  endangers  both  the  eye  of  I 
the  patient  and  the  eyes  of  the  corps  of  attendants.     Furthermore,  in  the  treatment] 
of  such  patients,  physicians  atid  tittemlants  ought  always  1o  u»e  protective 
(large,  colorless  coqihlle  glasses).     If,  in  spite  of  this,  any  secretion  does  spurt  into  the  I 
eye,  the  latter  nutst  immediately  be  very  thoroughly  washed  out;    then  a  couple  of  1 
drops  of   2-per-cent    nit raie-of -silver   solution    instiüed,  and    suliseipjcntly  for   some 
hours  cold  compresses  placed  ujKin  the  eye. 

1  have  repeatedly  seen  cases  in  which  a  patient,  becaiLse  of  a  iTiild  conjunctival  I 
catarrh,  washed  his  eyes  in  liis  own  urine  (a  pijpular  remedy  among  the  laity  in  many  I 
places);  as  he  had  gonorrht:pa,  he  thtis  got  a  gonorrha^al  con)unctivitis.  (tonorrhrpai  ( 
conjunctivitis  has  also  l>ecn  seen  to  original^?*  from  the  use  of  another  household  remedy  i 
— that  is,  from  the  practice  of  laying  up^n  I  lie  eye  a  piece  of  placenta,  which  in  this^ 
case  came  from  a  Moman  affected  wit!i  gonorrhipa. 

If  one  eye  h  already  infected^  the  transfer  to  the  other  is  often  brought  about  by 
secretion  of  the  diseased  eye  flowing  over  the  bridge  of  t  he  nose  into  the  sound  eye  during 
sleep.  Furthermore,  tlie  secretion  can  l>e  transferred  from  the  eye  affected  with  l>len- 
norrhoea  to  the  sound  one  by  the  finger,  the  water  used  for  washing,  tlie  sponge,  the 
handkerchief,  etc.  For  these  reasons  tlie^^mmA^j^j^iJjyyJJ^||J|mi^^  If  there  is 
ground  for  susf>ecting  that  infection  has  alnnittytuken  plfcI\wi^iiTrcndettvor  to  pre^ 
..^»^J^^.^  ....fi.n^oi-  ,^f  ^[^^t^^.x^o  hy  insliUinL^  u  2-per-c(Mii  |^ ^ ^] | ^ t i rm  qL ^ ni träte  oT^il ve r 
before  applying  tlie  bantSge.  In  order  J nal  t lie  pat lem  may  see  witli  the  !>an|Jäged 
eye,  we  c.'tn  insert  a  watch  glass  in  an  aperture  which  ^e  inake  in  the  middl"  the 
iMmdage  [see  page  142]. 


I 
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r  blennorrhcpa  from  an  eye  affected  willj  the  latter  to  the  eye:?  of 
k'ise  not  rare.    It  occurs  most  fre(|Uently  in  children  who  are  affected 
V  'iiilnna  neonatorum  (J   12),  and  thus  infect   their  mothers,  nurses,  etc.     In 

ti  i  Foundhng  .\sylum,  during  the  ye^rs  181*2  and  1813,  there  were,  for  every 

liimdred  infätitA  afTected  with  blennorrhcra,  more  than  fifteen  muses  *o  affected,  who 
bad  tnught  their  eye  disease  from  the  infants.  I  have  seen  a  wfiole  family  infected  with 
blntni irrbcBa  by  a  child  ha\nng  blennorrhrea  neonatorum,  and  tliu^  phmged  in  the  gr^ai- 
flii  mi«  ^\^  f.reiit  caution  on  our  own  part,  therefore,  and,  what  is  more  important, 
«ftrrfi  uin  of  tlie  laity  are  here  imperatively  required. 

Vs  I  lies  also  oliserve  muje  punderti  ro^tjui^tivitis^in  mnn}}  mrlji  nf  »Ko  ^gt» 

of  ttro^to  icri  years,  who  ni  f]|^v  s;tnif>  i  ii»r^  uje  tmuhlcd  with  a  VJffjfii^i  cii>.t'lij|rrti-  f  \rlt\ 
Iltii  ÄH^TP^ffi!^!cahng  witli  conliigii,>n  from  a  virulent  vaginal  ciitiinli  *  i Ir  is  the 
vugttml  iljftcharge  of  ibme  girls  a  betiigu  catarrh  caused  l)y  Bcrofula^  ana'uiia,  and  the 
Ukc?  In  9ome  of  theae  cases  it  has  been  possible  to  prove  the  origin  of  the  vai^inäJ 
lilrtuiorrh^c^.  The  children  have  ac<iuired  the  latter  from  their  muthers  or  from  other 
vomm  about  tlieni,  who  were  suffering  from  virulent  vaginal  catarrh,  and  had  trans- 
mit t4*d  the  latter  by  soiled  clotlies,  sponges,  bathe,  etc,  to  the  children  (Hirnchlierg), 
In  other  cases,  the  children  had  Viecn  raped  by  individuals  afTected  with  gonorrhcea. 
HmPtf  ihrrefore,  we  are  dealing  with  a  pure  vaginal  gonorrhtea  in  the  children,  and, 
aorardiRgly,  it  is  p*:»ssible  in  sucli  cases,  too,  to  demonstrate  the  presence  of  the  gono- 
€OPnm  bath  in  the  secretion  of  the  vagina  and  in  the  conjunctiva  as  well  (Widmark). 
But  H  would  be  going  much  too  far  to  regard  tlie  vaginal  discharge  in  little  girls  as 
true  gunorrhcea  in  all  cases  in  which  infection  of  the  conjunctiva  residts  from  the  dis- 
charge. Mere,  just  as  in  the  case  of  ophthalmia  neonatorum,  a  non-vinilent,  simple 
cfttAfThal  secretion  of  the  vagina  is  in  position  to  excite  an  inflammation  of  (he  con- 
Joacttva,  which  in  thU  instance  runs  a  less  severe  course.  Ihe  distinct ii»n  from  a  true 
tiJMiiiniilKii»  could  he  tnade  in  this  caae  only  by  the  microscopical  examination  of  the 
aeertlktfi  for  grmiM^occi. 

The  interesting  researches  of  Piringer  have  instructed  us  in  regard  to  the  relation 
teuren  ike  inlrrtivr  matrriii!  ami  the  ophthaimui  jirotlured  by  it,  as  he  has  made  a  great 
Bttinltfir  of  intentional  transfers  of  vims  (generally  in  the  eyes  of  people  already  l)hnd, 
vho  were  p«iid  for  the  experiment).  He  found  that  the  more  violent  tlie  blennorrhani 
llkmt  «ttrvw  as  the  source  of  the  material  inocuhited^tlie  slmrter  is  the  period  «f  incidiation. 
The  itilertive  power  of  the  secretion  is  weakened  by  various  influences,  as  by  dihuion 
Wtlii  water — ^by  dilution  to  the  1 -tenth  strength  any  secretion  can  Ik3  rendered  inert  — 
or  by  drying.  Secretion  that  has  l>een  dried  upon  a  piece  of  linen  loses  its  activity  after 
thiTty-«ix  hours.  Preserve«J  like  vaccine,  it  remains  infective  for  sixty  hours.  In  pro- 
portion BM  the  virulence  of  the  infecting  secretion  is  weakened,  the  period  of  inrubaiion 
tikenitte»  in  length  and  the  inflammation  excited  becomes  iiulder.  The  «lifferences  that 
we  obBcrve  in  the  grades?  *^f  gonorrhceal  conjunctivitis  can  therefore  be  referred  to  the 
fari  that  the  source  of  infection  supplies  secretion  t»f  dilTercnt  ^legrces  of  virulence, 
and  till»  virulence  is,  moreover,  still  further  modified  by  the  immediate  eireumstances 
aitcndiiiig  the  process  of  infection.  * 

That  the  Uinphatic  gland  in  front  of  the  ear  should  swell  up  in  acute  blennorrhoea 
m  m  fact  Oiat  accords  with  the  virtdent  character  of  the  latter;  sometimes  even  suppura- 


tioo  of  this  gland  has  been  observed  (bubo  nrtcai^j-j^ularisL 


I  so  often  complicates  ll^e  blennorrhoea, 
w  la  !■(*  referred  t4)  m  feet  ion  of  tl»c  cornea  by  the  secretion  which  constantly  fiathed 
Uw  lalt^^  and  macerate«  its  epithebiun.  Since  tbc  seen  Hon  collects  chietly  n^  ihe 
j«tij»f  lyimf  :it  [tio  fitp  of  the  cornej|^^|ctU't^'n  |he  lafff*PffiBrTjjcrsTje|i^^j^ 

I         '-'    •  ■■-' ■"  I .  '^^_'      tllMM^rug|^l^^||^mj^2jlJ|^u^  *  he 

nonmnctiva  is  to  U.'  regarded  as  a 
'1  hJK  leatjg^  to  *^^o^^^^^<^ 
TcrtereswTniTT 
Icncv,  the^mf>rc  pronnu 


L  ntr  m  tlie  pn nine ( \>) 1 1  of  vanm 


iWltttMiptin^pHlfintg'?^**'^*! 


LUible. 
and 


ol  the 


the  jniTrFtion 


ilElimiviikmmiiHi 


^^jy^^yjIlH^ind  tlius  iTit^ 

Lin  red  iiiul  tht' j^irc  tense  the  <  hemosis.  the  more 


imei  tluit,  in  cikses  where 
10 


jkniieipiited.     It  is  rn  fmTuHjnywTthTlus 
the  Chemosis  i8  unciiuMT^grcaT,  w^e  often  see  the  involvement 
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of  the  cornea  take  place  first  at  that  portion  of  the  corneal  rim  where  the  Chemosis  is 
the  greatest. 

Since  infection  of  the  cornea  is  certainly  very  greatly  favored  by  the  existence  of 
gaps  in  the  epithelium  of  the  latter,  we  must  avoid  injuring  the  epithelium  of  the  eye 
by  carelessness  in  cleansing. 

If  gonorrhoeal  conjunctivitis  happens  to  affect  an  eye  which  is  covered  with  pannus 

I  the  latter  will  afford  the  cornea  a  secure  protection  against  suppuration.  Nay,  more, 
it  is  often  apparent,  after  the  violence  of  the  inflammation  has  passed,  that  the  pannus 

I  has  cleared  up  considerably,  so  that  in  cases  of  old  pannus  inoculation  with  gonorrhoeal 
conjunctivitis  has  been  designedly  performed.  This  procedure  has  now  been  abandoned 
in  favor  of  the  treatment  with  jequirity. 

The  fact  that  acute  blennorrhoea  is  produced  by  micro-organisms  would  lead  us 
to  expect  that  disinfectant  substances  would  be  the  best  remedies  in  the  treatment  of  it. 
Nevertheless,  it  has  been  shown  that  nitrate  of  silver  far  surpasses  the  disinfectants 
proper  for  this  purpose.  It  is,  in  fact,  specially  poisonous  to  the  gonococcus,  and,  more- 
over, effects  its  removal  mechanically  by  reducing  to  an  eschar,  and  thus  leading  to 
the  exfoliation  of,  the  superficial  layers  of  epithelium  containing  this  microbe. 

tin  the  first  stage  of  the  disease  we  may  make  use  of  scarifications  of  the  chemotic 
conjunctiva  in  severe  cases. 


III.  Ophthalmia  Neonatorum. 

12.  We  designate  by  this  name  the  inflammations  of  the  conjunctiva 
occurring  in  the  new-bom.  They  do  not  constitute  an  etiological  unit, 
but  are  produced  by  a  variety  of  morbid  germs;  yet  on  practical  groimds 
it  is  advisable  to  retain  the  group-name  of  ophthalmia  (or  blennorrhoea) 
neonatonun. 

The  majority  of  cases,  and  particularly  almost  all  the  severe  cases, 
owe  their  origin  to  the  gonococcus,  and  hence  are  in  the  same  category 
as  the  gonorrhoeal  conjunctivitis  of  adults.  The  infection  that  gives 
rise  to  this  ophthalmia  neonatorum  gonorrhoica  occurs  as  a  rule  dur- 
ing parturition.  In  the  passage  of  the  child's  head  through  the  vagina, 
the  eyelids  are  covered  with  the  secretion  contained  in  the  latter,  and 
this  either  penetrates  immediately  into  the  conjunctival  sac  through 
the  palpebral  fissure,  or  does  so  as  soon  as  the  child  first  opens  his  eyes. 
^  Under  these  circumstances  the  disease  breaks  out  as  a  rule  on  the  sec- 
^  ond_Qr  third  (rarely  on  the  fourtlTor  tilth)  day  after  birth.  In  those 
jUß^SLses  inj^lm^  the  disease  makes  it  appearance  still  later  than  this, 
th§x«rfection  can  not  any  longer  be  referred  to  the  act  of  birth.  It 
las  then  been  brought  about  through  subsequent  infection  by  the 
vaginal  secretion  of  the  mother  (as  is  readily  possible,  particularly  if 
the  child  sleeps  in  bed  with  the  mother),  or  the  child  has  been  infected 
by  another  child,  as,  for  instance,  not  rarely  happened  in  former  times 
in  lying-in-establishments  and  foundling  asylums.    - 

coniuncti\dtis  of  adulta^-.£xcei>t  that  they  are  T5"^enerane888evere. 
For  even  when  tnere  are  great  sweiUngorTRI^lids  ana  v^r^  pfflTlise 
purulent  discharge,  the  part  wh^ch  the  bulbar  coniunctivaJ^es  inJ:he 
process  is  comparativelvi^mall.  and  we  rarelv  find  gre^t  Chemosis.    Hence 
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also  the  danger  of  suppuration  of  th<s  cornea  is  nnt  sn  grpiit.  ]^  rinps 
indeed  uccur.jincl  that  often  enough  100.  but  only  in  those  f  iuses  which 
an*  treated  i>aJly  or  not  at  all.  If  a  ca^e  corner  iniiler  treittnientHn^a- 
»oil-  tTkit  i>,  \vliile~tlie^<^nea  i.s  tstJll  intact — tlie  latter  ean  alniuHt  to 
certainty  be  tnaintained  in  a liealthy  ijhite.  The  pro^ noctis,  therefore^ 
be  Mated  as  corre^pondin^tcly  favorable. 

The  treatment  in  the  tirsjt  triage  consiyt^s  in  diligen^ rlwrnHTi^  of  the 
(«x*  page  112);  when  suppuration  commences  we  begin  with  the  appli- 
tion  of  a  2-per-eent  nitrate-of-silver  solution  to  the  conjunctiva.     In 
kj^s  with  profuse  secretion  thi^  must  be  done  twice  a  day.    The  applica^^ 
n  should  be  continued  until  the  cure  is  complete,  as  otherwise  the  proc- 
y  readily  recur  to  a  moderate  degree. 
Conjunctivitis  of  the  new-born  may  l>e  produced  by  other  morbid 
gprt^«i    than  Tiw   gonqfoceus   (i)neurnncofT-Ui^y    bacterium    coll.   etc.).  and  m  *  ^-^ 
<gpeciaU^v  by  the  same  micro-tjr^anism  tliat  is  found  in  trachoma  (page  AurP"* 
]M ) ,     In   these  cases,  too,  the  iiifectioii  generally  occurs  during  tiirt h ; 
the  inflammation  usually  breaks  out  r^ithiT  hiU^r  nm]  Tun<  r.  giiM^r 
rse  than  in  the  gonorrhceal  form.    It  presenis  the  symptoms  of  a  more 
or  less  miense  catarrhal  ophthahiiia.     But  since  gonorrhoea!  cases  are 
casionally  of  a  milder  character,  a  sure  distinction  between  the  gonor- 
i«eal   and  the  non-gonorrhoeal  forms  can  be  made  only  by  bacteriological 
lination  of  the  secretion.    The  treatment  in  an>^  event  is  the  same^ 
to  keep  the  eyes  clean  and  to  apply  the  silver  solution. 
In  the  conjunctivitis  of  the   new-!>om   prophylaxis  plays   a  still 
^ater  part  than  in  gonorrhcra!  conjunctivitis  of  adults.    There  is  per- 
i\)s  no  other  eye  disease  in  which  the  rigorous  carrying  out  of  prophy- 
tic    treatment    would    afford    more    gratifying  re.^ults    than    in    the 
irijunctivitis  of  the  new-born  which  miglit  by  means  of  it  be  made  to 
appear  almost  entirely*    Credo's  method  has  proved  the  best.    While 
first  bath  is  being  given  the  child*s  eyes  should  not  Ix?  wet  witlTthe 
ter  of  the  bath  but  should  be  cleaned  \\ith  extreme  care  with  pure 
ler  and  cotton.    Then  as  soon  as  the  child  has  been  put  on  the  dress- 
table  to  be  wrapped  up,  a  drop  of  a  2'per-cent  soluti^>n  of  nitrate 
silver  is  instilleil  into  eacli  eve.       .11       ^  .aJ^- "   ^^^^1^'M 

tf^^Mi^jhij^jj^Sij^jj^^^lgj^^  i"^  one  of  the  mcK^t  fret^ufnt  otdisease«;   hrltrt?  the  intro- 
dwrfioniif'  tlie  proph]d!inr'  trentmeTit   it   attacked  f mm  Ijo  1?0  ijcr  cf^riLjofLjchildryn 
>'axiiimJxUjg-ili  estahli'-linienti^.     Siru'O  children  nf  rTM^wIorTrnn^TvWHT^vc're 
Ti««itie  of  ini<tUutionsiIiu^m!?e  affected  with  gonorrha'a  often  wero  tirmight  under 
il  treatment  either  tc«  late  or  not  at  all,  many  of  them  went  Wind.     I^fore  the 
jirtion  of  ^>phylaxi.s.  ophthalmia  neonat omm  caused  more  than  a  tcatlr-üL^l 

,f   t>hndnP^. 
IlmtpröphylaxiF,  as  introduced  into  prartico  hy  CYcdA.  h  actually  efficJenl.  is   / 
fimvwi  by  the  following  data:    (Ycdj^yforriier|y  had  in  the  f  <;i]^jy  bymf-'^  A^jrinr»  ..»  #^ 


in  the 


nf  m  *^  per  cent  nf  cases  of  '^]fnT1^^''r]  ™"  ■^pnpjttnrpi^i  [n  tjie  whole  number 
fc.rtr   'AUf'v  tCintro^T^^nn  nf  his  nrcinhvL.cf  »■  mntl.ö.j  t]>c  numt>er  srink  to  0  j 
nt      orheT^^  liave  -similar  favorahle  result^  to  reconl     flenee,  the  endeavor 
'ade  to  ha%'e  this*  form  of  prophylaxis  carried  out  not  only  in  lyini^-in  entah- 
d  hy  physicians,  but  also  universally  by  mid-wives.    The  majority  of  prrg- 
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nant  women  have  catarrh  of  the  vagina  with  a  mucous  or  purulent  discharge.  In  the 
greater  portion  of  these  cases  we  have  to  do  with  a  benign  vaginal  catarrh,  in  a  smaller 
portion  with  a  virulent  catarrh  (gonorrhoea).  In  individual  cases  the  distinction  between 
benign  and  virulent  is  difficult  or  impossible,  for  which  reason  prophylactic  treatment 
ought  to  be  carried  out  in  all  cases.  Already  the  effect  of  such  prophylaxis  is  beginning 
to  make  itself  felt  in  civilized  countries.  In_22  German  asylums  for  the  blind  in  1876  i 
the  nunü^L-of-those  who  had  been  rendered  bImffTyT)pBtB3BiSy^88natcSiun^ 

an  avg5S3J|3|5SfrwG1^23SS^^ 

Credo's  prophylactic  treatment  acts  a^^^^rotScViClin^nnst  intection  during  par-  • 

turition  only.     Infection  can,  however,  take  place  even  earlier;    chijj 


JtnownJ^Cjjm^nJj^Jjp  worldjjJhi^Wennorrhoö^ 
tj^ith*tK^^^^2^^S^de8trweJPTR5^^  by  the 

^^aginarSecre!ion"or'Hil^norBer,  or  by  other  children,  other  measures  will  have  to  be 
adopted,  among  which  great  cleanliness  is  to  be  assigned  the  first  place.  In  foundling 
asylums,  infants  infected  with  blennorrhoea  should  be  isolated  from  the  rest,  as  other- 
wise infection  will  frequently  take  place.  In  the  Vienna  Foundling  Asylum,  during  the 
years  1854-'66,  no  less  than  fourteen  hundred  and  thirteen  children  were  first  attacked 
.»,  by  blennorrhcea  while  in  the  asylum,  and  hence  caught  the  infection  in  the  latter. 

[  In  ophthalmia  neonatorum,  as  in  purulent  conjunctivitis  in  general,  both  argyrol 
and  protargol  are  used  in  place  of  silver  nitrate,  and  with  satisfactory  results  if  applied 
sufficiently  often  and  in  sufficiently  strong  solution  (see  page  133). — D.] 

In  infants.atlfiiLihfiJsubsidence  ofjthe^acute  inflammation,  a  chronic  hypertrophy 
of  the^conjunctiva  (chronic_MenSgEoSn"cBy8!8prffKKinS§^^ 
On  theouiernand,  eveJnfueTa^ophthalmia^eonSIWWfn^^ 

condition  of  the  conjunctiva,  especially  of  the  retrotarsal  folds,  often  remains  for  life. 
Perhaps  too,  the  change  described  by  Schapringer  under  the  name  epUarsus  or  ''apron 
of  the  conjunctiva"  and  considered  by  him  to  be  congenital  should  in  many  cases  be 
attributed  to  a  cicatricial  formation  of  this  sort;  at  least  so  it  appeared  to  me  in  the 
cases  which  I  saw  myself.  This  formation  consists  in  a  fiat  fold  of  conjunctiva  which 
runs  down  from  the  convex  border  of  the  tarsus  over  the  conjunctiva  of  the  lid  and, 
growing  constantly  narrower,  finally  becomes  attached  again  to  the  conjunctiva  of 
the  lid  near  the  free  border  of  the  latter.  As  in  the  case  of  a  Pseudopterygium  (page  201) 
we  can  generally  pass  a  sound  between  the  fold  and  the  palpebral  conjunctiva. 

IV.  Conjunctivitis  Trachomatosa. 

13.  Trachoma,  like  acute  blennorrhoea,  is  an  inflammation  of  the 
conjunctiva,  which  originates  by  infection,  and  produces  an  infectious, 
purulent  secretion.  It  is  distinguished  from  acute  blennorrhoea  prin- 
cipally by  its  chronic  course,  in  which  is  developed  an  hypertrophy  of 
the  conjunctiva,  that  ftirms  the  most  characteristic  symptoms  of  tra- 
choma. From  the  roughness  of  the  conjunctiva,  caused  by  this  hyper- 
trophy, the  disease  has  in  fact  received  its  name.*® 

The  disease  almost  always  attacks  both  eyes.  Cases  exceptionally 
occur  in  which  the  disease,  even  alter  it  has  lasted  for  years,  remains 
confined  to  one  side,  which  means  that  either  on  account  of  the  patient's 
carefulness  or  for  unknown  reasons  the  transfer  from  the  eye  primarily 
affected  to  the  other  does  not  take  place. 

Symptoms. — The  patients  complain  of  sensitiveness  to  light,  of 
lachrymation,  and  of  sticking  together  of  the  lids;  pain  and  visual  dis- 
turbances are  also  often  present.     The  examination  of  the  eye  shows 

"  Trachoma  from  rpa^w«,  rough. 


DISEASES  OF  THE  CONJUNCTIVA. 


149 


tbait  the  latter  Ls  less  widely  opened,  jiartlv  bectiuse  of  photophobia« 
partly  because  the  heavy  upper  lid  hang.s  lower  «jij;)Yn.  After  everting 
the  ticIT,  we  see  the  conjuiiritni  ot  the  tai^^ua  and  nlso  that  **^  *^^*"  ^'A^l  ^^^ 
transition  reddened  and  thiekeiied;  its  surface  at  the  ^ame  time  has 
hftf^tTiPiinev?t^fH!p?!ir^^  The,se  chanijes  are  lo  be  reierrert 

to  an  hypertrophy  of  the  mucous  membrane,  whieh  oceurs  under  two 
different   forms. 

The  first  form  eonsists  in  the  develppment  of  th^_sn:j:alled_j2aj2Üt£e. 
These  arc  elevations  newly  formed  on  thl^:^urfa(■e  of  the  conjuiiutiva, 
which  consequently  appears  velvety,  or,  if  the  papillse  are  large,  ap- 


Fin*  40.— 'ÄrWMiATif  ßstTioN  TBiiocoH  THE  LiD»  AND  En:« ALL  {A,  13*  RecEn'.  B,  TN  Old* 

Thachoua  ), 

JH  tliO'Vir»  tlir  »fty  In  whirl»  ihr  two  fortn!»  of  hypertrophy  of  thf?  (xinjunrtiva  »re  cJiRtribuied  AttKmc 
ihm  «üMimle  (livunon.H  of  ih«*  latter;  B,  thf^  »taee  of  i«eqijt?bi*  of  trni^homa;  «,  #i,  ev^ibrowf*:  f>,  <Ji^  fur- 
ngnr  |T^f»--M-*^  »k.--  i>.^..«  ..»,.1  .t,.,  h,j  ihuIcu!^  orKito-palpebmli*);  c/,  i/u  covering  fold;  c,  cilia  in  tb^ir 
propra  vartl  the  cornea;   r,  fn»e  border  of  the  lid.  with  the  border»  of  the 

vfpm  i'l  ami  The  posterior  margin'*  of  the  lid*  »liarp-etlgrtl ;   n*  frve  bcinler 

of  fbr  .  .,  ,,  ....  i  with  it*  po?-terior  maririn  roumlcil;  /»  lAn^iw  thickeiicnl  by  mftlira 

ttttm  •>  ihe  velvety  conjunctiva  lar^i;  /i,  tan^un  thinned  latrophic),  beni  at  an  annlr 

war   !  and  ooverecl   vrith  ^mooih   con^nncliva;  j\  fornix  with  ntimeroui!«  trachono» 

jprmoul^ ^      i      M  ^M<    fuld«  of  the  conjunt-tiva;  /■,  fornix  «mooth.  wiitumt  fold«  (Symblepharon  poa- 

%0rimr,  p,  ihtck  p«nnuB  «overing  the  upper  half  of  the  oomeB;  pi,  m  shrunken  piuinuH  extending  over 
lW  whole  cornea. 


pears  studded  with  coarse  granules,  with  small  nodules,  or  even  with 
raspberry-like  projections,  the  thickening  of  the  conjunctiva  being 
iw*  great  that  the  f^ubjaeent  Meibomian  glands  are  no  longer  visible 
through  it.  This  kimLof  hypertrophy  which  is  called  the  papiUary 
/onyf^  is  found  excl\isivelT|MntIi^tursaLj^'oniur^ctiv^^  (Fig7  46  A),  It  is 
itlwavs  mtist  rle:if|v  pronounced  r>n  the  unper  hd^  whieh  therefore 
niugt  \ye  everted  in  making  the  diagnosis_!:tf  the  t^chonm. 
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The  second  form  of  ^ivtwrtmnhy  j'^  .-K 


nrcsetice  of 


the  t r;i e h t > n i :i  H r aiinl es . ,  The>se,are  ^ray.  truiislucL-nt ,  inüinlihih  gninuie. 
showingthruugli  the  most  j^uperfirial  lavciv;  of  tlie  con  iuneti\:u  which 


they  puäii  ii|>^>  lonn  heiiu^pTi^^niTil  swi^JnatJ^s.  Un  uccount  of  their 
trHnslucent,~seenniigly  gelatinous  character,  they  have  been  likened  to 
the  eggs  of  frog-spawn  or  to  gniins  of  b(jiled  sago.     They  are  found 


principalh^  in  the  retrotanHal  folds  (/,  Fig.  40  A),  in  which  they  are 
imbediJearTHTWTl  llll'FTllffR  lhai,"when  the  iower  lid  is  drawn  dow^n, 
the  fold  projects  a.s  an  clastic  swelling,  at  the  summit  of  which  we  some- 
times see  the  granules  arranged  in  rows  Uke  a  string  of  pearls.  To 
bring  into  view  the  granules  in  the  upper  retrotarsal  fohl,  we  push  the 
fold  dow^n.  This  w^e  accomplish  if  after  we  evert  the  upper  hd.  we  place 
a  slender  stick  or  glass  rod  on  the  skin  of  the  lid  above  the  convex  border 
of  the  tarsus,  and  press  the  skin  down.  In  tha^^conjunctiva  tarsi  the 
frRfhnmiLJfrjy^iiles  are  less  readily  visible.  The^ir^^naTler^m  t  tns  ,^i  t  ua- 
tion,  and  caH  ru^  push  the  cuinuncliva  up  Ijecause  the  hij^fer  i^^vprv 
closely  lidliereiit  to  the  tarsus.  Here. jthereforer  they  penerallv  appear 
as  smalL  Jbriirlit - vello wis h  ooi n t s .  w^iien  a!:e  snuäred~cleeplv  in  the 
mucoqg^iembrane ;  (|uite  often,  thoupjh,  they  Jire  lTi||dt^n  fmrn  s^\^t 
altogeth^Si^^ie  daiJiliinmenL^  t  tie,  papillae.  Traelionui  granules  are 
often  found  in  the  semilunar  fold,  more  rarely  in  other  parts  of  the 
conjunctiva  of  the  eyeball.  This  variety  of  proliferation  of  the  con- 
junctiva is  called  the  gr^jj^^^  form 


I 


I 


The  twn  fnrr^if^  ||(  pntliff>jMi|jnn  of  the  conjun_ctiva  sometimes 'orrur 
fienaratelv.  In  the  great  majority  of  cases  ,"lio;^evernSni  are  found  at 
the  same  tjme  in  theTsame  eye'ianyso^oistrnjuFecl  that  m  the  coniune- 
tiva  of  the  lidsm^iiost  prominent  feature  is  the  proliferation  of  pa- 
pill®,  in  the  retrotarsal  fold  it  is  the  formation  of  trachoma  granules 
(Fig.  46  A).  The  conjunctiva  of  the  eyeball  is,  in  light  cases,  unaltered, 
but  when  the  irritation  is  more  intense  shows  a  coarsely  reticulate 
injection.  The  conitmctiva  disc harpes  a  purulent  secjetion.  the  quantity  ■ 
of  which  is  more  alKindant  in  the  fresn  cL^es  and  in  fhr>>^ft  attended  with 
nuirked  Hvmntnms  omTnintinn,  !n,^^[<ler  cases»  on  the  contrary,  and 
in  those  which  run  a  more  sluggish  coui-se,  itjs  vcrv  scanty. 

In  the  8ui>sequent  course  of  the  disease  the  hypertrophy  of  the  — 
conjunctiva  gradually  increases,  growing  steadily  greater,  until  it  hm  M 
reached  u  certain  height,  which  is  not  the  same  in  all  causes.     Then  it 
dtaftppeann  again,  step  by  step,  wdiile  a  cicatrjcia]  state  of  the  conjunctiva 
with  contract  inn  takes  i|'^  nlji^'i^      Iirihis  way  the  trachoma  is  cured  in  M 
the  nen^e  tiial  the  specific  morbid  process  has  come  to  an  end.     Never-  ■ 
thdoMMp  the  conjiMM»tiva  has  not  bec)%<iio  normal  again  b^'-tkny  means; 
on  the  contrary,  it  bears  upon  it  lasting  marks  of  the  disease  that  has 
pAMMsd,  mimely,  the  signs  of  a  cicatricial  contraction  which,  in  many 
in^tancivi  entnils  other,  additional  consequences,  such  as  we  will  group 
together  under  the  phrase  '*the  stage  of  sequela?  of  trachoma/'     The 
more  cruisifhinibh^  the  degree  which  the  hypertrophy  of  the  conjunctiva 
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jLliains,  the  longer  is  the  duration  of  the  disease,  whicli  in  most  cases 
i:^  ciiunlc<i  by  years,  and  the  greater  and  more  striking  also  is  the  sub- 
fit  contraction.  The  object  of  the  treatment,  therefore,  must 
-t  in  checking  the  hypertrophy  of  the  conjunctiva  while  it  is  de- 
veloping, as  thus  both  the  duration  of  the  disease  is  shortened  and  its 
evil  consequences  also  are  reduced  to  a  smaller  amount. 

In  the  conjunctiva  tarsi y  the  beginning  of  the  fonnation  of  cica- 
trier«  is  l>etokened  by  a  few  narrow,  wliitiyli  stria?  (fine  eicatririal  bands), 
wtiich  we  see  emerging  in  the  midst  of  the  reddened  and  thickened 
eonjanctivH.  These  striae  gradually  l>eeome  more  numerous  and  unite 
to  form  a  delicate  network,  the  meshes  of  which  are  occupied  hy  red 
islands — that  is,  by  those  portitms  {»f  the  conjunctiva  which  are  still 
hvi»era&mic  and  hypertrophied.  Little  by  little  the  cicatricial  lines  grow 
steadily  broader  and  the  islands  that  they  inclose  steadily  narrower, 
until  at  length  that  condition  is  produced  in  which  the  ctmjunctiva  of 
the  tarsus  has  l^ecome  perfectly  pale,  thin,  and  smooth.  The  cicatricial 
tondjtjon  of  the  conjunctiva  corresponds  in  extent  and  intensity  to  the 
amount  of  hypertrophy  that  has  preceded  it.  In  those  eases  in  which 
ibe  h>'p€rtrophy  of  the  conjunctiva  has  attained  a  considerable  height 
in  certain  spots  only,  it  is  also  only  at  these  spots  that  deep  cicatrices 
remain  after  the  trachoma  has  run  its  course,  while  those  parts  of  the 
conjunctiva  which  were  simply  infiltrated^  or  were  hypertrophic  to  only 
»  very  slight  degree,  return  to  the  normal  state. 

in  the  eoniuarUva  o[  the  j  or  nix  the  same  conversion  of  hypertrophy 
into  cicatricial  contraction  lakes  place.  Only,  the  external  phenom- 
ena are  somewhat  different,  in  conformity  with  the  different  character 
of  the  conjunctiva  in  this  situation.  Here  we  do  not  see  any  whitish 
ban  da,  but  w^e  find  that  the  thick  swe|Jpgs  wiiicK  iirp  lormpri  liv  the 
hypertrophic  retrotarsal  fold  are  l>ecunting  piiduully  thinner  and  flatter. 
A^ociated  with  this  process,  and  jiriirccdmjj  with  it  step  hy  step  is  a 
eondition  of  contraction  taking  place  in  the  conjunctiva,  a  condition 
which  steadily  increases  until  pv^il  thp  folds  that  in  the  normal  fve 
are  nrnsent  in  the  fornix  are  smoothed  out  and  ciisäppear  (Fig.  46  B. 
at  /,).  The  conjunction  Iims  trroA^^i^Htle.  and  a  delicate  biuish-white 
pfmtinf-  is  witney^~7n  tKp  ri^^^^^trifial  diaracter  of  its  suoerficijil  layers. 

The  disturbance  of  .*^ight,  of  which  many  patients  complain,  ig 
founded  upon  a  complication  affecting  the  cornea,  and  appearing  under 
two  different  forms,  pannus  and  ulceration,  which  very  frequently  occur 
together, 

Pannus  ^^  trachomaiosus  consists  in  the  deposition  upon  the  surface 
*>f  the  corqqa  of  ji  newTv"fnrmqil,  gelatinous,  vascular  tissue,  which 
pushes  its  w*ay  from  the  edge  toward  the  center  of  the  cornea.  At  the 
spot  wehere  the  pannus  is  located,  the  surface  of  the  cornea  is  uneven 
and  studded  with  fine  projections,  and  there  is  a  gray,  translucent, 

'  *  Pannwi^  a  cloth 


^^ 
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superficially  situated,  cloudy  mass,  which  is  traversed  by  numerous 
vessels.  The  latter  spring  from  the  vessels  of  the  conjunctiva,  which 
pass  over  the  limbus  and  out  upon  the  cornea  and,  after  arriving  within 
the  pannus,  branch  in  an  arborescent  fashion  (Fig.  83).  The  pannus 
ordinarily  begins  its  development  at  thp  nmgjmmgin  nf^he  cornea, 
and  cover  first  the  upper  half  of  the  latter  (p,  Fig.  46  A).  Quite  often 
it  tfirminates  below  in  a  sharp,  straight,  horizontal  border.  After- 
ward pannus  develops  at  other  portions  of  the  corneal  margin,  until  at 
length  the  entire  cornea  is  covered  by  it.  When  pannus  is  pretty  fully 
developed,  the  iris  likewise  participates  in  the  inflammation  (iritis). 
Disturbance  of  vision  sets  in  as  soon  as  the  pannus  has  advanced  into 
the  pupillary  area  of  the  cornea.  If  this  region  is  entirely  covered  by 
pannus,  vision  is  reduced  until  it  is  limited  to  the  recognition  of  large 
objects,  or  even  to  the  mere  ability  to  distinguish  between  light  and 
darkness  (quantitative  vision). 

PannuSj  provided  that  further  changes,  such  as  will  be  described 
later,  have  not  occurred  in  it,  is  capable  of  complete  retrogression,  so 
that  the  cornea  can  reacquire  its  normal  transparency. 

The  ^drpTSi  nf  the  cornea  either  develop  at  a  spot  that  is  otherwise 
norq^  or  they  occur  in  connection  with  pannus.  In  the  latter  case 
they  are  found  principally  at  the  free  border  of  the  pannus,  more  rarely 
within  the  latter.  Since  their  character  agrees  with  that  of  ulcers  of 
the  cornea  generally,  a  more  detailed  account  of  them  will  be  given 
under  the  latter  head  (§§  32  et  seq.).  Ulcers  heal,  leaving  behind  them 
cloudy  spots,  the  influence  of  which  upon  vision  is  dependent  upon  the 
degree  of  their  opaqueness  and  also  upon  their  situation  with  regard  to 
the  pupillary  area  of  the  cornea. 

Course. — The  beginning  of  the  disease  shows  a  clinical  picture 
which  varies  with  the  inflammatory  symptoms  accompanying  the 
fundamental  lesion.  In  the  majority  of  cases  the  disease  sets  in  with 
moderate  symptoms  of  irritation — photophobia,  lachrymation,  pain — 
which  augment  with  the  increase  in  the  objective  changes.  Not  in« 
frpqiiPT^^lY,  hnwf^x-f^r  trachoma  develops  so  insidiously  that  for  a  long 
time  thf^sft  w}]Qm  it  has  attack^^  ^^^  ^^^'  ^.ware  of  it.  Such  persons 
sometimes  do  not  have  their  attention  called  to  their  disease  until  the 
pannus  as  it  covers  the  cornea  begins  to  disturb  their  sight.  These 
cases  belong  as  a  rule  to  the  granular  form  of  trachoma.  When  the 
people  living  in  barracks,  schools,  etc.,  that  are  infected  with  trachoma 
undergo  medical  examination,  there  are  always  found  a  number  of  in- 
mates who  do  not  complain  of  any  troubles  whatever  and  who  regard 
themselves  as  perfectly  healthy,  while  examination  shows  in  the  retro- 
tarsal  folds  a  very  considerable  development  of  trachoma  granules. 
[This  was  eminently  the  case  in  New  York  when  systematic  inspection 
of  the  public  schools  for  eye  disease  was  first  taken  up;  and,  because  so 
many  of  these  latent  cases  were  unearthed,  the  idea  got  abroad  that 
there  was  an  alarming  increase — a  veritable  epidemic — of  trachoma  in 


DISEASES  OF  THE  CONJUNCTIVA. 


153 


I 


Ü 


the  city.  The  truth  is  that  there  were  no  more  vmas  than  before»  only 
ihjit  mare  were  discovered. — D,]  In  contrast  with  case^;  running  this  in^ 
ai^'  anse  are  the  caaes  of  what  is  called  acute  trachoma.     In  these 

iKi  i>e    begins»   with    very    viuleut   inflanimatory   acceiüsories ;    the 

€Bflema  of  the  lids,  the  great  swelling  of  the  conjunctiva,  the  profuse 
purulent  secretion  would  almost  lead  us  to  imagine  the  case  to  he  an 
»cute  blennorrhcea.  The  correct  diagnosis  can  be  made  as  a  rule  by 
nur  ftoding  the  conjunctiva  studded  with  numerous  trachoma  granules. 
But  if  these  are  absent  during  the  first  days  of  illness,  or  if^  because  of 
the  grent  swelling  of  the  conjunctiva,  they  are  not  apparent,  the  g^^l>se- 
flttent  course  of  the  disease  may  be  tlie  only  thing  that  can  clear  up  the 
ntlure  oi  ihe  hater:  which  it  does,  since  the  hypertroph v  of  the  con- 
junciiva,  that  is  characteristic  of  trachoma.  s<Jon  develops.  Such  (yute 
cAses  occur  chiefly  diinng  th^  prevalence  of  an  epidemic  of  trachoma. 
«Jid  ihev  are  partit^ihirlv  cuntaiiious  ttecaUH^of  flit^  rmi^iisp  secretion. 
They  are  uan^erous  to  siLdif  |]pi  sn  murh  ■.ii  nrroiirit  nf  Pannus  as  of 
ronieal  ulcers,  that  make  their  a]ipea ranee  during  the  acute  stage. 


Trachoma  is  essentially  a  chronic  disease  which  only  exceptionally 
befcins  with  great  inflammation.  The  majority  of  the  acutt^  cascs^in  fact, 
are  not  simple  trachoma,  but  trachoma  Uj  which  is  supcraddx^d  ä  se(M_nid 
'    nun  with  l>actcna,  which,  like  the  uonucoccus  or  the  germs  caus]pg 


infiH-1 

oatarrTTal  uplithalmia,  can  set  up  acute  conjunctivitis . 

The  subsequent  course  oFthe  disease  likewise  varies  greatly.  It 
depends  on  {a)  how  far  the  anatomical  changes  in  the  conjunctiva  have 
advanced,  and  (6)  to  what  extent  they  are  comi>ined  with  inflammatory 
wmdetiis  and  complications  of  a  simiiar  character  on  the  part  of  the 
cornea. 

As  regards  the  first  point,  in  the  slightest  cases  the  hypertrophy 
of  the  conjunctiva  amounts  to  but  little,  and  the  cicatricial  contraction 
thjit  is  left  by  it  is  correspomhngly  insigniticant;  so  much  so.  jierhaps, 
that  it  may  scarcely  be  possilile  any  longer  to  make  the  diagnosis  of  tra- 
choma, if  some  time  has  elapsed  since  it  occurred.  In  other  cast*s  the 
diseiisc  get5  well  with  comparatively  slight  scars,  and  this  may  even  occur 
without  any  treatment,  inasmuch  as  the  hypertro|)hy  of  the  conjunc- 
tiva attains  <mly  a  moderate  pitch  and  then  spontaneously  aliates.  j^ 
is  not  such    a   very    rare   occurrence    to   fmd   in    a    case   the   character- 


IsUe     ftf*Ars     iif 


But  in  other. 


tracFToma  in  the  conjunct iva  wiTlfout  ~ 
fi>mf*tnhering  th.'^t  lie  eyer  had  anv  troul^le  witli  his  eves. 
severe  eases  tlie  hypertrophy  of  the  conjunctiva  constantly  progresses 
and  sometimes  reaches  an  extraordinary  pitch,  and  consequently,  also, 
MTious  changes  are  left  in  the  conjunctiva.  Serious,  too^  must  be  called 
fvery  ease  in  which  the  cornea  has  become  implicated.  It  must  be 
miiijirked  however:  (1)  That  the  symptoms  of  irritation  do  not  always 
by  any  means  bear  a  fixed  propnrtion  in  the  cilijective  changes;  case« 
with  very  great  hypertrophy  of  the  ccuijimctiva  and  thick  pannus  often 
running  their  course  without  inflammatory  accidents  and  vice  versa. 
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(2)  That  similarly  no  fixed  relation  exists  between  the  changes  in  the 
conjunctiva  of  the  lids  and  those  of  the  cornea.  We  see  cases  with  very 
pronounced  prohferation  of  the  palpebral  conjunctiva  without  pannus, 
and,  on  the  other  hand,  cases  with  pannus  and  ulcers  associated  with 
a  trifling  affection  of  the  conjunctiva.  (3)  In  one  and  the  same  case 
the  course  is  often  very  variable,  in  that  sometimes  intermissions  or 
even  spontaneous  partial  recoveries,  sometimes  relapses  and  exacerba- 
tions, occur.  The  latter  are  surely  to  be  expected  if,  in  a  case  that  has 
been  improved  by  treatment,  treatment  is  too  soon  discontinued;  but 
it  is  noticed  that  they  also  occur  without  any  known  cause  under  ap- 
propriate treatment  properly  carried  out.  Thus,  a  suddenly  occurring 
sup^glggientalattackj)f  pannus  can  in'  a  short  time  annihilate  the  results 
of  months  of  treatment. 

14.  Stage  of  Sequelae  of  Trachoma. — It  is  only  the  lightest  cases, 
or  those  that  come  under  treatment  early,  that  are  completely  cured. 
In  other  cases  there  are  left  sequelae,  which  are  accompanied  by  a  per- 
manent impairment  of  the  eye.  These  affect  either  the  lids  and  con- 
junctiva or  the  cornea.     They  are  as  follows: 

1.  Distortion  of  the  fids  with  faulty  disposition  of  the  cilia.  The 
distortion  is  produced  by  the  cicatricial  contraction  of  the  conjunctiva 
and  the  tarsus,  as  a  result  of  which  the  tarsus  bends  in  such  a  wav  as 
to  he  cynvg^ji  anteriyrlv.  This  distortion  is  recogmzaoleeven  from  an 
inspection  of  the  lids  while  in  situ,  from  the  fact  that  they  bulge  more 
than  usual.  It  appears  still  more  clearly  on  everting  the  lids,  especially 
in  the  upper  lid,  in  which  the  distortion  is  always  more  pronounced. 
We  find  the  conjunctival  surface  of  this  lid  traversed  by  cicatrices, 
among  which  one  that  is  particularly  striking  is  a  cicatricial  band  which 
runs  in  thp  fffym  of  a  narrow  white  line  some  millimetres  above  the  free 

pHcrp  nf  ihfi  ^^f|j|ntLDfl''"^n*^1  ^^^  ^t  ^^^"^    ^^  ^^       Alnncr  this  Imp  t.hprA  ig  a 

furrow-like  depression  produced  by  the  drawing  in  of  the  conjunctiva 
and  the  tarsus.  On  everting  the  lids  we  feel  that  corresponding  to  this 
spot  and  lying,  therefore,  in  the  neighborhood  of  the  free  border  of  the 
lid,  there  is  an  angular  bend  of  the  tarsus  (^j,  Fig.  46  B).  From  this  bend- 
ing of  the  tarsus  the  whole  lid  acquires  a  sort  of  boat-like  or  how^-lilfft 
shape. 

The  cause  of  the  distortion  of  the  tarsus  lies  partly  in  the  cicatricial 
contraction  of  the  conjunctiva;  for,  as  the  finniiin^|ivR  yp^w«  j=j}^ortpr 
upon  the  posterior  surface  of  the  tarsus,  it  tends  to  bulp;e  the  latter 
forward.  But  thedistOTtion  is  mainlv  nrnHiippj^^r^jj^flngffl^lP  ^^*^ 
tarsjj^^jggjf.  TheTattpr  is  as  much  the  sea^  9f  inflftiflflTOfttf^r^  jnfilt.rR- 
finn  in  fj^yf^rfi  os\sif^  of  fraphoma.  a{i  js  the  conjunctiva  jts^lf.  It  is  hence 
increased  in  size  and,  when  we  evert  the  lid,  we  feel  that  it  is  thicker, 
wider,  and  at  the  same  time  less  pliable,  so  that  sometimes  the  eversion 
of  the  lids  is  rendered  considerably  more  difficult.  From  such  a  state 
of  things  the  experienced  observer  would  infer  that  he  has  to  fear  a 
eubsequent  distortion  of  the  tarsus  with  its  consequences.     The  infil- 
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Irntion  and  thickciimg  of  tite  tarsus  are  p:reut est  near  its  lower  inargi n , 
aImhc  jhe  line  al  uiurfi  the  tilmMJ-vessels  pa.-^^in^ü;  io  the  ounjuiietiva 
from  in^ front  perforate  the  tarsus  ^soe  page  121  and  Fi|^.  40,  rp),  Itiere 
is  nu  doul>t  hut  that  it  is  cliietiv  along  tnese  vessels  that  tlie  uxflammä^ 
tory  infihratiun  makes  its  vvav  frnrii  the  conjunctiva  tojlie  tardus.  Jience, 
cteihtrieial  contraction,  which  succeeds  the  infiltrationT  and  which  makes 
the  whole  tarsus  thinner  and  narrtjwTr,  is  greatest  at  this  spot  and  pro- 
duces there  an  angular  bending  of  the  tarsus,  corresponding  to  which  is  the 
cicatricial  line  that  is  seen  running  horizontally  upon  the  conjunctiva  tarsi, 
lod  the  position  of  which  agrees  in  general  with  that  of  the  sulcus  sub- 
iarsalis  pre^nt  in  the  normal  Hd  (Fig*  49  B). 

The  immediate  consequence  of  the  distortion  of  the  lid  is  an  altera- 
lion  in  the  position  of  its  free  border  and  of  the  cilia  springing  from  it. 
The  free  border  of  the  lid  no  hmger  looks  straight  downward  (or  in  the 
lower  Vul  >trai>:ht  urJW^trd),~^mt  l>jnkward  finwjird).  The  intern?! 
liiAffiri  üi  t!ie  h(l.  which  in  thp  hf^dthv  state  i.s  siia~befomes  rounded 


2 


fljy  <**  worn  clnwt]  "^  and  is  no  longer  to  be  recognized  with  distinctness 
(Fig,  46  B,  Tj),  this  being  due  partly  to  the  w^ay  in  which  it  is  drawn 
liy  the  contracting  conjunctiva,  partly  to  the  pressure  of  the  eyeball 
upon  it.  By  the  turning  inw^ard  of  the  free  border  of  the  lid  the 
direction  of  the  cilia  (c  )  is  eh^mged,  so  that  they  now  no  longer  look 
forward,  but  backward,  so  that  the}*  touch  the  surface  of  the  cornea 
\infhiams).     Another  factor  besides  the  distortion  of  the  tarsus  thai 


contributes  to  this  false  position  of  the  cilia,  is  the  tension  which  the 
contracting  conjunctiva  exerts.  This  tends  to  draw  the  skin,  and  wilh  it 
the  cilia,  over  the  free  border  of  the  Hd  and  up  upon  the  posterior  surface. 

If  tl^y  distort jon  of  the  lid  T>rogresses.  the  eiit^ire  lyrder  of  the  lid 
t timg  ]ij|rk\vMrd  and  r??/ron?Q^j  |s  Dniftuced.  In  trichiasis  and  entrooin n 
Alike  there  is  a  permanent  condition  of  irritation,  which  is  excited  and 
mjiicitained  in  the  eye  by  the  constant  contact  of  the  cilia  with  the 
eomea;  if  this  condition  lasts  any  length  of  time,  diseases  of  the  cornea 
make  their  appearance  as  a  consequence  of  the  mechanical  injury  pro- 
duced by  the  ciÜa  (see  §5  34  and  44). 

The  opposite  kind  of  anomaly  of  positron  of  the  lid—that  is,  its 
turning  outward,  or  t^^^^j^jon — also  occurs  as  a  res ujt  nf  trachoma.    ^'^^  Av4| 
CjiUSe  of  this  is  that   thf  pnnjt^nrtTvn     \\\u^u  j[  w  f Uml-nl^fvJ   . |~   l||i^s  nii-  ^ 

denrone  great  prnljferatinn.  cm\\:d^LJiliLlid.JiAIiiy  fn>n>  the  evetuillj  the 
conf  raction  ot  I  he_aillü£tilar  fibers  of  the  orbicularly  then  suffipf>s  ^n 
complete  the  eversion   of  the   lid.      This   kincj  uf  cctrnpioTi   is  ^i,Ru<i]|y 


fniinH  ninlv  jj]  f  h^  trm-^r  lirl  T^aa  &   ]  12). 

2.  i^umhlt^ pharn n  Postefi^s.— When  the  cicatricial  contraction  of 
flie  conjunctiva  reaches  a  high  degree,  the  folds  of  the  region  of  tran- 
sition flatten  out  completely:  the  conjunctiva  passes  directly  from  the 
lid  to  the  eyeball  (J^,  Fig.  46  B).  If  the  lower  lid  is  drawn  down  with 
the  finger,  the  conjunctiva  stretches  tightly  in  the  form  of  a  vertical 
fold  between  the  hd  and  the  eveball.  and  if  the  lid  is  drawn  down  still 


Ä 
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farther,  the  eyeball^  being  fajstened  tightly  to  it  by  the  conjunctiva, 
must  follow.  This  condition  is  charaeterized  as  Symblepharon  posterius 
(see  §  23),  In  particularly  severe  cases  the  lower  half  of  the  conjunc- 
tival sac  is  reduced  to  a  shallow  groove  between  the  lid  and  the  eyeball. 
3*  Xeros is  Co nju ncji^w.  —  This  condition  d^vf^hjuj^  ^vV"  ^^'J*  '^^- 
junctiva.  ^^win-^to  fxccs.siv^  ^itrophyj  loses  it^  secretory  funetionjS.  A 
steady  ilnainution  in  the  lachrymal  secretions,  wJiich  occurs  at  the  sanie 
time,  contributes  to  the  production  of  the  xerosis.  Xerosis  manifests 
itself  by  the  folio wiag  signs:  The  secretion,  formerly  copious,  now  be- 
oomes  steadily  scantier  and  assumes  a  tough,  sticky,  viscid  character. 
In  conjunction  with  this,  a  feeling  of  dn^ness  develops  in  the  eye.  Sub- 
sequently there  appear  on  the  conmiietiva  tarsi  several  drv^hiii|^jpg 
piaces^to  which  tlie  lachrymal  fluid  cn^  not  adhere  any  more  than  if 
they  were  smeared  with  grease.  This  condition  tends  to  spread,  until 
finally  the  conjunctiva  may  be  affected  by  it  throughout  its  whole 
extent.  The  cgmg^i.  which  as  a  rule  has  become  partly  cicatricial  from 
previou^jjyjmi^ntHdcers^  likewise  suffers  from  the  deficient  moisten- 
ing; if-i  ApW kf^inT^Rg^TiP.^  ^^'TiRff  epidermoiil,  dry  upon  the  surface, 
land  hence  opaque.  Thus  is  produced  that  melancholy  condition  U'WIth 
is  called  jcerjy^^iifiiiiiyt^  ^^^^  which  forms  the  worst  termination  of  tra- 
choma; the  eye  is  rendered  incurably  blind,  is  disfiguring  to  its  pos- 
sessor, and  in  addition  keeps  torturing  him  with  a  constant,  very 
tormenting  sense  of  drynes.s  (see  §  24,  Xerosis  Conjunctivae). 

4,  Corneal  Oixicüies.—Thme  are  after-elTects,  both  of  ulcers  of  the 
cornea  and  of  pannus.  A  recent  pannus,  it  is  true,  can  disappear  com- 
pletely by  a  process  of  resorption,  so  that  the  cornea  reacquires  its  nor- 
mal transparency.  But  often  further  changes  take  place  in  the  pannus, 
which  render  its  cjomplete  disappearance  impossible.  Among  them  is 
to  be  reckoned  in  the  first  place  (a)  the  transJoDnaUon  inJo  comiective 
t L^suc.  which  thf^  ojinnn>{  iinrl^rgoas  if  it  hists  for  a  lon^^  time"!  In  fhia 
the  sam~cKange  takes  place  in  the  pannus  as  in  the  trachomatous 
conjunctiva,  a  portion  of  the  cells  of  which  the  pannus  is  composed 
growing  into  spindle-cells  and  finally  into  connective-tissue  fil>ers. 
As  a  consequence  of  this  the  pannus  becomes  thinner,  its  surface  grows 
ijj  smooth,  the  vessels  with  a  few  exceptions  disappear,  and  at  length 
the  pannus  is  transformed  into  a  thin  membrane  of  connective  tissue 
which  Gfivers  the  surface  of  the  cornea  and  hardly  admits  of  further 
resorption.  In  cases  ^n^wjiich  the  pannus  is  quite  thick  and  succulent 
and  covers  the  whole  cornea,  (b)  ectasia  of  thf  cornea  sometimes  result s> 
That  is,  as  the  tissue  of  the_pannuB.  whicti  is  soft  and  äbo^dmg  in  fj'^Ils, 
penetrates  mnrp  r^f^PnK^  \j^^n  tlLe_^yrnpa.  the  tissue  of  the  Ijitter  softens 
and  gives  way  before  the  intra-ocular  nrt^ssure  (kpratpctfLsia  e  panno). 
Such  a  cornea  never  becomes  perfectly  clear  again.  The  same  thing  is 
true,  finatlyt  of  those  emes  in  which  (c)  pannus  is  complicated  with 
tiic(T5;  the  regions  which  are  occupied  by  the  latter  likewise  have  per- 
manent opacities  left  upon  them. 
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Trachoma,  then,  is  a  disease  which  is  distinguished  by  its  duration, 
extending  over  years,  and  wJjii-li  in  many  cüügb  renders  those  who 
ut  attacked  by  it  half  or  wholly  blind.  If  we  add  to  this  the  fact  that 
beflftlise  of  its  infectious  nature  it  is  exceedingly  apt  to  spread,  we  shall 
Hiuhfsland  how,  for  those  regions  in  which  it  is  endemic,  it  iß  a  veritable 
dtourge. 

15.  Etiology.— Trachoma  originates  exckisively  in  infection  pro- 
ceeding froni  another  eye  affected  with  trachoma.  Infection  takes 
plttM  by  transfer  of  the  secretion;  contagion  by  pieans  of  the  atmos- 
phere, the  existence  of  which  was  formerly  accepted,  seems  not  to 
occur.  In  all  probability  the  secretion  owes  its  infectious  character  to 
I  micro-organism,  as  to  whose  nature,  however,  the  investigations 
have  not  as  yet  been  concluded.  Since  it  is  the  secretion  alone  that 
trusmits  the  infection,  the  danger  of  infection,  which  any  given  case 
c&rnos  with  it,  is  in  direct  proportion  to  the  amount  of  the  secretion; 
the  more  profuse  the  latter,  the  ;]:renter  being  the  clanger  to  those  in  the 
immediate  neighborhood  of  the  patient,  [I'er  contra^  ordinary  trachoma, 
which  is  attended  with  very  httle  secretion,  is  in  all  probability  byt 
«lightly  contagious*  We  often  see  families,  some  member  of  which 
fufiTers  from  trachoma  and  3'et  fails  to  infect  the  others  with  whom  he 
i$  all  the  time  brought  into  intimate  contact — and  that  too,  when  the 
commonest  hygienic  precautions  are  entirely  neglected,  Itseemsprob- 
able  that  something  must  be  added  to  chronic  trachoma  to  make  it 
actively  conTagious.  a  no  i\na  m  uwiii  causes  thi.s  somctliiiifr  i.-^  an  Jutt^jp- 
current* conjunctivitis  whiclt  furni>shes  the  Becretion_ihat.iiCtjr^tQ_ carry 
the  com agi u m .  _  Dd  The  transfer  of  the  secretion  from  one  eye  to 
another  generally  takes  place  indirectly  through  the  medium  of  the 
finger  or  very  distinctly  through  the  medium  of  any  article  which,  like 
spong^t  towels,  handkerchiefs,  etc.»  is  brought  into  contact  with  the 
eye«  in  making  the  toilet.  A  special  opportunity  for  this  to  occur  is 
afforded  when  a  pretty  large  number  of  people  have  their  sleeping 
apart  mental  in  common,  and  so,  too,  make  common  use  of  the  articles 
above  mentioned.  Hence,  trachoma  spreads  Aiost  extensively  in  bar- 
TftfkB,  penal  establishments,  poorhouses,  boarding  schools,  orphan 
asrhims.  day  schools  of  all  kinds,  etc.  Moreover,  outside  of  such  insti- 
tQtioiLs  the  same  factor  asserts  itself,  trachoma  mainly  attacking  poor 
people  who  live  crowded  close  together  and  bestow  little  care  upon 
-.  Furthermore,  the  fact  that  in  many  countries  the  Jews  are 
ifTerers  from  trachoma  is  to  be  attributed  to  the  same  cause. 
Tmrhoma.  finally,  varies  in  it^s  geographical  distribution.  It  is  most 
frequent  in  Arabia  and  in  Ktrvnt.  which  is  regarded  as  its  proper  home 
(ophthalmia  .F.gyptiaca,  Egyptian  ophfhalmia).  In  Europe  it  is  much 
moire  wide-spread  in  the  east  than  in  the  west.    Elevated  lands  (Switzer- 


Uf^^    TvrnJY  UTA  »ln]p^|  f^pftrelv  free  from  it,  while  it  is  very  frequently' 
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found   in   the  low   landn   (Bflgjyni,   p'^JI^^fl    Hunrrnryj  and  the  whole 
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[In  this  country  it  is  common  in  our  Eastern  cities,  especially  among 
the  foreign  population  and  most  of  all  among  the  Russian  and  Polish 
Jews  and  immigrants  from  Eastern  Europe  generally  and  among  the 
Irish  and  Italians.  It  occurs  frequently,  too,  among  the  Chinese  and 
Japanese.  It  is  also  common,  however,  and  often  in  a  severe  form, 
among  our  native  Americans,  particulariy  in  some  parts  of  the  Middle 
West  (Illinois,  Kentucky,  West  Virginia).  It  is  prevalent  amony  t^f 
Inf|j[ftn§^  ^]^j]p  np^rnfifi    in  this  countrY  at  l^fl^^t.^TnH  in  Tnhft    ap^  «Imost 

exempt  (Swan  Burnett  and  others). — P.] 

rReSpy. —  ine  treatment  of  the  trachomatous  conjunctiva  has  £ 
twofold  object  in  view;  on  the  one  hand  it  seeks  to  do  away  with  th( 
inflammatory  complications  and  the  increase  of  secretion,  which  is  asso 
ciated  with  them;  on  the  other  hand,  to  further  the  disappearance  o 
the  conjunctival  hypertrophy.  In  this  way  it  is  most  likely  that  thi 
process  of  shrinking  in  the  conjunctiva  will  be  restricted  as  much  a 
possible,  so  as  to  avert  the  evil  consequences  resulting  from  its  cicatri 
cial  contraction.  We  attain  both  objects  by  the  proper  employment  o 
caustics,  of  which  two  are  almost  exclusively  in  use;  nitrate  of  silver  h 
2-per-cent  solution  and  sulphate  of  copper  in  the  form  of  a  stick 
The  silver  has  the  feebler  action,  and  is  therefore  borne  better;  copper 
being  applied  in  substance,  has  a  correspondingly  stronger  cauteran 
action^^  but  also  causes  more  irritation  (see  page  143).  These  remedie 
are,  as  a  rule,  applied  once  a  day,  it  being  only  in  severe  cases  tha 
they  are  used  twice  a  day.  The  indications  for  the  two  remedies  are  a 
follows:  Nitrate  of  silver  is  employed  in  all  recent  cases  with  \aolen 
inflammatory  symptoms  and  great  secretion.  It  can  also  be  used  w^he; 
there  are  ulcers  upon  the  cornea  that  are  still  in  the  progressive  stage 
if  we  take  care  that  none  of  the  solution  comes  into  contact  with  th 
cornea  itself.  Copper  sulphate  is  suitable  for  those  cases  in  which  th 
inflammatory  symptoms  are  small,  and  its  cmei  use  is  m  removing  xh 
hvpprtronTiv  ol'  x.\ie  conjunctiva.  For  this  purpose  it  acts  much  mor 
energetically  than  the  silver  solution,  and  should  therefore  be  used  i: 
preference  to  it  in  all  those  cases  in  which  its  application  is  allowabl 
at  all.  Great  inflammatory  irritation,  and  particularly  the  presence  c 
ulcers  of  the  cornea  in  a  state  of  active  progress,  contraindicate_the  iig 
of  the  bluestone.  ^ 

From  theseindications  it  follows  that,  as  a  rule,  we  treat  a  recen 
case  with  the  silver  solution  until  the  inflammatory  symptoms  hav 
disappeared  and  the  secretion  has  diminished.  As  soon  as  this  ha 
occurred — and  several  weeks  are  generally  sufficient  for  the  purpose- 
we  replace  the  silver  solution  by  bluestone.  At  any  rate,  we  must  avoi 
using  the  silver  solution  for  too  long  a  time  on  account  of  the  argyrosi 
which  may  develop  as  a  result  of  it.  The  copper  is  now  to  be  usee 
the  application  of  it  being  made  stronger  or  weaker  according  to  th 
degree  of  hypertrophy,  and  is  to  be  kept  up  for  months  and  even  years 
until   every  trace  of  hypertrophy  has   vanished  and  the  conjunct! v 
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30  frt»e  from  congestion  and  smooth  throughout.     At  first  the 
iß  made  every  day;  but  when  oidy  slight  remiiins  of  the  hyper- 
tiopfay  rasti  it  is  sufficient  to  make  the  application  every  other  day,  and 


pntlv 


third 


d 


-- 1 


k»ne  ] 


if^ 


'fUentjy  every  tnini  day;  antl  at  tliis  steige,  the  milder  acting  alum 
;  (a  sliviT  of  akiui  win t tied  down  to  a  fine  edge)  may  be  substituted 
f**  bluestone»     Moreover,  the  application  should  be  made  less  and 
,,v^  1  aergetically  all  the  time,  until  finally,  wiien  the  cure  of  the  trachoma 
is  complete^  the  application  is  entirely  susfiended.     In  these  later  stages 
* '    ilisea^e  we  can  instruct  the  patient  how  to  evert  the  lid  himself 
iouch  it  with  the  bluestone,  so  that  he  need  not  come  so  often  to  the 
j^hysician.    Or,  we  can  prescrilw  for  him  an  ointment  of  copper  sulphate 
(J  to  1  per  cent)  or  of  copper  citrate  (10  per  cent:  Arlt,  Jr.),  w^hich  he  him- 
»if  can  rub  into  the  conjunctiviil  sac.     [An  effectual  substitute  for  the 
'     T  stick  is  a   10-per-cent   sohition   of  eoj>per  suljihate  in  glyceriiK 
I !  -  IS  diluted  WHth  fn*m  15  to  (iO  parts  of  water,  and  the  mixture  is  dropped 
into  Ih«-  eye  three  or  four  times  a  day.    The  aqueous  mixture  must  be  made 
up  fresh  daiU%  and  its  strength  in- 
cmised  as  fast  as  tlie  patient  can 
ndit.     (Prince.)— D.l    When 
id  great  cicatricial  contrac- 
m  of  the  conjunctiva  the  blue- 
is  not  applicable  at  alb  and 
be  replaced  by  ointments. 
1-  or  2-perK"ent  ointment  of 
hite  or  yellow  mercurial  pre- 
pitÄt©  (the  latter  acts  more  en- 
rtically)  may  be  mbljed  into 
?  conjunctival  sac.     In  relapses 
^reat  infianmiatory  irrita- 
such  us  often  occur  in  the 
of  the  treatment,  the  copper  is  always  to  be  replaced  for  a  short 
nc  by  the  silver  solution.     If,  however,  the  symptoms  of  irritation  are 
ty  violent,  the  silver  s<:»Iution  itself  can  not  always  be  borne,  and  must 
be  replaced  for  some  time  by  milder  remedies,  such  as  instillations  or 
ipresj^es  made  with  wT'ak  solutions  of  corrosive  sublimate  or  boric  acid. 
The  operative  treatment  of  trachoma  is  indicated  in  eases  in  w^hich 
r  numerous  granulations  are  present  in  the  retrotarsal  folds.     Exci- 
of  the  retrotarsal  fokls,  w^hich  would  be  the  most  radical  metliod,  has 
the  disadvantage  of  causing  great  and  permanent  contraction  of  the  con- 
junctiva.    (Excision  of  the  tarsfus  by  the  method  of  Heisrath  (mocfified 
by  Kuhnt)  gives  good  results — D.)    Much  to  be  pn^ferretl  are  those  methods 
that  remove  the  trachoma  granules  by  ej'pre.'i^ion  without  destroying  the 
ajunctiva.     This  may  be  done  either  by  puncturing  the  granulations 
ii\idually  with  a  sharp  knife  and  then  squeezing  them  out  (Sattler), 
passing  the  retrotarsal  folds  through  the  blades  of  Knapp's  roller 
In  the  latter  instrumeut  each  blatle  carries  a  fluted  roller»  and 


[Fio,  47, — Roller  FoncKre  tor  Trachoma» 

.4  H^  Knappt»  forci;p«.     B.  Eust'a  tnudification.     Sim- 
Uiir  forc«iiB  h&ve  bc«D  dcviaed  by  Nov««  and  oUmih. 
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when  the  conjunctiva  is  drawn  in  between  the  two  rollers,  which  fit 
closely  into  each  other,  the  trachoma  granules  are  squeezed  out.  [Some 
advise  scarification  of  the  conjunctiva  before  applying  expression  in 
this  way.  A  few  prefer  the  operation  of  graUage,  This  consists  in 
making  parallel  scarifications  in  the  conjunctiva  and  then  brushing  the 
scarified  area  vigorously  with  a  toothbrush  soaked  in  1 :  500  sublimate 
solution. — D.] 

There  are  other  methods  also  for  removing  the  granulations  me- 
chanically. None  of  them,  however,  should  be  applied,  if  there  is  any 
evidence  of  considerable  inflammatory  irritation  of  the  eye,  such  as 
marked  redness  and  swelling  of  the  conjunctiva  and  secretion  in  corre- 
sponding amount.  If  these  are  present,  they  are  to  be  allayed  by  a 
sufficiently  prolonged  treatment  with  the  silver  solution  before  any 
operation  is  done. 

Neither  an  inunediate  nor  a  radical  cure  of  trachoma  is  effected 
by  operative  means,  since  along  with  the  larger  granulations  small  ones 
in  process  of  development  are  always  present,  which  can  not  be  removed, 
and  which  grow  bigger  afterward.  Hence  it  is  necessary  after  the 
reaction  produced  by  the  operation  has  subsided  to  apply  caustics  in 
the  usual  way.  But  it  must  be  conceded  that  in  suitable  cases  the 
duration  of  treatment  is  considerably  shortened  by  resort  to  these 
operative  procedures. 

Keining's  method  of  daily  repeated  friction  of  the  conjunctiva  with 
a  1:2,000  sublimate  solution  or  the  massage  of  the  conjunctiva  with  a 
rounded  glass  rod  is  also  efficient  mainly  owing  to  its  mechanical  effect — 
i.  e.,  to  its  causing  expression  of  the  granules.  [A  sublimate  solution  of 
1 :  500  may  be  used,  rubbed  well  into  the  retrotarsal  folds.  It  causes  no 
more  irritation  than  the  copper  stick  and  by  many  is  held  to  be  at  least 
equally  effective. — D.] 

The  treatment  of  trachoma  must  be  kept  up  until  the  hypertrophy 
of  the  conjunctiva  is  completely  done  away  with,  as  otherwise  relapses 
are  to  be  looked  for  sooner  or  later.  The  chief  difficulty  in  the  treat- 
ment lies  in  its  great  length,  it  often  requiring  many  months  for  a  com- 
plete cure.  Those  patients  who  have  not  the  endurance  nor  the  means 
necessary  for  such  a  course,  give  up  treatment  as  soon  as  their  subjective 
troubles  have  disappeared,  without,  however,  being  completely  cured. 
Then  we  commonly  see  them  returning  after  some  time  with  a  relapse, 
which  is  often  more  severe  than  the  disease  for  which  we  originally 
treated  them.  This  lack  of  completeness  in  the  treatment  is  the  reason 
why  the  disease  with  many  men  drags  on  through  their  whole  life. 

The  treatment  of  complications  affecting  the  cornea  is  conducted  on 
the  principle  that  the  affections  of  the  cornea,  caused  by  a  conjunctival 
trouble,  are  best  cured  by  the  treatment  of  the  conjunctival  trouble 
itself.  Hence,  ulcers  of  the  cornea  when  occurring  in  connection  with 
trachoma  are  not  combated  directly,  but  have  their  cure  brought  about 
by  means  of  applications  made  to  the  conjunctiva.     The  only  limita- 
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lo  this  is  that,  where  there  are  corneal  ulcers  in  lictive  progress,  the 
tih'er  solution  is  demanded  and  the  blue^tone,  on  the  other  hand,  is 
r<  iieated,  and  further,  that  contact  of  the  caustic  with  the  cornea 

iii'  'C  avoided  as  far  a^  potsäible.     Fur  the  iritis,  which  not  rarely  is 

iffiociAted  wiUi  ulcers  of  the  cornea,  atropine  in  1-per-cent  solution 
imililled.  In  other  respects,  ulcers  of  the  cornea  are  to  l>e  treated 
niing  to  the  rules  which  nre  in  general  applicable  to  them  (.see  §  34). 
Otüy  it  must  be  noted  that  bandaging,  which  is  generally  indicated 
tD  the  case  of  ulcers  of  the  cornea,  should  be  a\'oided  as  far  as  possible 
vhen  tmchoma  is  present,  because  by  the  closure  of  the  eye  the  secre- 
tion is  retained  in  the  conjunctival  sac,  and  thus  both  the  conjunctival 
•nd  the  corneal  troul>les  are  aggravated, 

Pannus,  in  recent  cases^  disappears  of  itself,  simply  from  apphca- 
tians  being  made  to  the  conjunctival  If  the  pannus  is  unusually  Jense, 
it  ii*  allowable  fo  WSlv?  ^areluTai>i>iu"atinns  of  the  caustic  to  the  pannus 
itself.  Since  pannus  is  often  associated  with  slight  iritis,  atropine 
should  be  instilled  from  time  to  time»  in  order  to  keep  the  pupil  dilated 
iod  prevent  the  formation  of  posterior  synechiae.  \  cry  otd  p^innus 
which  already  is  partly  made  up  of  connective  tissue  and  has  Tost  äHbuF 
1  few  of  its  vessels,  requires  special  treiitment.  Experience  has  shown 
that  further  re^jorption  can  be  obtained  in  such  a  pannus  liy  exciting  a 
violent  inflammation  in  it,  and  so  producing  an  increased  succulence 
and  a  greater  vascularity.  For  this  purpose  we  make  use  of  the  je- 
qoirity  treatment  (De  Wecker).  We  here  employ  a  3-  to  5-per-cent^ 
'^^inilll  \ti  ifr^^'^^^^^  whirh  is  preparcil  by  extrTicling  tiie  ground 
)rqutrity  beans^  for  twenty-four  hours  with  cold  water.  With  this  in- 
fusion, which  is  to  lie  prepared  fresli  every  day.  the  c o n j im c t i \' a  of  the 
I' vrrtejUulAiiä»  nainted  verv  thorouglilv  two  or  three  timoa  day.  Tlie 
intlammation  that  is  thus  produced  reaches  tlie  desired  lieight  on  the 
?«econd  or  third  day,  when  the  lids  are  re<ldened  and  l>ecome  swollen  with 
ipdema.  the  conjunctiva  is  strongly  injected  and  covered  with  a  croup- 
0118  membrane,  and  slight  Chemosis  is  often  present.  This  inflammation 
we  rail  jeg  ui  ri  t  y  opl  it  h  üI  mi  a.  As  soon  as  it  has  attained  the  height 
juj«!  desrnhed,  the  turt h'er"a]>plication  of  the  remedy  is  discontinued, 
nn  other  wise  we  should  make  the  inflammation  increase  to  the  point 
wljere  it  would  cause  a  necrotic  disintegration  of  the  conjunctiva  and 
cornea.  We  now  allow  the  inflammation  to  run  its  course,  simply 
keeping  the  eye  clean;  when  the  infiammation  has  completely  subsiiled, 
the  cornea  is  found  to  have  gained  in  transparency  as  compared  with 
Its  former  state,  ami  sometimes  to  a  very  consideralile  extent.  This 
%*erv  energetic  treatment  is  adapted  only  to  those  old  cases  of  tracho ma 
in  n^ich  the  more  promiunced  sympfc^ms  ot  infTaTmniation  are  wimFing, 
the  roninnr(lv.H  is  tn  £rreat  part  cicatricial,  anil  the  cornea  is  enfTr^ly 
<>nv#>rp«l    by   nid    pjinniis , 

on  he  ftequela  of  trachoma,  trichiasis  and  entropion  demand  opera- 
tive treatment  (see  the  section  on  Operations.  §§  168  and  171).     The 
11 
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Symblepharon  pcwsterius,  which  is  produced  by  the  shrinking  of  the  ' 
conjunctiva,  is  not  amenable  to  treatment.  Xerosis  of  the  conjunctiva 
is  also  incurable,  so  that  treatment  must  be  limited  to  the  amelioration 
of  the  patient's  sufiferings.  To  diminish  the  sense  of  dryness,  frequent 
instillations  of  milk,  glycerin,  or  mucilaginous  substances  (e.  g.,  the 
mucilago  seminum  cydoniorum)  may  be  made.  For  bad  cases  Rudin, 
in  order  to  preserve  the  eyeball  from  desiccation,  has  advised  refresh- 
ing the  edges  of  the  lids  and  stitching  them  together,  so  as  to  unite 
them  throughout  except  for  a  small  space  in  their  middle. 

In  addition  to  the  foregoing  measure  for  the  treatment  of  trachoma, 
it  is  self-evident  that  care  must  be  taken  to  keep  the  eye  clean, 
for  which  purpose  we  may  prescribe  weak  antiseptic  solutions.  The 
patient  should  have  a  nourishing  diet;  he  ought  not  to  be  kept  in  his 
room,  but,  on  the  contrary,  should  be  made  to  go  out  as  much  as  pos- 
sible in  the  open  air  and  take  exercise,  and  if  necessary  may  be  directed 
to  engage  in  some  light  out-of-door  work. 

With  a  disease  of  this  infectious  character,  its  dissemination  should 
be  checked  by  suitable  prophylaxis.  The  physician  must  set  a  good 
example,  and  must  cleanse  his  hands  carefully  after  touching  a  tra- 
chomatous eye.  He  must  call  the  attention  of  the  patient  affected  with 
trachoma  to  the  contagious  nature  of  his  disease.  He  must  teach  him 
how  to  protect  from  infection  the  other  eye,  which  may  be  still  healthy, 
and  how  to  avoid  spreading  the  disease  among  those  in  his  immediate 
neighborhood,  his  family,  his  fellow-workmen,  etc.  For  securing  the 
latter  object,  the  prime  requisite  is  that  the  patient  should  have  his 
own  washing  materials,  linen,  bed,  etc.,  and  should  keep  them  exclu- 
sively for  his  own  use. 

The  prevention  of  epidemics  of  trachoma  in  public  establishments, 
such  as  barracks  and  institutions  and  schools  of  every  sort,  constitutes 
an  important  duty  of  the  officials  in  charge  of  such  places.  These  offi- 
cials should  take  care  that  the  members  of  their  community  have  separate 
washing  materials,  linen,  etc.,  for  their  use.  They  should  be  kept  ap- 
prised of  the  presence  of  any  trachomatous  patients  by  means  of  fre- 
quent medical  inspection,  and,  as  soon  as  such  a  patient  is  found,  he 
should  be  immediately  removed  from  the  community;  for,  where  no 
trachomatous  patient  is  found,  no  extension  of  the  disease  is  possible. 

[In  this  country  a  great  deal  has  been  done  recently  in  the  way  of 
prophylaxis  by  excluding  trachomatous  immigrants  and  by  the  system- 
atic inspection  and  treatment  of  children  in  the  public  schools. — D.] 

It  was  at  the  commencement  of  the  last  century  that  trachoma  began  to  attract 
the  attention  of  physicians  to  any  great  degree.  It  was  then  that  the  disease  first 
showed  itself  as  an  epidemic  among  the  European  armies  (ophthalmia  miiitaps).  Peo]:Je 
were  of  the  opinion  that  it  had  been  mtroaucea  mto  ijiurope  from  JbJgypt  (hence  Oph- 
thal mia  .4^.irtn|^^iarA^  by  Napoleon  I.  For  when  the  latter,  in  July,  1798,  landeain 
Egypt  with  an  army  of  thirty-two  thousand  men,  most  of  the  soldiers  were  very  soon 
attacked  by  a  violent  ophthalmia,  and  these  were  supposed  to  have  brought  with  them 
upon  their  return  to  Europe  the  disease  which  was  formerly  confined  to  Egypt.    Sub- 
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lequent  historical  researches,  however,  have  shown  that  the  dJyase  had  already  been 
«Ddfltnic  in  Europe  since  aptiqu^ty.     It  is  mentioned  in  1  He  Eliere  papynis  and^n  a 


Hippocratic  nmnuscript.  Gelsus  gives  a  gcK>d  desrription  of  the  roughnesa  of 
the  lids  and  the  purulent  diäcliarge  that  it  occttäions.  For  treatment  the  ancients 
ünplojed  scarification  of  the  conjunctiva,  which  is  still  toKJaj^  made  xise  of  by  some, 
and  which  was  accomplished  both  by  means  of  various  instruments  and  also  by  friction 
with  fig  lea^'es. 

From  lime  immemorial,  then,  trachoma  ha»  existed  in  Eiu^pe  as  an  endemic 
ütumm  But  when  by  reason  of  the  Napoleonic  wars  the  armies  came  so  repeatedly 
m  rontact  with  e-ach  other  and  with  the  civil  popiibtion,  the  diüease  became  more 
wiMy  disseminated  and  occurred  in  epidemit-s.  In  some  countries  it  became  fright- 
ftlDy  pireralent.  In  the  EngU«h  army,  during  the  year  1818,  there  were  more  than  5,000 
m  the  invalid  list,  who  had  been  rendered  blintl  as  a  conHe4iuence  of. trachoma.  In 
tbr  I^rtiasion  army,  from  1813  to  1817,  20,000  to  30,000  men  were  attJU'ked  with  it; 
in  i\m  Russian  anny,  from  1816  to  1839,  76,811  men  were  subjects  of  the  disexise.  In 
Belgium,  in  1840,  one  out  of  every  five  soldiers  was  afTccted  with  trachoma.  The  Prench 
Army,  which  was  supposed  to  form  the  start ing-[xiint  of  tlie  disease,  was  just  the  one 
thai,  relatively  speaking,  was  least  attacked,  llie  armies  disseminatetl  trachoma 
aanong  the  civil  population  through  the  disdiarge  of  soldiers  affected  with  eye  diseiises, 
tlvmigh  the  quartering  of  troops,  etc.  When  ihcy  liad  ko  many  tracfiomatous  soldiers 
in  tlie  Belgian  army  that  they  did  not  know  what  to  do,  the  Government  applied  to 
jQQ^en,  who  had  then  great  repute  a^  an  ophthalmologist  in  Berlin.  He  reiomm ended 
tfacia  to  dismiss  the  trachomatous  soldiera  to  their  home*.  By  means  of  this  fatal 
OMSWure  trachoma  soon  became  difTused  in  Belgium  to  an  extent  that  has  been  observed 
in  no  other  European  state. 

Among  the  civil  poftuhitum  trachoma  finds  a  favorable  soil  for  it«  dissemination 
in  places  where  many  men  dwell  togetlier,  hence  among  the  poorer  classes,  but  par- 
tlriilarly  in  large  public  asylums.  If  trachonm  hfis  made  its  way  into  such  an  establish- 
ment, and  no  measures  are  taken  against  its  spreading,  sfx»n  a  great  number  or  even 
aII  ilic  inmates  will  I»e  att^icked  by  it.  In  a  pauper  ischool  at  Holljorn,  the  whole  five 
hundriHl  children  sufifered  from  trachoma  (BadtT).  Hairion,  in  1840,  found  in  an  orphan 
asylum  at  Mecheln  sixty-four  out  of  si.\ty-eix  orphan  girls  affected  with  trachoma; 
in  Mons,  »event y-one  out  of  »event  y-fotir  orplmn  girls  were  sufTering  from  the  disease. 
CH»  hoard  »hip,  where  the  crew  hve  so  clo«^ly  crowded  together,  trachoma  can  spread 
quickly.  MackenyJe  tells  the  storv  of  tlie  epidemic  which  raec*d  u^xjn  the  French 
*^\r  ill  in  RTl"Hir  \P  ^^^"  ^^^^^  IKI9!  The  disgaj^e  broke  out  tiurinß  the  voyage,  and  first 
the  negroes  who,  to  tlie  nurulK^r  of  If'^,  wtre  cniwaeu  Togrincr  jn  tlic  TTolii. 
When  tiicy  t<>c>k  tlie  uniurtimate  T>x>r)le~mj  on  «ieck^  Viecau!>e  the  frcfeh  air  seemed  to 
bive  a  favoratile  mfluenre  on  titp  ripliiltulinia.  nutnv  tiirevv  themselves  overboard, 
PO  thai  they  im<l  to  desist  from  tluijig  this,  l^oon  one  of  the  sailors  aWo  was  at  Jacked, 
and  three  days  later  the  captain  and  alonj-st  the  whole  crc>w  were  taken  down  with  the 
di«e«serk>  ihai  it  il'lia  only  With  the  greatest  difficulty  that  the  ship  could  he  brought 
to  its  destipatjom  ^^ 

According  to  the  descriptions  of  that  lime,  trachoma  then  ran  a  ver>*  acute  course, 
■sd  was  attend<*d  with  profuse  secretion,  circumstances  which  explain  the  rapidity 
with  which  the  disease  spread  and  the  frequency  with  which  it  ende<l  in  blindness  due 
to  suppuration  of  the  cornea.  Now  that  epidemics  have  ceased,  these  acute  cases  are 
Tui^,  and  the  disease  has  become  comparatively  benign.  At  present  trachoma  exiata 
in  inany  countries  as  an  endemic  disease  but  mostly  «x^curs  under  that  chronic  form 
imder  which,  with  scarcely  any  exceptions,  we  now  see  it  At  the  same  time  its  preva- 
kftpe  haa  diminished.  In  1888  the  Prussian  army  ha<l  but  10  trachoma  patients  for 
frery  1,000  soldiere.  In  Austria,  in  whose  e<LHtern  provitiees  trachoma  is  still  very  prev* 
ilcot,  Ä  out  of  ever>^  1,000  were  affecte*!  with  trachoma  annually  during  the  ye^rs  1881 
to  18Ö0,  In  the  Orient  there  is  a  very  clifTerent  state  of  affairs.  Thus  in  Egypt,  even 
«I  the  present  time,  it  is  scarcely  possible  to  find  a  native  who  has  a  normal  conjunc* 
lira,  and  innumerable  people  there  are  blind» 
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Trachoma,  therrforc,  not  only  appears  undor  a  var>*inK  clinical  aspect,  soniC'iimiÄ 
acute  and  tFireat**ning,  somrtinu^  chronic  and  mild,  but  it  also  seems  to  have  changwi 
it3  character  in  the  rourse  of  time.  The  explanat^jn  of  the  way  in  wliich  this  has  oc>^h 
curred  was  affordeii  by  ihc  gliidy  of  trachoma  in  its  native  land,  Eg>'ivt,  whc*re  ophtlial^f 
mia  spgyptiaca  stiU  rages  aw  in  the  olden  time.  Investipaliona  have  shown  (Müller, 
Morax)  that  in  Egj'pt  altnos^t  every  native  öulTers  from  trachoma,  with  which  as  a 
rule  he  has  been  infected  alrt^ady  io  (*hil<lhootL  This  runs  just  as  ehronic  a  course  as 
with  UH  and  very  freqyently  jjro<lures  [janaus.  But,  in  addition,  many  of  the  nativrt 
are  attaeki'tl  during  the  hot  season  by  an  aeute  inflammation  of  the  eyes  in  the  srcrtj- 
tion  from  which  there  is  found  either  the  goiioeoccus  or  one  of  the  germs  causing  acute 
catarrhal  ophthalmia,  aad  moat  of  I  en   I  he  Koeh-Weeki*  bacillus.     It  is  cases  of  tbij 

former  kind  (hat  by  causing  suppuration  of  the  com« 
produce  the  blindness  that  is  so  prevalent  in  Er>'P 
Now  all  these  different  inflammations  of  the  eye»  wer 
lumpcxl   together  under  the  name  of  Egxptian  oph 
thalmia  and  were  regardful  as  identical  ^ith  trachon 
while^  as  a  matter  of  fact»  €>nty  the  chronic  cases 
pure  trachoma  and  most  of  the  acute  cases  are  mixo 
infections.    A  knowledge  of  this  fact  leads  us  to  suppo 
that  in  EurojM^,  too,dtiring  the  great  trac^homa  epidemica 
with  their  cases  that  ran  suf^h  an  acute  and  dangeroii 
course,  it  was  generally  a  question  of  mix  mi  infection 
being  so  either  from  the  outset  or  from  the  »uhseque 
superadd i t  ion  of  a  second  infection  (Morax) .    Howevc 
the  (Existence  of  an  acute  infiammation  in  pure  tr 
choina  can  not  be  altogi^ther  excluded.     Experiment) 
in  the  transfer  of  a  |>ure  t rachomat oils  si*rret ion  to  man ' 
have  sometimes  after  an  incubation  periml  of  S  to  10 
days  resultetl  in  (he  outbreak  of  trachoma  with  acute 
inflammatoiy  symptoms  (Addario,  Greef).  Of  animals 
monkeys  alone  can  be  infectetl  with  trachoma. 

H alberst  a >.*flt er  and  Prow^azek  regard  as  the  ejccii- 
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A  section  from  ttie  upptr  relro- 
turüttl  fo(d  in  II  reccMit  trachoiiu* 
Bbown  the  uppcrtuoat  layerit  of  Lbe 
epithelium,  Thrco  of  thi^ppithc-tial 
cells  rontiun  p&ra^iüc  ini'lu»iuns. 
In  tb*"  most  sii|;H*rfirially  placi'cl  vv\l 
ntimei  j^retty  hirjte  gratiiLkle«  form  a 
ffiiiäll  «roup  aluriKüifk^  thf  nucleus 
in  a  hng'firiiiped  cavity  which  htin 
bet-n  proiluccil  »rl  i  ft<:i  ft]  ly  by 
sbripkiaR  in  ihn  hardening  fluid. 
The  two  cells  lying  beneath  «how 
Kraniile»  of  thi»  »Hnu<  kind.  (tepH- 
mted  from  t^nch  ot  her  and  enclosini^ 
a  oftVJty  in  which  Ik'  icr&nuIeA  mii] 
mure  minute,  imbedded  in  an  irrcjr- 
tilur  (thru n ken  ground  «uhstuncc*. 
Thus  there  in  f  of  tried  a  rather  lar»?« 
«pheHcal  «iructure,  which  pushes 
the  ceil  nucJt'us  1u  one  i^ide  and 
flattcua  it< 


i 


foimd  in  the  epil  In  Ii;il  wUs  ni~  the  tnu-Iiorn^ttou.s  coi 
j u n diva  rmd  which  \hvy  i'lii  t7V  ttie  name  ut  <-li'fämy- 
doz cKjn .     in  t he  |  irö ! o| >l a^snvfjn Tie  epi t hel i a  1  ce Ü8  t  ti ere 
tirat  äf>pcar  p:rtinuli\s  which  are  a«  large  w^  ordinan» 


rocci  or  larpir,  and  which  as  tliey  nmltiph'  IxM-omc 

separated  from  each  other,  bo  that  t!iey  enclose  a  cavity 

destitute  of  g:ranuli\H  (Fig»  48  A).     In  this  cavity^  then. 

very  minute  granules  make  their  af>i>earance  which  are 

smaller  than  cocci,  and  which  stain  diflertnilly  from  the 

j^anulee  t hat  fi rst  appear r^  1 .     La 1 1 -r  1 1 1 ese  sa Ft i c  « t ru <  ti i n >s  w ere  al-n>  fi>und  in  tiphth:i  1  m ia 

neonatciruiiij  and  aimo?^t  exclusivrlT,  in  ia<  f ^  in  tiiusi^ case's  m  whu  h  1  he  seen'tion^epiij^nina 

no  ^tiiiocoeei.    FinallyTtnty  were  Ai.mi  ilisrriv<>riui  in  the  vrigihal  ,se<retKjn  of  the  mothers 

TyTlii  ^(unj^rrha  a  m  man  m  wTiich  gonoccQcci 
nrcse_cas<>s  wlIcntraiL^frTrefi  in  nionkev.^  pradtir 


m  ><nin' 
I  fniti 


ca  tly  r^;gemt)les  trurhoma  (LmtinerL     (the  granulation  renn  sen  tent  m  Fig.  48  C  is  takcttl 
from  sü(  h  a  (Müm' }^     1  i  Turm^^n vest igation  should  confirm  this  finding,  trachoma  iii| 
the  liwt  analysis  would  have  to  be  referred  to  a  ^nital  tii^^^^vst^  of  a  partieidMr  ki^ti.  and 
with  regard  to  this  fact  it  in  to  be  reti^'^mbeml  tFiat  Arlt  many  years  :mn  t.)j\  t}te  ba^i« 
of  cl i n i c al   i »bftervatjo as  assert ed   that   tracnoma   vviis  üitiiriätely  derivea  fn'tllfl   aciiie 

The  anfstomicfil  changtH  in  trachoma  ron«i.Ht  in  the  papillary  hypertrophy  of  the 
conjunctiva  of  the  tidj  and  in  the  development  of  the  trachoma  granulations.    I'ormerly 
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die  own  in  which  the  one  or  the  other  sort,  of  hy]iorrrophy  of  tJio  conjuncfiva  showed 
iUelf  wore  ff^carded  as  different  diseases,  and  acoortliriKly  a  dial  i  or  I  it  m  was  made  be- 
tw«eii  A  trac'h*>«Ui  (»apiUare  (also  callwl  idironie  hleiuiorrlm^a  or  ophthalmia  punilentÄ 
eitrcmic»)  ami  n  tnichoma  g^ranulosum  t trachoma  verum,  trachoma  Arlti,  trachoma  fol« 
Üeulare)*  The  cases  in  which  both  kio<Ls  of  ehangf\s  were  present  were  calloiJ  trachotoa 
mixtum.  At  present  Iriiohoma  is  rejcarde»!  as  a  j*ingle  rtiseiisf%  for  which  the  naine  con- 
jtmrliinlis  grantilosn  is  also  employed. 

The  pttpähry  g^rowths  which  impart  to  the  conjunctiva  its  velvety  or  ni«pWrr>'- 
liloe  ftppettlikuee  are  eaus*'«!  by  an  increase  in  »hü  of  the  surface  of  thr  hy|w*rtrophic 
ranjtmetiva.     The  bitter  is  thrown  into  foldjs,   between  whieh  correspondingly  iie<*p 


p, 


T> 


ftCcnoM  TBHOuoB  mm  Tiucsomatoüs  Cohjunctt?*  or  ram  Vrw%R  Lid.  Mittfnlfivc] 
24X1. 

"  .  P,  P,  P,  and  (arjte  onw,  P^.  Fi,  aro  found      The  former  «twnid  «iri»-  by  wd« 

udr,  ttic  dt-prupsions,  t,  t,  t,  lyiotf  tM?lwLM.-n  tbem  find  coated  with  <;pi  I  helium, 

I  'tmIs      Tht*  liiritt*  püpitlie  contiim  tnu'liomn  gmauleit,   T,  Ti,  which  hfe  not 

sfft»  a  capwuU*.     The  «»pitheliunj  of  Jh<?  ronjuncOvB  i»  in  mnny  plACM« 

Mit  i>  in  n  condition  uf  tpltular  infilrrationt  a,  which  i§  cäp^^cially  marked 

-sC'Ih,  fj,  if. 

n-il;  then  on  eros«  section  the  folds^  appear  under  the  form  of  papilla' 
B,  /*  and  P,;.  The  eonneetive  tissue  forming  the  fmpilhr  is  stuffed  full  of  round 
crij-  '■■  hr  Mtrf?irn>  of  the  iiapillic  i«  covpreii  with  a  very  iiuirh  thickened  epilhehum  [t,  t), 
whi'  Ji,  *"f  rorir-j  ,  IS  continuetl  on  into  the  depressions  (/,  /)  that  exist  betwi-en  the  papiM», 
TIji-^*  d»'prt'»sioru5  hence  have  in  niieroteopical  cross  section  the  appearatice  of  a  narrow 
ranal  roated  with  epithelium^  ami  aeciirdingly  it  was  quite  jHissible  for  them  to  be  re- 
IpiTtiod  as  tubular  glands.  And  in  fact  real,  rei>eattHlly  branching  glandular  tube«  do 
piiw  out  from  them  and  extentl  into  the  tissue  of  the  conjunctiva. 

PTtpjIl^trv  hvTif>rtmn}^v  o(  thv  conjunrtiva,  howevor,  is  by  no  means  a  characteri  st  ic 

f'Tktiire  of  trarhornu,  in  tin   Mu>r  nf  hi  niu  limitrd  tu  it  :ili>rK'.     In  a  jjss  ninrke<l  Ji'gree 

'  TTitifj   n>  (uanccMna  wuu  wcty  lont;''n!itmur«l  untniiuri  of  'tii-  cuTinjnfiivti^  as 

fii»   ruiHrrlf,  In  ronjunctivitis  <"("7.om:\Tosa  thai  has  i:istf»d  a  long  time,  in  t-etropion 

MiMKi  the  (H'rlicm  of  thv  ronjunctiva  that  i.s  exposes]  to  the  air,  after  acute  bhnnorrhcva 

irhcn  the  s«>-t*alled  chronic  blennorrha^a  has  develojied  from  it^  ete»      Papilhe  tliat  are 

^  -:    t^i«    n-  :,ri-^e<j  an«i  flat  are  ttie  distinguishing  mark  of  spring  eatarrh  (^in'  f'lg*  o^i), 

■  ■•■uti  (rrnnufffOotL^  iij^ipviir  m  mirroseopirai  cross  seciions  under  the  form 

m   iiiaini»'-!  ai^  uuudationü  uf  rells,  lietwcpn   which  a  very  delicate  connective-tissue 

fiwxi^work  can  be  made  out.    The  cells  in  the  marginal  [>orlions  of  the  granulations  are 

IvT---'"- '  '"s;  in  it5  interior  parts  are  predominantly  uninuelear  k^ococytea  {epithelioid 

o  '♦*n  which  He  a  few  particularly  large  cells  (phagocytes)  which  contain  in 

*^-      r         M »lasm  small  dcH?ply-*^taining  corpuscles;  and  in  the  connective  tissue  surround- 

lU     'm     Lirinulalion  are  formell  phtsma  cells.     The  trachomatoiLs  granulation  either 

|i«tew?t  wuhout  any  slrnrp  line  of  demarcation  into  the  surrountling  tissue,  wlvich  is  also 


Fio.  48C.— Grakülation  from  the  RsTmoTARdAL  Fold  or  a  Moskey, 

Thi*  iTionk^-y  32  dayt  befnre  had  «?reivpd  inocBlation  from  a  c»ii«  of  ophthalmia  , 
F  the  secrctioQ  of  which  contained  no  gooopocri  but  did  contain  the  inplusions  which  al»o  occur  ill 
^mnil  whicli  are  probftbly  parnwitic.  The  granidfttion  pIiowi  the  «tsmp  liistologic«!  pin:1rure  *»  # 
Kranuhitioa  in  man.  It  i»  stdl  refont  «fid  hiTJCfl  is  nnt  yet  Bbut  ofl  by  &  mpsiiJ«"  from  it»  auf 
The  central  lighter  portion,  wbicia,  in  the  section  forms  a  vertical  ovaL  connist*  almost  exclti 
epilholioid  cellft.  whik- in  the  p«mphcra,l  portion,'*  of  the  «ranulation  the  lymphoeyteu  pn^ciornini 
epith^'ttum  of  the  ci^njunrtiva  over  the  granutatioa  ha»  bpen  PTfoliated,  and  in  this  »pot  ther« 

Erodu^ed  by  diffintt'sratirm  lit  the  tixiue  a  depretjiion,  through  which  the  granulation  would 
ave  bwjD  evacuated  kter  on. 


/ 


cJr" 
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Fio.  48D. — TRAcnoMATor»  Granolatios  fbom  the  Fold  or  Transition.    Magniiiedi^ 

The  t.riirhamati}U.<i>  {tranulation,  7",  pualic?  up  the  conjunctiva  in  the  form  of  a  mouod 
{nelo«ed  by  a  layer  of  thickened  ponnociivc  tij*Kut,  the  capside  k\  The  conjunctiva  U  Infiltrm 
ootia,  both  in  its  upp<?r  Jay  er»,  a,  and  nlong  the  vefi*el«,  (/:  the  emthelium,  t,  »howfl,  abov«  t 
markend  a>  brii^ht  spotJi  which  currespoud  to  th«  goblet  cells;  at  d  it  Uruw  ooe  of  Hcale'i  slandi 

formation  in  the  c^imittttrtiva  of  tttnv^rouni^rtivp  tissue,  svhich  by  subsequent  sli 
^cotnprt"k"ei?  rue  graiiulatitm.^  itiidtfui^  milker*  iliem  vimLsli.     A  few  granidatiom 
b(!t^atiKf  I  hey  are  evaruat^  extemaLly  when  the  epithelium  that  covers  tÜ 
exfoliated  (Fig.  48  C). 
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The  a0-^allt*«i  fracf{Qma  fnixtatfi,  whirh  <rmi<*al  nhsnrvLtlinn  him  alroa<ly  slwvm  to 


crura.     1  hat  is,  ev^eii  Iri  tlu).Ht>  r^xscs  m  wfiich  p 


^onir.il  t'XjttnuLmtjiTi  to  be  almost  the 

ttsos  in  which  päpiIUü  alone  appeal'  Id 

'    '     iLS  are   fniin/f  in   pm^^  (j^jinna 

lu  the  hjniiVT  «-asp  the  puinlb^  Tiave 


mKT08Cop('  lithiT  Ivin^  A\:itiiiü  tin;  oaj^ilLe  themselveis  or  imV^etiiifHi 
n-^  of  the  mu< ' t jiTs  iikr'm!>r;tne.     lu  the  hjniier  ease  the  patnlb^  ha ve 


be  tlie_mo8t  frequent  fonp.  is  |)roveil  by  tnieroHronieaJ 
niai  is,  ev^en  in  tho.He  ra-ses  in 
sent,  trachomittogs  t;r;i.TiTJni  n> 
»8eopc  eithiT  Ivin^  A\:itiiin  thc^j 
me  mucous  ntrin!>i;nie.  In  th 
•  vcn  laiötHshapeJ  ai>peararK'e  (Fig.  48B,  P,).  In  the  second 
i^raniilation«  are  «Dnecaled  by  the  papillary  bodies»  l>eneath 
wtiieh  tlicy  Ue,  UuMi  wi>  often  ^f*c  them  coming  into  \'iew  afterward  when,  as  the  result 
of  prokitig«Nl  treatment,  the  papillary  jp'owths  liave  disappeared. 

Tlif  grlfUirmii*  trachoma  of  StellwaK  repre-^mts  a  latter  stage  of  mixe«!  tmehoma, 
ill  which  a  more  uniform  lymphoid  infiltration  exists  in  conjunction  with  Huperficial 
ricAtnetal  changes.  We  have  in  that  rjwe  a  conjunctiva  which  ia  thickened,  smooth 
on  tiie  surface,  yellowish,  and  of  gelatinous  translueeucy,  ^        ,   -Im*-»  ^^JftSmM^ 

B  C 


# 


% 


s 


i^-' 


I'ruw^r  t  ui    Fv»»rt4»*t,     Th"  fill"  «M<  «ui  from  thr  aDtcrior  edge  of  iht-  houlnr 

i'T  «?diE<»  uf    ■  »t  the  tid  I«  äharp;  tht<  »hudow  dirt^tclly 

fit  tilt'  *ul  1 1*      The  ijpptfr   coiivt'*    tMjrdfr    of   I  he* 

!''*!     llUUJi       ^ i'J,    while   thf    *trt>..Ja    I    .ii,.r    t.,...!,-..    ,^f  tht- 

:   ■  eonjuiiciiv*»  »re  mdisUoctlv  !  tud^ 

Evert*'*!.     Cicalrix  in  rhe  frui  >  iMuJ 

'»•^  normwl  lid.     Near  iIk?  po.-rt^,. ,.  .,;^ ,..    ,.,.  ,,,itrgin 

truin  wiikh  minuie  bands  pa»  utpward.  At  the  convex 
.UtiT  d<«itrfe  t»  proncnt, 
.;  id  ijpovtT  the  tarflUfl.  A»  ii  repult  of  «hnnktn«  the  hdldDOt 
.riiuutHlly,  «*>  thai  it  look»  »m  if  ii  were  derived  from  n  smaller 
tenor  etlge  ot  the  lid  marjzin,  "winsr  to  the  «hrinkiim,  baa  be«>n 
rigle.  »od  has  re»*«H|  to  be  «hari).  The  tarsal  ifurfaee  of  the  lid 
lal  line  whirh  run«  pnrnllo't  to  the  lid  timrjcin,  The  lower  part 
''if  shrunken  tamiil  eonjun<'tiv».  which  show»  minute  vertically 

.     ■  ^    :ir*c.     The  part  lyinn  »bow  the  rieatrieHal  line  i»  covered  bv  the 

i  Md  whieti  ha«  be^-n  drawn  up  upon  the  tarau«.     The  c*invei  border  of  tho  larau«,  which  looks 
,  aboir»  tn  It«  center  a  bulge  nuch  a»  froquently  occurs  id  truchoma. 


>  part*  b> 
iarcin  i»  ' 
-— i-f  4. ad  fold»  nf  . 


The  tmnsforroation  of  the  conjunctiva  into  cimlricial  iitsue  proceeds  as  follows: 
of  tlie  numerous  eelh  which  are  containefl  in  the  conjunctiva,  and  which  are 
'  uniformly  scat tertnJ  through  it  or  occur  in  eireuinseribi><l  accumulations  (trachti» 
SialtOUM  granulation?*),  diüappeara  by  resorption;  another  part,  owing  to  rupture  of  the 
irtDulat ions,  emptier  externally;  and  still  another  part  gradually  gr<i\v8  inio  spindle- 
ahiped  cells,  and  finally  into  eonnective-tisäue  libera.  Thia  new-formtxl  connective 
^sur  lihrtJikä  extremi'ly,  so  that  the  conjunctiva  contracts  and  beeoraci^  thinner  and  of 
pndinous  character.  We  have  here  a  process  oiuular  to  that  which  occurs  in  cirrhoHis 
the  liver — i.  e,»  the  shrinking  of  a  new  ci.>anective  tissue  which  U:\s  developed  out  of 
I  inflaminatorj-  infiltration.  It  would  be  a  mistake  to  »upiKise  that  in  the  trachoniatous 
iunc'tiva  there  are  raw  spotij  which  become  covered  with  a  cicatrix — a  mistake  into 
wc  might  be  more  apt  to  fall  because  of  the  term  granulations.  Wh&i  w*e  call 
»tioos  in  tj-achoma  have  nothing  at  all  in  common  with  the  granulations  of 
«,  except  their  external  appearance. 
In  the  cicatricial  trachoma,  a  hnear  cicatrix  which  runs  parallel  to  the  lid  margin 
U  oftf^i  apparent  on  the  conjunctiva  of  the  upper  lid.  This  has  a  var>'ing  signifir;ance. 
tn  the?  majority  of  cases  it  lies  quit^*  close  to  the  margin  of  the  lid  (Fig.  49  B);  it  then 
eorrvspouiis  to  the  stdeus  Fubtarsalis  where  the  infiltration  huR  gone  more  into  the 
'  parts  (page  155).    In  the  case  figured  there  was  abo  cic^*  ricial  formation  at  aa- 
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Tof  pretli lection^  namely,  at  the  convex  border  of  the  tArsuE.    In  lee»  frequ«iit 

Ihe  cicatricial  stria  lies  higher  up  (Fig.  4f)  O*  It  then  represent«  the  boundary 
ifne  between  the  conjuncliva  of  the  tarsus  antl  of  th*/  fornix.  The  tarsal  oonjuoctiva  is 
shrunk  m>  as  to  cover  but  :i.  Hmall  area,  and  the  foujunetiva  of  the  fornix  ha*  been  dmim 
up  in  part  u|>on  the  tJirsus.  It  uf  courses  is  not  intimately'  adherent  to  the  tarsus;  and 
thu8  is  explained  the  fact  that  in  .«juch  eases  the  tarsus  can  readily  be  shellecl  out  from 
the  conjtinctiva — ^a  thinpc  which  is  irapossible  when  the  conjunctiva  is  normal*  Thi» 
18  an  operation  that  ha.^  been  recommended  by  Kuhnt  [originally  by  Heiarath)  for  many 
cases  of  old  rebi^liiotL'?  trachoma. 

'rho^fffr^;^.f.  ipjfccent  cmM^s  is  lliitkenril  hy  t!ie  deiiosition^of  nuincroiL^  b  mphocyteg . 
Later  on  it  ^shrinks,  its  ^hi^ds  (both  MciböMiinM  ami  :irirH>ii<  izluiiN  rlts^ipixiirinK  atui 
nothing  being  Ufi  but  a  To_uKti  connective  iisMue_w;lurn  contains  very  few  vesacls  and 
which  8omcTimear!s  converted  to  Eilürge  extent  into  fatty  tissue. 

Pannus  proves,  upon  histological  exaniinäition,  to  be  a  layer  of  new-formed  tissue, 
which,  starting  from  the  ümbua,  spreads  over  the  cornea  (Fig.  50,  P).    It  is  a  soft  tiasue 
which  is  extremely  rich  in  cells,  ami  greatly  resembles  the  irif^lt rated  trachomalouij 
conjunctiva.     This  tisvsue  abounds  in  vessels,  and  occurs  in  allernately  thicker  andl 
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tietic'Bth  the  epithnliiMUt  E,  ^.  i»  th«  IjnibuM,  h,  jtrently  thickened  by  (M^llutrlr  ittlUtratioo:  tf%>n 
it  the  punniix.  P*  in  which  arp  perccive^rl  the  croNi  !W>ctinn8  of  »e%'t*rjtl  vesoelt», extend«  between  the  i 
theiium  und  Bowwiud'*  muwibraüe.  B,  ovcr  the  corotm,  C\     S*  aclcfa. 


thinner  layers,  for  which  reason  the  pannus  looks  uneven  and  nodukled.  Pannus, 
when  it  is  ciuitc  jjijj:>erfieial,  insinuate^!  its<4r  lietween  Bowinarr.'^  tnenibr:mo  TFig^  fiS.  ti\ 
and  the  cpillirlium  (Fi^.  50^  E),  the  I;it  tcr  bt  ing  i  hiTs  lift  rtl  oiT  tn  nn Tk>\vni:in's  mcmbrana 
and  macle  to  cover  tJiepanniiJ^,  In  such  a  i-:i>('  it  lh  pn>>ible  fur  üu'  roniett  to  rcgaig 
CO rn pit; rely  iL4  fffffffl^ll  sIrucTure  ami  triuismrenrv  utit;r  tht-  resor]i(H>n  ot  tiit^pann us, 
s i nr f  1 1  iPfl  Iht*  epitliellum  is  once  more  dirtTtly  at)i>luxl  toniowniani^  membrane.  Hut 
wht^n  the  piumus  lasts  for  a  long  time  it  <!estrt>ys  Bowtnan's  mcnibTane.  and  tjii?^  \^ 
still  iti<n-i'  l^i^^  uf  the  |cssfjc<tur  rit  f^ises  in  which  the  pannus  from  the  very  outscT 
brr.r;! rh  B(>Wifi;iri 


I 


pent't ruh's  hn.rarti  i^owitirtn  .s  nttrnbr-ine.  Later  on^  me  most  superticiai  Livers  of  the 
cornea  arc  iiilihrarect  with  a  tissut'^  ufyoundin^  in  iX'lls.  Then  the  complete  restoration 
of  the  transparency  of  the  cornea  has  become  impossible. 

For  some  forms  and  stages  of  pannus  siiecial  names  are  in  use.  A  recent  paimus, 
wliich  has  not  yet  become  thick,  is  called  pannus_teiiuis,  and  if  it  is  very  vtuseular, 
r>3inmw  vjy^rvdiKus  If  the  panmis  hiks  acf|mr€Hl  a  considerable  thickness,  it  is  then 
kiKJwn  as  ] >u n 1 1 1 isj ' r; tssii s  or  [ >|| n n n s  canitisii s .  Sometimes  the  pannus  is  so  big  that  one 
might  imagine^  ttiat  lie  was  looking  at  exuberant  granulations  (*' proud  flesh")  upon  the 
affcrtc^l  region  of  the  cornea.  This  is  pan  tins  surcorniit  osu?^.  This  adjective  is  also 
ajiplied  to  the  hypert rophied  conjunetiva,  as,  lor  exami^i%  'f^  t^"^  expression  ectropion 
Barcoitirtlosum.  It  would  be  best  to  discard  these  antiquated  expressions  altogether, 
and  especiaiiy  tht^  dt^signation  sarcomatosus,  which  can   give  rise  to  confusion  with 
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omÄta.     An  old  pannu»,  cooipuwe*]  of  connective  tissue  and  pcx>r  in 

A  Tmre  rt^WTITtVtrpnflsi'*  that  h.xs  ht*en  Qh>servf^<!  in  panni^s  Jh  a  process  of  yrloroBJg 

IB  which  thf^n^  tl»  vt  |m{.s  truiii  thepanniLs  a  dense  wiiiü^  or  yf-Hnwi^h  (issue  cüPtmliing 

V         Is,     iijisi  tissue  resetnWes  a  acniiie  si'iir.  e.  g.,  such  as  occurs  after  deep 

"^rnea,  but,  unhke  tijt*  latter,  rep1ac<*s  only  the  superficial  layers  of  the 

A  tending,  for  example,  fmni  the  vip(>er  border  to  the  center  of  thn  cornea, 

--elf  had  covered  tlie  tipper  half  ijf  the  hitter.     Another  chang<^  in  old 

in  the  develoun^^'i^t  r?f  ^^'"«^i,,  ^T^tenselv  wh ile_ s|ioLä*  which  /retiuent Jy 

i  the  pupilhirj'  reffion  of  the  cornea.    The  appparance  of  the  »pots, 

be  iJu5c  to  the  minute  blood-vessels  of  tlie  pannuB,  reminds  one  of  lead  incrus- 

1      T^*e  spots  are  superficial  in  seat,  and  may  be  removed  by  scraping  (§  45). 

tor  piteiMio'pierygium  ^  see  page  200, 

Wliat  are  Üie  cttuae^  of  j^>annua  in  trachoma?    Some  see  in  pannus  a  direct  transfer 

the  inffammatory  pirocess  from  the  conjunctiva  to  the  cornea.    Against  t  he  occurrence 

juiy  aurh  transfer  per  continuitatern,  it  has  been  urged,  and  with  jiunice,  that  that 

(fi  «»f  the  conjunctiva  which  is  interposed  between  the  retrotarsal  fold  and  the 

t  the  cornea,  namely,  the  conjunctiva  bulbi,  takes  little  or  no  part  in  the  tracho» 

iTj  »r-'Vis  procps».     Anv^ther  exphuwtion  starts  from  the  fact  that  pannus  In  trachoma 

AK  :%  ruh'  tipgins  in  the  upfter  hiilf  nf  the  cornea,  and  under  ordinary  circunisl ances Tiaa 

1^  p»ni«>n  eniireiy,  r>elore  tlie  liiweh  half  lias  Ixvn  attacked  at  alb    This  would 

tt  the  i[Pt>tir Jid.  by  reason  of  tJtt*  nmphnesÄ  of  it.^  njukirictival  surface,  causes 

II y  an  irritatuin  of  r  he  ^{p[><'^  oj^^f  ^*^  ^  oe  cornea,  and  Thus  give^  vim  to  inflam- 


k 
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It  IS  not  lo  be  douiTed  Hiat  lliJsTactor  dix^s  come  into  play  in  the  produc- 
iion  «a  j»nriniis,  l>ut  it  can  not  h^  the  only  nor  even  the  most  imp>rtant  ca\ise  of  pannus; 
(or  we  ofum  find  the  greatest  roughness  of  the  palfK'hriil  c<injuncliva  without  pannus, 
1  conversely  find  pannus  in  cases  in  which  the  jmlpebral  conjunctiva  is  almost  per- 
ly  smooth.  At  the  present  time  we  can  merely  say  that  anatomically  pannus  is 
jumk^^us  t«  trachoma  of  the  palpebral  conjunctiva;  that  it  is  a  trachomatous  affection 
ofthiLt  part  of  the  coojunrtiva  which  covers  the  cornea — i.  e.,  of  the  conjutictivid  layer 
cC  tine  comeft.  That  this  part  of  the  conjunctiva  becomes  diseased  in  trachoma  as 
riftdtly  as  the  conjunctiva  of  tlie  lids  or  of  the  fold  of  transition,  slwuld  not  excite  our 
«oader;  on  the  contrary,  it  is  more  difficult  to  understand  why  ihe  remainder  of  the 
«mjuiurtiva.  t  he  conjunctiva  sclerse,  does  not  take  a  more  active  part  in  tlie  trachomatous 
|VO0OB.  Pt?rhafjs  the  following  explanation  is  the  correct  one.  Fig.  54>  shows  that  the 
infilmtion  of  small  cells  is  partictjlarly  marked  in  the  limbus  of  the  cornea  (L),  and 
jrr  '  "  Huunisbes  as  it  evtencis  from  the  latter  over  tlie  cornea  iti^elf,  So  also,  where 
inacnjscopical  insrx-t't ion .  we  Wml  the  liinhus.  at  ihe  s^^>t  wtaere  a  rinimttsTs 
ii>  iH.iiit  of  dt*velr.[>iiii!:.  intenjjc^v^  reddenecj  and  so  greatly  swollen  thär^ometimea 
f  <  »mm  ^i^w^*'  :i  t^iirk  out^rowiliy  1 1 1'  nvi'  ttio  irri|x^Uis  to  the  lorniatmn  ol  a  f^ann  us 
to  lie  given  hy  a  trachomatous  affection  of  the  limbus.  Now,  then,  we  must 
pfOfpOund  the  foUowitig  questions:  L  Why  is  it  that  the  limbus  in  particular  is  affected 
10  tirtensely  in  trachoma?  and,  2.  Why  do(^H  the  inftammation  pass  from  the  bmbua 
to  Itie  ciomea  and  not  in  the  opposite  direction — i.  e.,  to  the  scleral  conjunctiva?  The 
firei  qtic«lion  must  find  its  explanation  in  the  fact  thai  the  limbus  is  by  far  the  most 
muscular  portion  of  the  bulbar  conjunctiva,  and  hence  the  [mrt  that  is  the  most  apt  to 
\m  iiilUmed,  ITmt  the  intlanimation  spreads  fnnii  rlie  limlMis  in  a  centripetal  direction 
— Uoit  is,  upon  the  cornea,  and  not  in  a  centrifugal  »lirection  upon  the  corijunctiva 
idenc,  Agrees  with  what  we  have  l>een  able  to  olist^rve  in  other  affections  of  the  limbiis 
and  of  the  adjacent  portions  of  the  cornea.  We  are  acquainted  with  many  diseases 
in  which  inflammatory  infiltrations  or  vessels  push  tlieir  way  inward  fmm  the  litnbus 
into  the  cornea.  Probably  this  depends  uixin  the  centrijietal  direction  of  the  circidation 
the  blood  in  the  scleral  conjunctiva.  The  arterial  vessels,  run  from  tlie  pcTipiiery 
«rikrd  the  limbus»  whe-re  they  form  a  dense  network  of  capillary  loops.  At  this  ^loint, 
the  centripetal  stream  of  blood  finds  its  liinils,  a  eirculation  of  lymph  l)egins, 
is  flirected  the  same  way  ami  enters  the  cornea;  and  it  is  in  the  same  direction 
;  iXwb  inflammatory  products  advance,  and  that  the  bh>od-vessels  which  jut  out  from 
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.^mal  loops  of  the  cornea  tend  to  make  their  way.     Fiaally»  it  Htill  remains  to 
plainetl  why  paiinus  generally  bepns  at  the  upper  margin  of  the  cornea  or  why» 
ler  words^  the  liinbus  i»  first  atTeeled  at  this  point.      If  an  eye  »s  infected  wilh  tra- 
^€homa,  the  conjunctiva  is  BOt  attarke<j  b^^  the  infertion  in  it«  whole  extent  alike,  but 
the  infeeti%'e  matter  adheres  first  to  .wme  cireiimseribed  portion  of  the  conjunctiva — 
generally  to  tlie  conjunctiva  of  the  tarsua  or  of  the  fornix,  which  la  particularly  apt  to 
be  affecttnl  with  trachoma*     Now,  there  are  two  wa^'s  in  which  the  affection  cxlh  spread 
fitnn  the  portion  of  conjunctiva  that  is  fir^l  attacked  to  other  iiarts,  namely,  by  continu- 
ity, in  which  case  it  extends  gradually  over  the  neighboring  parts;  and,  by  contiguit\\ 
in  which  case  through  contact  with  the  diseasc»d  conjunctiva  tan^i  there  l^  an  infection 
of  lhos<' portions  of  the  conjunctiva  buibi  that  lie  opiiosite  the  former,  and  especially 
of  the  lirnbu.s,  which  i.s  especially  pretli^jKiscd  to  infection.     Now,  it  ia  precisely  at  the  h 
iippfM^iTi|l|-gjj]  nC  Uio  fi-irr\en  that  ^hc  limbus  w  in  contact  with  the  coiij'unctiv'a  of  tbe  ^t 
up pcriicL  ^md  that,  toQ^  not  only  at  nijjni,  put  also  all  dr^v.  V^^iTlfj,  i]je  r-ve  Ls  opi'n^  s\i\yp 
norm  idly,  even  when  the  eye  b  open,  ihe  lipin-rmost  pru't  of  the  (vjrnea  Is  covered  V»y 
the  upper  lid.     Here,  therefore^  the  conntant  contact  that  exista  is  most  favorable  to 
an  infection  of  the  Imibus  by  the  cnseascfJ  conjunctiva  ol"  the  HJs.      That  the  rough 
conditTbn  of  tlie  latter  aÄSisfs"m  the  production  ol  tins  inleclion  is  likely.     Such  a  eon- fl 
ditinii  acts  partly  aa  a  mechanicai  irritant,  partly  by  giving  an  impetus  to  infection  B 
by  proflucing  small  multiple  lesions  of  the  conjunctival  and  corneal  epithelium. 

The  ptosis  which  abrupt  aJwaya  accompanies  trachorTia  and  which  giyes  trachoma- 
tous  patienfs  tneir  cnäratlcn^tu'  appcarantv  ls  in  many  ca^e^j  atf  nlniiablr  to  the  fact 
that  ttlö  tftl  drooos  1  because  ]{  i^  heavy.  Fitjsis,  however,  is  observed  rven  when  the 
thickening  of  the  conjunctiva  is  mcoimiderablej  or  indee*l  not  present  at  all,  and  some^ 
times  patients  come  to  a  physician  solely  on  account  of  the  ptosis,  without  having 
experienced  any  otiier  trouble  from  their  trachoma*  There  must  therefore  be  some 
other  cause  for  the  ptosii*  liejside  the  thic^kening  of  the  conjunctiva.  I  suspect  that  the 
organic  elevator  of  the  lid  fmnscolus  ir^doebrahs  suoerJijr — see  page  <314 and  Fig.  39,  t), 
whose  i^mfKit|^  muscular  hbers  lie  directly  beneath  the  re t_rotarsal  conjunctiv^a.  aharea 
in  the  JrdlainmatKMt  <vt'  t|^f  Intter  (and  in  o|der  cä.si'^jsTuirci^  ia  its  cif*atrictal  contraction), 
and  consequenllyn.>eeiime;<  jmrtdyzrd.  _  —    _ 

It  stifTTtünums  to  speak  of  tlie  position  ot  follicular  amitauilrUis  \v\\h  ro^^r^  to 
tracJioma.  The  former  is  found  chiefiv  in  young  people,  while  trachörna^  on  t,^^  gpn- 
trary,  in  very  seldtVm  met  witli  in  ejntdren.  I  he  two  di.^ca.se^  arc  ver>^  similar,  in  that  fl 
aTT*T!?rFa?Tm^TTe  fortnalions  in  both.  In  follit  uhtr  catarrh  they  V 
aharply  limited,  and  project  farther  above  tfte  surtaec  Tjrftie 
conjtinctiva;  in  traelioina  tney  are  larger^  di?stitytc  of  sliarp  ou flutes,  and  Irss  promi- 
nent. Follicles  proper  are  often  oblong-oval  (cylindrical)  and  placed  side  by  side,  in 
a  row  like  a  string  of  pearls,  while  trachomatous  granulations  arc  round  and  more 
rarely  pres^ent  any  such  arrangement  in  rows.  But  these  charactenstics  are  8ome> 
times  so  obscured  that  even  expert«  can  not,  in  many  cases,  make  thc^  tliagnosis  with 
certainty,  and  the  subsequent  course  of  the  disease  alone  affords  the  desired  informa- 
tion. Even  in  the  tiistolo^i^^a!  structure  no  thoroui2^h-KoinE  distin^iJQiLJ^an  be  found 
bet  ween  toincles  and  irachomattMi;^  tiraTiulidjims:  A  further  resemblance  between 
fof^ 
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ly mpn  iolhclt^'^ceur 
are  sfljjjllßj,  are 
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liciTTar  catarrli  and  tracTToma  consi.sti  in  tht- 


fiiet  that  they  both  chiefi^'  occur  among 
bodied  of  men  who  are  confint^i  in  a  small  space.  It  is  therefore  easy  to  understand 
that  these  two  diseas^ea  have  repeatedly  been  confoundtHl  with  each  other;  and  a  number 
of  author«,  in  fact,  explain  follicular  catarrh  aa  being  a  Idnd  of  trachoma  distinguished 
by  iUs  milciness  and  freedom  fmni  danger.  That  this  Ls  not  correct  is  obvious  from  the 
fact  that  in  follicular  catarrh  the  excitingLagtrnt  eh  a  nie  t  eristic  of  trachoma  is  not  found. 
To  the  same  efTect  are  the  obwrvatvuiLs  on  tlie  ongni  of  follicular  catarrh.  It  Is  not, 
indu'd,  yet  i^rtain  whether  follicular  catan'h  occurring  among  confined  bodies  of  men 
w  propagatetl  by  contagion,  like  trachoma,  or  is  merely  a  result  of  the  contamination  of 
the  air  by  dunt,  exhalations,  etc.     On  the  other  haml,  it  is  ijuite  salisfm-torily  estab- 

lUh(HJ  that^_undcr  cerJ-Vin  fMrriim.4tTinr^PJ^  f^lliniilor  i^nt.^rh  i^^iZirrV^-,.  »irh..nL  uj.y  j.^»- 
tagjon  willst eyerT  This  ia  the  cage  after  the  |in>lonirf||  JHwiJllatinn  n{  atropine,  which 
]»  followe<l  in  many  persons  by  the  ilevelopinc^ut  of  a  tyjjical  follicular  catarrh  with 
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-  _  _j  ff^tdee.    But  t  racboma  can  nevpr  arise  \vitbnuU-otitflgion.    A  further  and 

WOfi  import A^ut  distinct ioa  botwetm  TJie  two  ai«^a.ses  i.^  the  course.  Follimtflr  catarrh 
i»  OOl  ftiBOciated,  or  i»  aasoriatcd  txy  only  an  incont*idiTtible  degree,  with  i>apillar>^  hypej*- 
tfophjr  of  the  conjunctiva;  it  never  leads  to  shrinking  of  the  conjunctiva,  to  pannus, 
or  to  *ny  of  the  other  seqiielir;  it  is  a  disease  perfectly  devoitl  of  danger,  one  which, 
rtthout  any  treatment,  finally  gelö  well  and  leaves  no  trace  behind;  so  that  on  this 
at  alone  the  differentiation  of  the  two  diseaiM«  is  not  only  theoretically»  but  also 
rally,  of  great  ira[>ortance* 

If  a  physician  in  any  case  is  doubtful  whether  he  is  dealing  with  a  trachoma  or  a 

ealjirrh — a  distinction  which  often  cannot  be  made  in  the  first  examination, 

in  cases  of  acute  onset — he  must  denote  the  ctise  as  suspected  trachoma, 

^tjik«*  the  steps  necessary  to  avoid  the  spread  of  the  disease^  and  muHt  bcßin  the 

lU     If  this  trt"Ätment  in  a  few  days  leads  to  rapid  decline  of  the  inflanunatinn 

tion  in  she  of  the  granulations,  the  case  is  one  of  follicular  catarrh,  smce  a 

I'ould  be  much  more  obstinate.    The  right  diagnosis  can  also  be  made  if  it 

» lo  demonstrate  the  presence  of  the  exciting  organisms  of  trachoma,  but  the 

I  of  prop)erly  stained  specimens  of  these  organisms  requires  sperial  practice. 

mbly  we  must  regar<l  the  forniatinn  <af  granulations  coiiiposftl  of  adenoid 

aa  anvthmg.  at^jüLfipmlic.  t>ut  only  a^j^i  nWicuJar  form  üi  niutmn    uhirh 

Qjunctiva  of  the  eye,  like  other  mucous  memliram^,  exhibits  toward  many  iJilTerent 

'  irritants.    Such  a  formation  «f  granulations  oreura  in  its  most  [ironounred  form 

and  in  follicular  catarrh.    Fui^hrrmorr  in  t}K>  rhmnir  staM:^  whirh  foj^viys 

pa,  granulatJ9l^  in  the  n"  i<jf  r^r-;d 'foldd  ure  trmucuFh   foyrid  in~con' 

_     le  T»M[>'ll'ny  l)vijerLri>|^t|y  of  tfie  conjunctiva,  and  sometimes  in  i^uch 

tv  that  a  iTUP  trat'lioma  is  tlinught  to  be  prWent»  tlien  there  are  cases  of  t uber- 
Uj^vUvi^^f^vv  5  ^0)  wiiich  bc^in  with  an  aliiimJani  <icv<'^üorp(^  of 
^  in  t^4^\>^T^'  of  these  Rhein  has  aescribcxJ  some  exaiufkh  s,  and 
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seen  severaL     Agiun,  Goldzieher  an<i  Sattler  have  seen  c:ises  in  which 

Has  oxi  abundant  fonnation  of  granulations  in  a  eonjunctival  afft^ction  which  they 

mJetl  as  syphihtic^     In  regard  to  the  follicular  ctitarrh  prothutil hy ntropt t(f\  it  appears 

:  the  irritation  is  a  chemical  one,  and  hence  the  catarrh  disappears  when  the  atro- 

b  r**placed  by  another  mydriatu», 

N «^1  nics  resemb ling  fol lick's  riiav  al'^o  form  about  small /ort ly^fj^fV-y.  as  when 
^  hairs  or  nlant  flairs  have  go^|en  Into  ^t^y^ygjind  penetra.ted  Into  th<*  tiasug 

ti.  jvinctiva, 

A  disease  whirh  is  alo  acconipanicxl  by  granulations  ia  ParintiitiVn  l^inftrtjmu 

toTujgi^iliitiä'^^     '"  eönlni'listmction  to  t  flic  noma,  to  win  eh  it  h:is  a  slight  restnnhlanTre, 

this  almost  always  occurs  in  one  eye  only.      It  dtn-elrips  acutely  with  constitutional 

didfitrhiinrc.     In  the  highly  inflamed  conjunctiva  rcMJdish  or  yellowit^h  uranulutjona 

f.  '  rh'^s^^-  not  only  in" The  h^trotarsal  foUJ?j  but  al^>  in  the  conjunctiva  of  thelids 

I'  ][]  \\\r  cunjunctivtt  ot'  the  fyi^h;!!!.     Tlie  punuLititin^  sometimes  grow  so~  aa 

Xo  iuriiT  4 mil'*  llll^'TfTrPlT!ffgs;  m  many  cases  als^j  tlicre  are  ver>'  small  su[)erficiiil  gray- 

fumiffvl  iiWrs  in  the  conjunctiva.     A  charact<'ristic  ?^it^n  of  the  disease  is  the  swelling 

ts  (he  pn^-aitricular  lymph  gland  uth I  iti< !♦'♦'< i  xm^  \ku\*U'  tKirottd  ngion^  some- 

^^dnufi  t.>  (fi>>  hN'k>     I'lie  sw i »Hen  ghüids  rif>t  tTiir^'nurmiy  sti|^>uVa!^*   II le 

~    very  wilhin  from  a  f*Hv'wt^rKs  \o  a  icw  monttia  with  out  f)ro<lucing 

3 1  ts.    The  fev£r  at  the  beginning  of  the  diaeaae  and  also  the  ma  rk  ed 

M  i>i  ihi  lymph  glands  prove  that  the  conriition  is  an_mfectious  dijH-ijjje,^  which 

,vöuld  aiw*ribe  to  a  contagium  derivin!  from  animals.    As  a  matter  of  fact  at 

lit  mithcr  the  rausal  agent  of  the  ilisetuse  nor  the  path  of  transmission  is  known. 

Sorocwlmt  similar  to  this  disease  is  sporotrichosis  of  the  conjunctiva  (page  194). 

il»e  granulations  of  tnichonia  disappear  on  exposure  to  the  radiations  of  the 

J  tien  rayw  or  of  railium,  but  it  is  said  they  soon  come  back  again  (Birch- Hirschfeld). 

For  getting  rid  of  a  thick  pannus  many  employ  peritomij.     Thb  is  the  operation 

of  cÜ%4ibng  the  conjunctival  vessels  running  lo  the  pannus,  eiUier  by  simply  making 

i  met*tun  round  the  eorncA  through  the  conjunctiva,  or  by  excising  a  narrow  annular 


•trit»  of  the  latter. 


H 
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JequirUy  (the  seeds  of  the  Abrus  praecatorius)  has  for  a  long  time  been  in  use  in 
Brazil,  where  trachoma  is  epidemic,  as  a  popular  remedy  for  this  disease.  To  De  Wecker 
is  mainly  due  the  credit  of  having  subjected  this  remedy  to  scientific  examination  and 
of  having  introduced  it  into  Europe.  The  action  of  ieouiritv  does  not  c^ftnan^  nnon  thft 
presence  ^f  micrfM^rganisms  in  the  infusion,  as  was  originally  believed^  hu^  iinnn  an 
unorganizftd  ferment  (ahrii^^  which  is  excessively  poisonous  (mppel,  Neisser,  Salomon- 
sen,  Venneman).  A  pure  product  of  this  sort,  prepared  by  Römer  under  the  name  of 
jequiritol,  may  be  used  instead  of  the  infusion  of  jequirity. 

V.  Conjunctivitis  Diphtherica. 

16.  Conjunctivitis  diphtherica,^^  like  gonorrhoeal  conjunctivitis  and 
trachoma,  is  a  purulent  inflammation  of  the  conjunctiva  which  spreads 
by  contagion  and  the  secretion  of  which  is  infectious.  But  the  con- 
tagium  is  different  from  that  of  the  other  two  diseases,  being  in  this 
case  the  diphtheria  bacillus  of  Löffler.  The  inflammation  produced  by 
this  is  generally  violent,  and  in  the  severe  cases  is  among  the  most  in- 
tense of  any  that  are  observed  in  the  conjunctiva.  The  lids  are  much 
swollen  and  reddened,  hot,  and  painful  to  the  touch.  In  particularly 
severe  cases  the  lids  are  actually  of  board-like  hardness,  so  that  it  is 
impossible  to  evert  them,  and  scarcely  possible  even  to  open  the  palpe- 
bral fissure.  The  lymphatic  glands  in  front  of  the  ear  or  in  the  neck  are 
swollen.  The  appearance  of  the  conjunctiva  iik  characteristic  of  the 
property  that  the  diphtheria  bacillus  possesses  of  producing  a  profuse 
exudation  which  has  a  great  tendency  to  coagulate.  This  coagulation 
either  affects  the  exudate  that  is  poured  out  upon  the  surface  of  the  con- 
junctiva, and  which  consequently  clots  to  form  membranes,  or  it  takes 
place  within  the  tissue  of  the  conjunctiva.  Consequently  we  may  dis- 
tinguish two  forms  of  diphtheria  of  the  conjunctiva,  the  clinical  aspect 
of  which  is  depicted  below.  This,  however,  does  not  suffice  for  a  sure 
diagnosis,  since  the  same  picture  may  be  produced  by  other  bacteria 
beside  the  Löffler  bacillus  (see  page  176).  Hence,  a  bacteriological  ex- 
amination is  also  necessary,  and  the  more  so  because  upon  it  will  depend 
in  part  the  treatment  (e.  g.,  as  to  employment  of  antitoxin,  regulations 
to  prevent  the  transmission  of  the  disease).     [The  two  forms  are: — ] 

(a)  The  superficial  or  croupous  form.  This  is  characterized  by  the 
presence  of  a  grayish-white  membrane,  which  adheres  pretty  closely  to 
the  surface  of  the  conjunctiva,  but  still  can  usually  be  removed  from  it 
with  a  forceps.  When  this  is  done  we  find  the  conjunctiva  beneath  to 
be  greatly  reddened  and  swollen  and  in  some  places  bleeding,  but  we 
notice  no  great  losses  of  substance  in  it.  The  membrane  which  we  have 
detached  consists  of  a  minute  fibrous  meshwork  of  clotted  fibrin,  in 
which  pus  corpuscles  and  a  few  epithelial  cells  from  the  conjunctiva  are 
imbedded.  The  croupous  membrane  covers  the  tarsal  conjunctiva; 
more  rarely,  the  retrotarsal  fold  and  even  the  conjunctiva  of  the  eyeball. 
In  most  cases  after  from  one  to  two  weeks  the  membrane  gradually  dis- 

1'  From  ßi4»t*epa,  a  membrane. 
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The   eye   now  merely   presents   the   condition    of   an  intense 

ml  inflammation  wliieh  gets  well  without  leaving  any  permanent 

ea  in  the  conjunctiva.     In  severe  cases  the  disease  is  complicated 

iih  corneal  ulcers,  which,  however,  but  rarely  lead   to  extensive  de- 

ruetion  of  the  cornea. 

(b)  The  deep  form  {dipkiheria  of  the  conjunctiva  in  the  narrower 
mtose).  This  runs  a  much  more  stTious  course  than  does  the  superficial 
fornip  as  in  order  for  it  to  occur  the  exudate  must  coagulate  while  still 
within  the  tissues  of  the  conjunctiva,  so  that  the  vessels  are  compressed 
by  it,  and  the  mucous  membrane  consec|uently  is  rendered  rigid  and 
bloodless  and  falls  a  prey  to  necrosis.  Hence,  on  everting  the  lids  we 
ad  beside  the  marked  swelling  and  redness  of  the  conjunctiva  spots  in 
ich  the  conjunctiva  is  somewhat  depressed,  smooth,  and  of  a  grajish- 
How  color,  and  often  contains  a  few  dirty-red  speckled  markinp 
rchymoses).  In  the  severest  cases,  either  a  very  large  portion  of  the 
E^njunctiva,  or  even  its  entire  surface,  acquires  this  character  and  is 
liformly  gray  and  hard,  just  as  it  is  after  being  intensely  cauterized, 
g.^  by  the  action  of  lime.  The  Ijinph  glands  in  front  of  the  ear  and 
also  those  in  the  neck  are  swollen  and  painfuh 
The  condition  just  described,  which  develops  rapidly  after  a  short 
eriod  of  incubation,  is  called  the  first  stage  of  the  disease,  or  stage  of 
ji^tration.  It  keeps  up  for  from  five  to  ten  days,  according  to  the  ex^ 
^nt  of  the  diphtheritic  process  upon  the  conjunctiva.  Then  the  spots 
diphtheritic  iniiltration  \w^ii\  gradually  to  disappear.  Where  the 
ifiitration  is  not  so  very  dense,  resorption  of  the  exudate  occurs,  but 
lho(3e  spots  from  which  the  circulation  has  been  altogether  cut  off 
the  infiltration  and  the  tissue  has  consequently  mortified  the  necrotic 
[)rtions  slougli  away.  Thus  are  produced  in  the  conjunctiva  losses 
substance,  which  soon  become  covered  with  granulations  such  as 
i>ver  a  raw  surface.  Meanwhile  the  secretion  has  become  more  abun- 
mi  and  more  purulent,  for  which  reason  this  second  stage  is  character- 
^i€<l  as  the  stage  of  blennorrhaa.  The  third  stage  is  that  of  acatHsation, 
'  in  which  the  granulating  surfaces,  that  are  produced  hy  the  sloughing 
I  off  of  the  gangrenoas  portions  of  the  conjunctiva,  gradually  grow  smaller 
^^tid  are  covered  over  with  a  new  epithelial  lining,  8ince  the  latter 
^Hhange  is  effected  by  a  drawing  in  of  the  nelghlionng  conjunctiva,  the 
^BDHjunrtival  sac  as  a  whole  is  contracted:  frequently»  too,  in  single 
^BK>tB  adhesions  are  produced  between  the  conjunctiva  of  the  lid  and 
^Bat  of  the  eyeball  (Symblepharon).  The  more  extended  the  diphtherial 
^^TOceÄs  the  more  striking  is  the  subsequent  cicatricial  contraction  of 
Jhe  conjunctiva.  As  a  result  of  it  trichiasis,  cicatricial  entropion,  or 
iren  xerophthalmus   may  subsequently  develop. 

The  deep  form  of  diphtheria  is  much  more  severe  than  the  croup- 

3,  not  only  in  regard  to  its  effect  upon  the  conjunctiva,  but  also  in 

respects.     Hence  the  cornea  is  much  more  frequently  and  much 

seriously  affected.     The  greater  the  extension  of  the  diphtherial 
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process  upon  the  conjunctiva  the  more  certain  is  corneal  suppuration  to 
occur.  If  the  entire  area  of  the  conjunctiva  is  infiltrated  and  rigid  the 
cornea  is  probably  always  irretrievably  lost. 

The  general  condition  of  the  little  patients  is  very  much  disturbed. 
They  have  high  fever  and  are  greatly  prostrated.  Weakly  children  not 
infrequently  succumb  to  the  severity  of  the  general  disease.  The  prog- 
nosis, therefore,  in  the  severe  cases  is  very  serious,  not  only  as  regards 
the  eye,  but  also  with  respect  to  life  itself. 

Etiology. — That  the  two  forms  just  described,  which  differ  so  much 
in  their  appearance  and  course,  are,  nevertheless,  the  same  disease, 
namely  diphtheria,  is  proved  from  the  fact  that  Löffler's  bacilli  are  found 
in  the  conjunctival  secretion  in  both.  Often,  too,  the  patients  present 
other  important  and  undoubted  diphtherial  affections.  Small-sized 
diphtherial  patches  are  frequently  found  at  the  edges  or  angles  of  the 
lids,  the  nostrils,  or  the  angles  of  the  mouth;  sometimes  even  there  is  a 
fully  developed  nasal  or  pharyngeal  diphtheria. 

Diphtheria  of  the  conjunctiva  is  mainly  observed  in  those  coimtries 
where  diphtheria  of  all  sorts  is  a  frequent  occurrence,*'  and  occurs  es- 
pecially at  times  when  an  epidemic  of  pharyngeal  diphtheria  is  prevail- 
ing. It  can  often  be  proved  that  children  affected  with  diphtheria  of 
the  conjunctiva  had  previously  been  thrown  with  others,  who  soon 
afterward  developed  pharyngeal  diphtheria;  and  such  children  may 
themselves  in  their  turn  spread  the  disease  to  others  still.  The  predispo- 
sition to  diphtheria  diminishes  with  the  age.  Consequently,  diphtheria 
of  the  conjunctiva  usually  attacks  children,  and  most  frequently  those 
between  the  second  and  eighth  year  of  life.  Adults  are  only  exception- 
ally attacked,  and  then  generally  by  one  of  the  lighter  forms. 

Treatment. — In  the  severe  cases  of  diphtheria  of  the  conjunctiva 
the  injection  of  antitoxin  is  indicated.  The  injection  is  best  made 
beneath  the  skin  of  the  lids.  In  addition  the  serum  is  often  instilled 
into  the  conjunctival  sac.  In  the  lighter  (croupous)  cases  we  may 
content  ourselves  with  employing  local  treatment  alone.  In  the  first 
stage  of  the  disease  this  is  chiefly  limited  to  careful  cleansing  of  the  eye, 
for  which  purpose  the  best  thing  for  us  to  employ  is  a  weak  antiseptic 
liquid  (beside  solutions  of  corrosive  sublimate  and  potassium  perman- 
ganate, a  solution  of  quinine  is  particularly  recommended).  Cold  com- 
presses, which  would  seem  to  be  indicated  by  the  great  swelling  and 
redness  of  the  lids,  must  be  applied  only  when  the  conjunctival  circula- 
tion is  not  too  seriously  embarrassed  by  the  diphtherial  infiltration. 
Otherwise,  it  is  better  to  employ  warm  compresses  which  by  dilating 
the  blood-vessels  increase  the  circulation.  As  regards  the  conjunctiva 
itself  Fieuzal  has  recommended  painting  it  with  lemon  juice;  and  paint- 
ing it  with  strong  sublimate  solution  (1 : 1,000)  either  directly  or  after 
the  removal  of  the  membrane,  if  present,  is  highly  spoken  of.     Except 

"  [In  America  severe  cases  of  conjunctival  diphtheria  are  of  rare  occurreoce. — D.] 


» 


DISEASES  OF  THE  COXJUNCTIVA.  175 

se  there  is  no  object  in  removing  the  membranes  in  the 
erou|>aus  variety,  since  these  at  once  reform*  When,  after  separation 
of  the  membranes  or  the  sloughy  the  conjunctiva  has  become  strongly 
eaogested;  soH^  and  succulent,  and  the  secretion  begins  to  be  abundant, 
we  may  commence  the  appUcatkm  of  a  nitrate-of-silver  solution,  by 
me&a»  of  which  we  bring  the  swollen  conjunctiva  more  rapidly  back  to 
its  itornml  state.  In  so  doing  we  mu^st  at  first  proceed  with  great  caution, 
use  a  pretty  weak  solution  (one  per  cent)  and  discontinue  the  applica- 
tion at  once  if  membranes  or  de^p  infiltrations  once  more  develop. 

We  keep  on  making  the  applications  to  the  conjunctiva  as  long  as 
the  latter  is  red  and  swollen  and  discharges  a  copious  secretion.  If  in 
the  deep  form  after  the  subsidence  of  the  disease  partial  necrosis  and 
sloughing  of  the  conjunctiva  have  set  in^  we  try  during  the  subsequent 
n**nod  of  cicatrization  to  oppose,  bb  far  as  possible,  the  fonnalion  of  ad- 
JM-ions  between  the  lids  and  the  eyeball  (doing  this  by  frequently  draw- 
ing the  lid  away  from  the  eyeball  or  by  laying  a  pledget  sc>aked  in  oil 
between  the  two),  for  adhesions  once  formed  can  be  removed  only  by 
ail  operation.  Complications  affecting  the  cornea  are  to  be  treated  ac- 
cording to  the  rules  that  will  be  given  further  on  for  purulent  inflam- 
amtion  of  the  cornea  in  general. 

All  operative  procedures,  whether  upon  the  cornea  or  uptm  the  lids^ 
«should  be  avoided  in  the  first  stage,  as  the  wounds  thus  produced  gen- 
emlU^  become  diphtherial  too. 

In  consideration  of  the  very  infectious  character  of  diphtheria,  our 
.special  aim  must  be  prophylasts.  Accordingly»  we  remove  from  the 
\icinity  of  the  patient  all  persons  who  are  not  indit^ipensably  necessary 
for  purposes  of  nursing:  but,  most  of  all,  we  insist  upon  the  removal 
of  children,  as  these  are  particularly  susceptible  to  infection.  If  diph- 
theria has  attacked  only  one  of  the  patient*.s  eyes,  the  other  must  be 
protected  against  infection  by  a  carefully  applied  occluding  bandage, 
jttst  m  in  gonorrhoea!  conjunctivitis. 

The  persons  who  have  charge  of  the  patient  must  be  particularly 
enjoined  to  cleanse  the  hands  carefully  after  touching  the  diseased  eye, 
to  di«troy  at  once  the  materials  employed  in  cleansing,  etc. 

We  owe  the  first  exact  description  of  conjunctival  diphtheriÄ  to  von  Graefe,  who. 
tfi  (^irfin,  h*d  an  opportunity  of  aeeing  nmny  cases  of  this  disease,  HU  description 
i«^tes  to  the  deep  variety,  of  which  he  distinguishes  two  groups  of  esses.  In  the  first 
gfoap — that  of  diphtheria  en  plaquea — const  it  uteci  by  the  lighter  cases,  the  diphtherial 
spoU  in  the  conjunctiva  are  found  under  the  form  of  large  or  small  islands,  which  occur 
eopeetaJly  on  the  ronjimctiva  of  the  lids  and  between  which  lie  areas  of  tissue  that  is 
MM  m>  much  diseased.  In  the  severer  cases,  on  the  other  hand,  the  diphtherial  foci 
npidly  coalesce,  so  that  the  entire  conjunctiva  becomes  rigid  and  bloodless  (confluent 
di^tbenJi). 

After  l-jftffler  had  discovered  in  the  membranes  of  pharj'ngeal  diphtheria  the  bacillus 
Ihal  tiears  hia  name,  it  ivas  soon  after  sshown  to  be  present  in  diphtheria  of  the  con* 
jimctiva  alao  (Babes,  Kolisko  and  Paltauf,  and  othens).  On  the  other  hand,  no  one 
0U]»pcNint]  that  the  cases  in  which  a  membrane  forms  upon  the  conjunctiva  must  aläo 
be  regarded  as  diphtheria  until  the  presence  of  the  L<*fFIer  bacillu»  wjui  demonstrated  inj 
I  (firat  by  Gallemaerts).     The  same  thing  occurred  in  this  case  as  in  that  of^ 
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pharv'ngfal  diphtheria  antl  larj^ngeal  rroup,  wliose  c-tiological  ideotity  was  long  uiv* 
reroKnized,  It  h  supposed  that  menihrarioim  inflamniation  of  a  mucous  membnmc 
inijtliea  a  feebler  actioo  of  the  diphtheriji  bacilli  than  does  diphtheritic  inflanimatioa 
proper^  the  cotuparatively  slight  efteci  of  the  bacilli  in  the  former  case  being  due  eith 
to  their  having  \mt  their  virulence  or  to  the  patient's  being  more  refractory  to  thtf 
infltience.  But  apart  from  thk^  the  severity  uf  tiie  inflammation  is  inliuenced  by  the 
fftf^f  timt.  bpyijg  |(|p  f.f^fflf>]'}>f^f>;ilii^  other  germs  opur  uu  tiig  iiitlameil  conjunctiva, 
Hitch  03  the  ^^t^i^j^ytotiF^^^*^  aiMJ_^>-JTm^irtri^4^f*u>j  In  fart  f }n>^rn^pun-nmis  nv  uAplf  ia 
eompeteni  to  pf^durf^  a  disi^jiAf»  i>f  t]^>  cUnicai  aspect  üTooiijunf  nV!l[  flipinUt^flU;  and 
in  my  ciuuc  iunniWy  the  aevert^st  ciuse^  wereThiMt*  m  wmen  »he  ^nypTonxcus  atom?  wag 
presc n i.  rne  sngttter  or  rn]U|KHLs  rases  t>eing  aisaociuted  with  ttie  ]^^^tl1e^  l>aiv>lli.  ^i ch 
<>aHft^-TTf  mH'^'^p-  ^treptoeoi'^'iis  eon  June  ti^^tJg  ^re  found,  iiartirtüariy  in  children,  l^aj 
res ult  of  the  artite  exanthemata  Vniall-[jox,  me^iujles,  and  scarlet  fever),  which  may 
thus  caiis^bhndnpss.  _^^  ■  -    — 

i^roupous  MernbTArres  on  the  Conjunctiva.     Croup  and  diphtheria  are  prima- 
rily anatomical  t^ßwifs  denoting  definite  forms  of  inflamniation.    Croupous  inHanuiiatioi 
is  charactßPt«^  by  tlie  deposition  of  an  exudate  ui>on  the  avtrface  of  a  tissue,  where, 
Iwi30«gulation,  it  hardens  into  a  membrane.     The  essence  of  the  diphtheritic  infiai 
fmtion.  on  the  contrary,  conjjists  \n  the  exudation  of  a  great  timm  of  material  witk 
the  tissue  itself,  with  couÄCcutive  necrosis  of  ilie  lader.     Diphtheritic  tnflanimati 
Efiay  be  regarded  as  a  croupous  inflammation  carried  to  a  higher  pitcli,  in  so  far  as  t 
same  injurious  caiLse  may,  when  acting  to  a  slight  extent,  produce  a  croupous,  whei 
acting  to  a  greater  extent,  a  diphtheritic  inflaniniiition  of  the  mucous  nientbrai 
Sourdille  has  demonstrated  experimentally  that  by  painting  the  conjunctiva  \\i 
ammonia  one  can  at  will  prmiuce  either  the  croupous  or  the  diphtheritic  form  of  inflar 
mat  ion,  according  to  the  intensity,  greater  or  less,  witli  which  the  agent  is  applied«! 
We  meet  witli  the  same  experience  in  our  medical  practice,  when^  by  making  too  stroii 
or  too  frequent  applications  of  the  silver  solution  to  an  inflamed  conjunctiva,  we  pn 
duee  a  croupotis  coating  up<jn  it,  and  tlien,  in  spile  of  this  result,  keep  on  with  tbri 
application.    In  this  case  a  diphtheritic  inßammation  with  partial  necrosis  of  the  tissi 
will  ensue.     Chemical  irritants  of  an  organic  nature  may  I  »ring  alxiut  the  same  result, 
Thus  the  repeated  apphcation  of  the  jeciuirity  infusion  produces  first  a  croupous,  after- 
ward a  diphtheritic  inflammation.     And^  furthermore,  the  same  thing  holds  good  for 
many  of  those  inflammations  of  the  conjimctiva  that  are  caused  by  micro-organism8^^| 
Thus  in  an  gonorrheal  Conjunctivitis,  when  the  inflammation  attains  a  high  degree  of^l 
seventy,  either  a  croupoiLs  coating  or  a  diphtheritic  inllltralion  of  isolate*!  portions  of  the 
conjunctiva  may  be  ol>served,  and  such  cases  are  often  regarded  as  genuine  diphtheria 

Accordingly,  the  same  clinical  picture  —e.  g.,  that  of  a  iiiphtheritic  conjunct ivitij 
may  be  produced  by  the  most  varioiLs  kinds  of  pathogenic  agents,  l>oth  of  a  chemicj 
and  a  parasitic  nature;    and,  on  the  otiier  hand,  the  sanio  pathogenic  agent — e.  g. 
the  Löffler  bacillus — may  give  rise  to  a  variety  of  clinical  pictures — i.  e.,  to  both  croupoua 
and  diphtheritic  inflammation  and  in  exceptional  cases  to  nothing  more  than  a  very 
slight  conjunctivitis  having  the  aptx*iirances  of  a  catarrhal  inflammation. 

It  is  n"*t  tenable,  therefore,  as  has  hitherto  been  done,  to  employ  the  expreasions 
croup  and  diphtheria  of  the  conjunctiva  both  to  characterize  certain  anatomical  changes, 
and  also  to  denote  definite  types  of  disease,  each  of  single  etiolog>%  With  regard  to 
the  expression  diphtheritis,  I  have  atlhered  to  Roser's  proposition,  using  the  word 
diphtheritis  as  an  anatomical  term  for  that  variety  of  inflammation  in  which  the  exudate 
undergoes  coagulation  within  the  tissue  itself.  On  the  other  hand,  diphtheria  and 
diphtherial  are  used  in  an  etiological  sense  to  denote  those  affections  which,  wliatever 
appearance  they  may  present,  are  caiLseil  by  tlio  Lfiffler  bacillus.  The  expression  croup- 
ous conjunctivitis  should  be  used  simply  as  an  anatomical  term. 

Formerly  most  of  the  spcmtaneously  de^^eloping  conjunct  i  vi  tide«  that  were  asso* 
ciated  with  the  formation  of  a  membrane  were  comprehended  under  the  terms  con- 
junct fntis   rrupoHa  or  membra  nan  a,  and   fhought    to  constitute  a  single   independent 
disease.     But  recent  bacteriological  investigations  have  ahowm  that  the  most  vi 
pathogenic  agents  kiay  give  rise  to  the  formation  of  a  membrane  upon  the  coujunctivj 


DISEASES  OF  THE  CONJUNCTIVA. 


17: 


I 


VL  Conjunctivitis  Eczematosa.'* 


»*  tSynony"»»*  ronjiiuctrviUf  lymphftticA  (»crofulosa»  pblyct«Miu1a^,  puatiilotia,  exanthematica)» 
onnjitneiive  iStellmrtig). 

12 


Am  UiT  mB  w  mi  present  known«  a  croupous  conjunctivitis  may  originate  from  the 
fottonrsiKg  onia«: 

(«>  Spanttiiuoudtj  developing  crouix)ua  cünjunctivitiB.  This  usually  runs  an  acute 
miarwp,  and  is  the  Rimi  thai:  waw  lairneny  ap?(Tif>Ri  under  t!ie  name  of  conjunctivitis 
crupottfc  as  a  distinct  di,^^a,se.  W'v  have  st^<*n  above  that  a  part  of  these  cases,  being 
fmUBcd  by  the  Löffler  hacilkis.  are  to  be  atlribiited  to  diphtheria.  Tliis  knowledge  is 
ptBCtirally  imjxirtant.  i:>ecau«e  we  now  know  that  even  these  apparently  light  cases  of 
eoi^unrtiviti»  may  by  transfer  to  others  pnwiuce  ae%'ere  diphtheria  of  the  conjunctiva 
or  of  ibe  pharynx,  and  that  we  must  consequently  apply  to  them  all  cuatomar>'  pre- 
csittiofian'  measures. 

Ooupous  inflammations.  Bometimea  of  a  serious  characterise  caused   by  the 

tin»  caaos  that  run  a  ligtit  course  iH'l<»ng  ;ilsu  tiuj^e  of  arure  I'^i^rarrL.  tluit  are  pnrtlured 
bythf^  IjtaTiIlus  of  \y<^B  :in<riiro  ng,^cjj'|f|rf*el  wiUi  tlio  foriiml  iT7[>  »f  rneinhifme  (Alorax); 
mud  that  tfie  conjurjiTivins  Cüuse^i  by  the  gonocnetimimt  infnffucrilly  jsIiqwb  tricm- 
booe  formation  hu^  rtlroady  l>ef'n  sta»od  :thove.  Ä  severe  form  of  conjunctivitis  wit h 
mnmbShe  is  raiUi^^d  hV  Uip  tiiru.sli  timgus  (Pjrhler),  - 

To  Tht*  <\t.sts  lit  t[UTiii)rane  lommtion  upon  tlie  conjunftiva  jhaf  piirsue  a  more  |f| 
dbffiwic  ec>ur^e  ^»etong  tnc  very  rtj^rnsTanre?*  of  fierfycs  in^ofTu^onjunvUva,  Tln^se 
klt«i'''£&ti  rwiiniy  ]>o  uiagnixsiUuied,  provided  the  charartenstjc  examnem  of  herpes 
irii  («  central  reddened  or  pigmented  area  of  skin  Hurroimded  by  a  wall  of  vesicles) 
ii  «Ik>  to  be  foimd  upon  the  «kin.  Thi»,  however,  is  not  always  preterit.  Scmietinies, 
too,  a  formation  of  membrane  like  tliat  upt>n  the  conjunctiva  occurs  upon  the  mucous 
niMnbrane  of  the  mouth.     In  some  case«  the  disease  recurn  fre<|uent!3% 

Furthermore,  there  have  lieen  descrilied  cases  of  membrane  formation  upon  the 
eoti|Ufirt}%^a  which  were  peculiarly  chronic  ca^^e«  -lai^ting  for  months,  or  even  years — 
the  nature  of  which  ia  still  doubtful  (.\rlt,  Hulme,  Morton,  and  othere). 

{b)  By  t he  appli<'ation  to  it  of  external  irritants  of  a  chemirat  tuilurti^  t he  con jimct iva 
may  take  on  an  miiammat ion  witfi  meinhrane  formal ioti.  As  already  mentioned,  such 
irrr*  ^ances  include  bodies  both  inorganic  and  organic,  like  ammonia,  niirat^e- 

of-y  I  '  ion,  and  je«iuirit  v  infmion. 

tr.t         ^         ruhAtaTice  m  the  conjunctiva  (and  the  same  thing  is  seen  in  other 
u*i?i  very  so<»n  become  covered  with  a  membrane  of  coagulated  librin, 
which  the  healing  of  the  wound  proceeds.    This  proce«sa  is  obeerr^ed  after  opera 
(a,  g.,  tenotomy),  injuries,  and  also  spontaneously  developing  wound^^ — as,  for 
ezainple^  those  occurring  aft^r  rupture  of  pemphigus  vesicles  (see  page  188)» 


17.  Symptoms. — In  its  simplest,  typical  form,  conjunctivitis  ec- 
xematosii  presents  the  following  picture:  A  little  red  eminence,  of 
about  the  size  of  a  millet  t^y^i.  (level  or^s  at  some  pomt  upon  the  lim  bus 
of  the  conjunetiya.  Tm^iTtlie  eßforescence  (Fig.  51).  In  the  beginning 
it  iH  ronical,  its  apex  being  covered  by  the  epitbelium  of  tbe  conjunctiva. 
In  a  short  time  the  epithelium  at  the  sum  nut  of  tbe  efflorescence  sepa- 
ra|ff.  and  the  tissue  thlitlay  benefit  li  it  breaks  down,  so  that  the  apex 
oftne  rnne,  so  to  speak,  melts  avvuy;  and  tbe  cone  itaelf  hesirs  nr|_its 
top  H  piinuly  gj-pv  ulcer,  which  thus  lies  above  tbe  level  of  the  neii^hbor- 
ing^  DCalthy  eonjunctiva.  By  a  continuation  of  the  breakin^-dywn 
pfoeess  the  cone  at  h*ngth  disappearsTcntijely,  the  ulcer  sinks  to  the 
fevel  of  the  conjunctiva,  and  speedily  iK*comes  clean  and  then  covered 
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with  epithelium.  Thus  the  ulcer  heals,  without  a  visible  mark  being 
left  upon  the  conjunctiva. 

As  the  efflorescence  springs  up,  the  adjacent  part  of  the  conjunctiva 
becomes  hyperamic,  the  injected  vessels  being  directed  from  all  sides 
toward  the  little  nodule.  Hence,  the  reddened  portion  of  the  conjunctiva 
shows  the  form  of  a  triangular  sector,  the  apex  of  which  lies  |p'  the 
limhiig  fi^q  ^nrrfijjDoncIs  to  the  noQule.  The  remainder  of  the  con- 
junctiva  is  perfectly  free  from  congestion.  ~ 

The  simplest  type  ot  conjunctivitis  eczematosa,  therefore,  consists 
in  the  formation  of  a  sharply  circumscribed,  nodular  exudate,  to  which 
there   corresponds   an   injected   district  of   the   conjunctiva.     Conjunc- 


FiQ.  51. — EczEMATous  EFFLORESCENCE  IN  THE  LucBUB.    Magnified  62  X  1. 

The  sclera.  S,  i«  distinffuished  by  its  more  delicate  fibrillation  and  its  blood-vessels  from  the  mor« 
homogeneous,  non-vascular  cornea,  H.  The  nodule  is  situated  at  a  point  corresponding  to  the  boundary 
between  the  two  membranes  but  more  over  the  sclera  than  over  the  cornea.  It  consists  of  densely 
packed  round  cells,  between  which  the  blood-vessels  are  recognizable  under  the  form  of  lighter-colored 
stri».  In  the  vicinity  of  the  nodule  the  vessels  of  the  conjunctiva  (c)  and  episdera  («)  are  bordwed  by 
extravanated  leucocytes.  The  epithelium  (E)  of  the  conjunctiva  is  bulged  forward  by  the  nodule,  and 
at  the  apex  of  the  latter  is  thinned,  and,  owing  to  the  penetration  of  the  round  cells  mto  the  epithelial 
layer  itself  has  lost  the  sharp  border  ordinarily  existing  between  it  and  the  conneotive  tissue. 


tivitis  eczematosa  is  hence  a  focal  aflFection  of  the  conjunctiva  of  the 
eyeball,  and  is  thus  distinguisnea  irom  all  IB6  Väfißlies  oi  coAjunctival 
inflammation  hitherto  described,  which  are  diffused  inflammations,  in 
that  they  extend  in  a  uniform  fashion  over  large  sections  of  the  con- 
junctiva. 

The  clinical  pictures  which  conjunctivitis  eczematosa  actually  ex- 
hibits present  modifications  of  the  simple  type  above  described  which 
differ  most  widely  from  each  other.     These  modifications  concern — 

(a)  The  number  of  the  efflorescences.  It  is  rare  ^hat  we  find  but 
one  of  these;  generally  there  are  several,  and  not  infrequently  a  good 
many,  present  at  the  same  time.  The  fewer  they  are,  the  larger  they 
generally  grow;  in  rare  cases  they  attain  almost  the  size  of  a  lentil. 
Where  there  are  many  nodules  present  they  are  small;  often  we  find  the 
entire  linibus,  or  even  the  cornea  itself,  covered  with  very  minute  emi- 
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ß,  so  that  the  eurfac^  of  the  eyeball  looks  as  if  fine  sand  hat  I  been 
,.  rum  over  it.  Such  \^ry  »small  nodules  commonly  disappear  in  a  few 
Bx-B  by  resorption, /without  any  preliminary  disintegration.  When 
BuUiple  effloren^cenees  are  present,  the  injeeted  portions  of  tlie  bulbar 
Onjunctiva  Ixlnoginy;  to  tlte  separate  nodules  becyuiie  eoniJueiit,  and 
]ie  conjunctiva  then  aPDoars  redclenecj  all  wer,  so  that  the  focal  char- 
Cler  of  the  disease  is  obscun  d,  and  declares  iti^elf  only  by  the  presence 
pparate  nodular  exudates.  So»  too,  when  the  inflammation  is  great» 
ebral  conjunctiva  also  participates  in  the  injection,  so  that,  in 
t,  conjunctivitis  eczematosa  is  no  longer  an  affection  limited  to 
!  buTfuar  conjunctiva, 
(b)  The  y/(fjLof  the  efflorescences  may  lie  not  only  in  the  limbus  itself, 
It  ako  exterior  to  the  latter,  in  the  anterior  segment  of  tiie  bulbar  con- 
cietiva,  and  likewise  interior 
the  iimbusi  in  the  cornea 
r>lf._  In  the  latter  the  small 
:ny  nodules  are  situated  in  the 
mo^t  superficial  layers  of  the 
»rnea  (Fig.  52),  By  the  break- 
down of  the  nodule  there  is 
rduced  in  the  cornea  a  very 
ballow  loss  of  sul)stane^»  which 
leaves  scarcely  any  opacit>  . 
flen,  however,  the  affection 
&uines  a  more  serious  form 
urn  the  fact  that  the  exuda- 
[)ns  have  a  tendency  to  spread 
f  her  in  the  cornea,  extending 
Jtht^r  into  the  depth  of  the  latter 
along  it«  surface.  If  the 
Itration  extends  through 
lan's  membrane  into  the 
ftchyma  proper  of  the  cor- 

an  ulcer  is  proikiced  by  its  disintegration,  which  penetrates  more 
pply  and  can  even  perforate  the  cornea.     In  that  ciist%  after  the  ulcer 
a  permanent  opacity  remains. 
(r)    The   corneal    ulcers   which  result  from  the   efflorescences  may 
aBBunie  a  serpiginous  character — that  is.  tliev  may  spread  bv  a  sort  nf 
*i*f*pmg  process  along  the  surface  of  the  cornea.     In  this  way  is  pro- 
\ur*^\    the  va^scular  Jascicidus  (Fischer),   which,  is   also  called    keratitis 
eciciiTarLS.      i ma  atf'ectiun  begins  by  the  development  of  a  small  ulc^r 
Lit  of  an  efflorescence  at  the  rim  of  tlie  cornea.     After  some  days  this 
llcer  becomes  clean  in  its  peripheral  half— that  is,  in  the  part  turned 
[)ward  the  corneal  rim.     At  the  same  time,   in  accordance  with   the 
iinary  behavior  of    regressive  corneal    ulcers,   blood-vessels    develop^ 
rhieh  run  from  the  limbus  to  that  edge  of  the  ulcer  which  is  healing. 


After 


FiQ.  52.— EFFLoncflCEsics  tn  twb  Cosnka, 

The  efllorrBceDcf?  which  is  two  days  old  coimiiit«  of 
A  dvpo«itioQ  of  leucocyte«  in  a  Aeries  of  rown  bciwcon 
the  fiijpc'rßciHi  laacllue  of  thi*  rorii>>a,  which  in  atten- 
uated form  arealill  lo  b*?  reroifnii^fd  bcrtwecn  tlie  cd Ij. 
Over  the  right  side  of  th»»  ucpiimulatioD  FiowinunV  mem- 
brane hdtf  a  gftp,  nudl  tb«  «)iot  in  the  iu6ltr&te  lying  just 
iMDi-üfh  thispoinl  no  b>n»rer  nhftWH  uny  nurk'nr  stainiiiif. 
S'lll  tuori;  widcupreitd  is  the  ne-pro»ii*  in  the  epiehHjtim 
which  for  almoBT  the  entire  evr^'ti I  of  thr  '    "nin 

i*  tranftformed  into  a  nia*»*  destitute  of  u  .,.[] 

nuclei.     Thii»  the  dininteijürHliot}  ni  the   .  ,   ,-  i^ 

preparing  the  way  for  thü  formation  of  an  uk  t-r 
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These  serve  to  keep  up  the  process  of  cicatrization.  But  in  the 
meantime,  that  margin  of  the  ulcer  which  is  toward  the  center  has 
remained  infiltrated  and  gray.  Inasmuch  as  at  this  place  the  infiltration 
and  the  subsequent  purulent  disintegration  keep  on  extending,  the 
ulcer  constantly  advances  toward  the  center  of  the  cornea,  while  on  its 
peripheral  side  it  heals  equally  fast,  and  trails  the  blood-vessels  after  it. 
The  vascular  fasciculus  accordingly  appears  under  the  guise  of  a  nar- 
row  red  band  t'ormed  of  blood-vessels  (hence  tne  name;,  ana  extend- 
ing from  the  corneal  margin  some  distance  into  the  cornea,  at;  its 
apex  It  Dears  a  small  p;rav  crescent,  the  infiltrated,  advancing  margin 
of  the  ulcer,  i'be  arrest  and  recession  of  the  process  first  occur  when 
the  ulcer  is  completely  healed.  Until  this  has  taken  place  the  vascular 
fasciculus  can  advance  far  into  the  cornea,  to  its  center  or  even  beyond 
it.  The  small  ulcer,  however,  always  remains  superficial,  and  a  per- 
foration of  the  cornea  due  to  it  is  never  observed.  When  the  vascular 
fasciculus  has  at  length  come  to  a  standstill,  the  vessels  gradually  dis- 
appear from  it,  and  there  only  remains  a  superficial  opacity  of  the  cornea 
which  corresponds  in  shape  to  the  long-drawn-out  form  of  the  vascular 
fasciculus.  This  opacity  never  clears  up  again  completely,  and  hence, 
when  found  at  anyüime  during  the  wkole  subsequennH^oTthe  patient, 
•  enables  us  to  diagnosticate  the  previous  existence  of  a  vascular  fasciculus. 

(d)  The  severest  cases  of  conjunctivitis  eczematosa  are  those  in 
l^  which  the  exudation  from  tne  start  makes  its  appearance  in  ttie  deep 
igpgRayers  of  tne  cornea  as  a  widely  dittused  aeep-lying  infiltration."* We 
1^  then  hnd  the  cornea  occüpifiü  lö  ä  ÖÖIiaiUÖi*abl^  ÄSlent  by  att  Ö})acity  of 
K  a  uniform  gray  or  yellowish  color,  with  hazy  outline  and  seated  in  the 
V   deeper  layers  of  the  cornea;  the  surface  of  the  cornea  over  it  is  stippled. 

.  In  the  bad  cases  the  infiltrate,  originally  gray,  becomes  more  and  more 
'•^  yellow,  and  finally  breaks  down  into  pus,  so  that  an  extensive  loss  of 
substance  is  produced  in  the  cornea.  In  the  benign  cases,  on  the  con- 
trary, the  infiltrate  gradually  disappears  again  by  resorption,  and  the 
cornea  regains  its  transparency  either  wholly  or  in  part.  It  is  astonish- 
ing to  what  an  extent  even  extensive  infiltrates  can  undergo  resolution. 

(e)  Instead  of  appearing  as  separate  circumscribed  foci,  the  exudate 
may  occur  under  the  lorm  of  a  continuous  new  formation  of  tissue 
upon  the  surface  of  the  cornea — that  is.  under  the  form  of  vannus. 
This  is  called  pannus  eczematosus.  to  distinguish  it  from  trachomatous 
pannus.  It  does  not,  like  the  latter,  show  a  predilection  for  the  upper 
part  of  the  cornea,  but  develops  from  any  spot  whatever  upon  the  cor- 
neal margin.  It  is  ordinarily  thin  and  not  very  vascular,  and  is  quite 
apt  to  undergo  complete  resolution. 

Conjunctivitis  eczematosa  is  generally  accompanied  by  profuse 
lachrymation.  Mucous  or  muco-purulent  secretion,  on  the  contrary, 
such  as  occurs  in  catarrh,  is  not  present  as  a  rule;  hence  the  lids  do 
not  ordinarily  stick  together  in  the  mornings.  The  only  exception  to 
this  is  formed  by  those  old  cases  in  which  the  inflammatory  process  has 
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püs^d  over  to  the  palpebral  ronjunctiva,  and  ha8,  we  may  say,  thrown 
it  into  a  state  of  concomitant  catarrhal  inflammation. 

The  subjective  symptoms  consist  of  photophobia  combined  with 
sDi  of  the  hdä  (blepharoäpaisni).  8hght  in  some  cases,  in  othera 
fey  reach  an  extraordinary  pilch;  children  creep  into  a  dark  corner 
of  the  room,  bür>'  their  faces  in  their  hantls^  and  struggle  so  violently 
ik^aiii&t  any  attempt  at  opening  their  eyes  that  the  examination  on  the 

Ipftft  of  the  physician  is  made  with  great  difJiculty.  The  intensity  of 
ihc^e  symptoms  bears  no  definite  relation  to  the  severity  of  the  disease; 
in  fact,  it  is  precisely  in  that  form  of  corneal  afTection  which  spreads 
more  extensively  and  penetrates  more  deeply  that  the  evidences  of  irri- 
tation are  often  pretty  shght.  The  annoyance  suffered,  contrary  to  what 
takes  place  in  conjunctival  catarrh»  is,  generally  speaking,  greater  in 
the  morning  than  in  the  afternoon  and  evening. 

Course  and  Prognosis. — A  single  typical  efflorescence  upon  the 
limbus  passes  through  all  its  phases  up  to  complete  subeidenee  in  eight 
In  fourteen  days.  If  several  efflorescences  are  present»  the  process  of 
ctire  requires  a  proportionately  longer  time.  Nevertheless,  the  disease' 
w<udd  not  last  so  very  long  if  it  liniitetl  itself  to  a  single  attack.  This, 
however,  is  but  rarely  the  case.  Us  u  ,*d  I  y ,  u  ft  era  pe  ri  f  h J  of  f\  u  i  es  c  en  ce . 
or  even  before  the  first  attack  of  inttaHiimMinn  Ttas  tmitf  run  it.s  cuurse. 
the  eye  becomes  reti  ^L^g^^u.  and  new  nothiles  shont   op  in  or  near  the 

^limbus.  iUiL-^  the  (iiscase  may,  wilh  lol\iy(^r  l&  shorter  rntcrnnss'^ons, 
Wt  on  for  months  ur  yi^ars.  Its  hegiriTting occurs  inchildlMHid:  the 
»eparaie  aiiacKs,  however,  are  often  i>n»lractcd  until  the  time  of  puberty, 
or  sometimes  even  later;  the  affection  being  situated  now  in  one  eye^ 
now  in  the  other,  then  in  l>oth  at  the  same  time.  Ilnally,  the  attacks 
l>eeome  less  ami  less  frequent,  and  at  length  cease  altogether. 

The  constant  wetting  of  the  lids  by  the  tears  frequently  leads 
to  blepharitis,  to  eczema  of  the  skin  covering  the  lids,  and,  as  a  con- 
sequence, to  ectn»picm  of  the  lower  lid.  Excoriations  are  frequently 
present  at  the  external  angles  of  the  lids,  and  blepharophimosis  often 

, develops  later  on. 

The  prognosis  of  any  single  attack  of  conjunctivitis  eczematosa  is 
favorable,  in  so  far  as  the  eye  is  but  rarely  rcndcrrd  entirely  bhnd  by  it. 

'Superficial  efflorescences  disappc^u-  without  leaving  a  trace  lichind;  ulcers 
which  penetrate  into  the  parenchyma  prrper  of  the  cornea  leavi*  j^erma- 
nent  opacities,  which,  however,  are  in  most  ca^^es  thin  and  superficial 
(maeulte  of  the  cornea).  On  the  other  hand,  the  prognosis  of  the  disease 
ms  a  whole  is  rendered  unfavoral>le  by  the  frequent  recurrences.    In  jht- 

'sons  who  have  gone  through  many  recurrences  of  conjunctivitis  eczema- 
losa  the  corneae  often  bear  quite  a  nundjcr  of  maculte  as  signs  of  past 
attacks.     Thus  the  sight  is  impaired,  squint  or  myopia  often  develops, 

(And  the  persons  thus  afifecte*!  often  become  incapable  of  doing  fine  work. 
In  addition  to  this,  children,  in  consequence  of  the  frequently  repeated 
inflammation  of  the  eyc^,  fall  behind  in  their  physical  and  mental  dcvel- 
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opment.  Finally  a  not  infrequent  outcome  is  secondary  blindness,  often 
occurring  many  years  after  the  inflammation  has  passed,  and  representing 
the  after-results  of  the  corneal  scars  with  inclusion  of  the  iris  which 
remain  after  the  corneal  ulcers. 

18.  Etiology. — Conjunctivitis  eczematosa  is  one  of  the  most  fre- 
quent of  eye  diseases,  and  it  has  its  origin  in  the  scrofulous  diathesis, 
liike  the  latter,  it  is  a  disease  of  childhood  and  youth.  In  very  young 
children — ^those  under  the  age  of  one  year — it  occurs  but  seldom,  and 
it  generally  ceases  at  the  time  of  puberty.  Adults  are  attacked  by  it 
only  in  case  they  have  carried  the  disease  along  with  them  from  their 
childhood.  The  enormous  majority  of  children  affected  with  conjunc- 
tivitis eczematosa  belong  to  the  poorer  classes.  Such  children  receive 
insufficient  and  unsuitable  nourishment,  live  in  damp,  poorly  ventilated 
dwellings,  and  are  kept  constantly  dirty.  Other  children  affected  are 
those  who,  though  once  healthy,  have  become  run  down  as  a  result  of 
other  diseases  (scarlet  fever,  measles,  typhoid  fever,  whooping  cough, 
etc.).  Such  children  as  these  look  either  pale  and  thin  or  bloated  and 
spongy-looking.  The  glands  at  the  lower  jaw,  in  the  neck,  and  in  front 
of  the  ear,  are  swollen.  Partly  as  a  result  of  the  suppuration  of  these 
glands,  and  partly  as  a  result  of  the  breaking  down  of  the  scrofulous  infil- 
trations in  the  skin,  ulcers  and  fistulous  passages  are  produced,  which 
require  months  and  years  for  their  cure,  and  leave  characteristic  and 
disfiguring  scars  behind.  Patches  of  moist  eczema  occJur  at  various  spots 
upon  the  body,  most  frequently  upon  the  face;  and  the  constant  coryza 
from  which  many  of  these  children  suffer  is  to  be  attributed  to  an  eczema- 
tous  affection  of  the  nasal  mucous  membrane.  Adenoid  vegetations,  too, 
are  not  rare.  In  the  lids  we  find  blepharitis.  The  nose  and  the  upper  lip 
are  rendered  thick  by  frequently  recurring  attacks  of  inflammation.  More 
profound  affections  that  occur  are  caries  of  bones  (caries  of  the  petrous 
bones  appearing  under  the  form  of  an  otorrhoea  being  frequent),  tuber- 
culosis, and,  in  girls,  delayed  and  irregular  menstruation. 

Some  of  the  above-mentioned  symptoms  of  scrofula,  and  often  sev- 
eral of  them  at  once,  accompany  most  cases  of  conjunctivitis  eczema- 
tosa. Sometimes,  though  rarely  in  comparison  with  other  cases,  the 
disease  is  observed  in  an  individual  who  otherwise  is  quite  healthy,  just 
in  the  same  way  that  other  indications  of  scrofula  occur  at  times  as 
altogether  isolated  phenomena. 

Therapy. — In  the  lighter  cases,  the  local  treatment  consists  in  the 
application  of  irritants,  of  which  calomel  and  the  yellow-precipitate  (or 
Pagenstecher^s)  ointment  (page  58)  are  most  in  use.  The  calomel  in 
a  finely  powdered  state  is  sprinkled  in  a  thin  layer  upon  the  conjunc- 
tiva of  the  lower  lid  by  means  of  a  camel's-hair  brush;  the  precipitate 
ointment  (0.05  to  0.15  of  yellow  precipitate  to  5  of  fat),  on  the  other 
hand,  is  introduced  into  the  conjunctival  sac  by  means  of  a  glass  rod  or 
a  brush,  and  is  then  rubbed  about  with  the  lids,  so  as  to  be  distributed 
over  the  whole  conjunctiva. 


DISEASES  OF  THE  COXJUXCTIVA. 


1S3 


reoiedies  are  irritant  in  their  action;  the  precipitate  ointment 
than  the  caloineh  Hence,  in  jhp  hpyinning  f>f  the  disea.se. 
Iiere  the  eyes  are  in  a  marked  state  of  irritation,  it  i^  tn^^if  tn  AmpUy 
jomel ;  and  subi>equentU"j  \vhen  the  inflammatory  ,;5?\mT>tuiiiä  are 
jinni^hing.  to  renlaee  this  i>v  ^he  yellow  uintment.  The  remedies 
entioned  are  to  be  applied  only  once  a  day,  but  it  is  adyisable  to  keep 
with  their  application  for  quite  a  long  time,  in  order  to  prevent 
_  ipnes.  Both  find  a  contraindication  in  the  presence  of  recent  infil- 
trates, or  progres^iye  ulcers  in  the  cornea.  In  such  cases,  before  haying 
recoui-se  to  irritant  remedies;,  we  must  wait,  n^eanwhile  emplovini? 
»tropjiie.  until  the  process  of  infiltration  htis  subsided  or  the  ulcer  has 
became  clean.  Pannus  and  yascular  fasciculi  do  not  contraindicate 
calomel  or  the  yi^lTiiAy  pirtim^t 

In  tiie  case  of  ulcers  of  hirger  size  covered  with  exudfition.  as  well 
as  in  the  case  of  deep  Infiltration  of  the  cornea^  moist  and  warm  com- 
presaes,  applied  several  times  a  day  for  one  or  two  hours  at  a  ijnie 
'er  the  closed  eyes,  prove  most  efficient.  With  regard  to  the  treat- 
nt  of  deep  ulcers  and  of  the  cicatrices  that  follow  ulcers,  the  general 
aet  forth  under  the  head  of  atTections  of  the  cornea  are  applica- 
.  A  bandage  should  be  applied  only  in  case  of  imperative  necessity 
g.,  when  there  are  ulcers  penetrating  deeply  into  the  cornea);  other- 
it3  use  had  better  be  avoided.  It  hinders  the  ready  escape  of  the 
TS  w^hich  are  so  copiously  secreted,  and,  as  it  very  soon  becomes  wet 
through  with  the  secretion,  it  is  likely  to  set  up  eczema  of  the  skin  of 
^e  Uds. 

In  conjuncti\itis  ecfeematosa,  gena-al  treatmeni,  conducted  with  due 
ard  to  the  etiology,  is  of  especial  importance.  The  child's  nourish- 
nt  should  be  streng:! hening  and  administered  at  regular  hours, 
iweetÄ,  especially  candy,  cakes,  pies  and  pastry  of  all  kinds  should  be 
Tbidden,  and  only  very  plain,  but  sukstantial  food  allowed.  It  would 
m  that  regiJlation  of  the  diet  alone  may  do  a  great  deal  toward  effect- 
a  cure  in  these  cases. — D.]  Care  must  be  taken  that  the  dwelling 
ace  be  dry  and  well  ventilated,  and  the  child  should  be  sedulously 
pt  out  in  the  open  air,  irrespective  of  any  photophobia  that  may  exist* 
deed,  in  any  case,  we  must  not  yield  too  much  to  this  symptom  of 
lOtophobia,  and  it  wtjuM  be  quite  a  mistake  to  keep  children  in  a  dark 
m  just  because  they  shun  the  light.  As  invigorating  measures, 
^rpongings  with  cold  w^ater  are  of  service;  also  a  sojourn  in  the  country, 
especially  at  the  mountains  or  the  seashore.  After  the  acute  Inflam  ma- 
inn  hjis  run  its  course,  the  use  of  brine  baths  or  of  sea  baths  is  of  great 
r^Tce  in  preventing  relapses.  Unfortunately,  the  carrying  out  of  all 
i€®e  rei^ulations  is  only  too  often  frustrated  by  the  force  of  circumstances 
lud  by  the  poverty  of  the  patients. 

The  medicinal  treatment  of  scrofula  consists  in  the  administration 
of  cod-liver  oil  and  of  the  preparations  of  iodine,  iron,  arsenic,  and 
quinine.    [Calomel  in  broken  doses  (0.003-0.006  gm.  three  or  four  timefl 
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a  day)  is  also  used  a  good  deal.  It  may  be  given  in  these  doses  for  weeks 
at  a  time  with  advantage. — D.] 

The  sort  of  remedy  employed  and  its  dose  must  be  adapted  to 
each  individual  case.  In  case  of  a  clinically  demonstrable  tuberculosis 
methodically  continued  tuberculin  injections  may  be  tried.  Furthermore, 
the  cure  of  the  eye  disease  is  favorably  influenced  by  treating  any  coexist- 
ing scrofulous  Sections,  especially  blepharitis,  and  also  eczema  of  the 
face  and  of  the  nasal  mucous  membrane  and  adenoid  vegetations.  For 
the  affection  first  named  the  application  of  white-precipitate  ointment 
(1  to  2  per  cent)  or  of  ichthyol  ointment  (5  per  cent)  does  good  service. 

In  blepharitis  this  ointment  is  smeared  at  night  over  the  closed  palpebral 
fissure.  Eczematous  spots  upon  the  face  are  covered  with  a  pledget  of 
linen  smeared  with  the  ointment,  and,  to  relieve  eczematous  coryza,  the 
ointment  is  introduced  from  the  anterior  nares  as  far  into  the  nose  as 
possible  and  rubbed  in.  For  relieving  moist  eczema  of  the  face,  we  can 
also  employ  with  great  advantage  a  5-  to  10-per-cent  nitrate-of-silver 
solution  applied  with  the  brush,  after  removal  of  the  crusts,  to  the  raw 
cutaneous  surface,  which  thus  becomes  covered  with  a  thin  eschar,  under 
which  the  raw  spots  heal  rapidly.  This  «^plication  must  be  repeated  at 
first  daily,  afterwards  at  intervals  of  several  days,  and  be  kept  up  as  long 
as  crusts  continue  to  form. 

Many  of  the  patients,  who  generally  belong  to  the  poorest  classes, 
suffer  from  head  lice,  the  removal  of  which  often  has  a  strikingly  favor- 
able effect  on  the  eye  trouble. 

The  synonyms  which  are  used  for  conjunctivitis  eczcmatosa,  such  as  conjunctivitis 
phlyctaenulosa,  conjunctivitis  pustulosa,  herpes  conjunctivae  (Stellwag),  originate  from 
the  view  that  the  efflorescence  on  the  conjunctiva  or  cornea  is  a  hollow  vesicle  filled 
with  fluid  (<p?.vKTaiva  [bladder],  pustula,  herpes  vesicle).  But  the  efflorescence  is  in 
reality  never  a  vesicle,  but  a  solid,  though  soft  projection,  which  is  formed  chiefly 
by  an  accumulation  of  leucocytes  (Figs.  51  and  52).  The  softening  and  liquefaction 
of  this  cellular  mass  do  not  begin  in  the  interior  of  the  projection,  but  at  its  apex,  so 
that  no  cavity  is  formed  (vesicle  or  pustule),  but  a  loss  of  substance  (ulcer)  occurs,  lying 
upon  the  free  surface  at  the  apex.  The  name  herpes  comese,  moreover,  can  give  rise 
to  a  confusion  with  true  herpes  corneae  (herpes  febrilis  and  herpes  zoster,  see  §  40). 

In  accord  with  the  precedent  set  by  the  older  authors,  I  formerly  called  conjunc- 
tivitis eczcmatosa  by  the  name  of  conjunctivitis  lymphatica  (or  scrofulosa)  on  account 
of  its  undeniable  connection  with  scrofulosis.  Later,  following  many  recent  authors, 
I  replaced  this  etiological  term  by  that  of  conjunctivitis  eczematosa.  A  conjunctivitis 
which  igundoubtedly  one  of  the  symptoms  of  eczema  I  have  observp<jl  gn  a  few  nnr»«^ 
sions  in"a3iilts  who  had  been  attacked  bv  a  verv  extensive  eczema  ana  at  the  same  time 


with  a  conjUflctivitis  that  was  associated  with  naarginal  infiltrates  of  the  cornea  which 
actually  led  to^^grl'ui'aiiou.  Aimoueh  the  cJinical  picture  was  In  some  respects  like  that 
of  severe  conjunctivitis  eczematosa,  yet  it  was  a  different  disease  that  was  in  question. 
Whether  the  conjunctivitis  of  scrofulous  children  can  properly  be  characterized  as 
eczematous  we  shall  first  be  able  to  tell  when  the  true  cause  of  the  conjunctivitis,  on 
the  one  hand,  and  of  the  scrofulous  eczema,  on  the  other,  has  been  determined.  If  we 
question  ourselves  as  to  the  nature  of  the  efflorescences  of  conjunctivitis  eczematosa 
we  must  keep  two  facts  in  mind. 

(1)    The  efflorescences  when  quite  recent  are  sterile,  containing  neither  the  ordi- 
nary pyogenic  germs  nor  tubercle  bacilli.    Inoculation  from  them  into  a  test   animftl 
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I  noi  lead  (o  tubc^milosiet.    Hence  it  can  not  be  aäsumetl  tliat  like  other  inflamma* 
I  of  Ibe  eonjunetiva  they  are  referable  to  eetoKciioua  infection,  and  a^  little  are  they 
►  be  fcgarded  in  the  Hght  of  true  tyberculous  nodules* 

(2)  In  A  great  number  of  patients  wit  h  ronjunri  ivit  i«  fTKernatoiMi  there  are  ehanges 
rbidi  «re  certiiinly  tuberculous,  roost  frequently  afiT>cannK  urnler  the  forrn  of  aerofu- 
aion«  of  the  glandis  and  bones,  and  not  iufrequently  also  of  pulmonary  lubcrcu- 
Bui  even  in  thosüe  patient«  who  uihi-rwise  show  no  rlinically  deraonstrahle 
I  cvidmoc  of  scrofula  or  tuberculosis,  the  examination  with  tuberculin  (by  suhcnitan*H>u» 
ifij#^tton  or  cutaneous  inoculation)  proves  with  rare  exeeptiond  the  presence  of  latent 
tubrrculosj».  If  liien  the  efflorc^cenoea  are  not  ai^tiiaJ  ttib>erculosis  notlules  and  yet,  on 
the  other  liiind,  they  occur  with  such  preponderating  fre<piency  in  tuberculous*  men, 
wie  sboüki  not  be  far  out  in  explaining  them  a^  Ix^ing  due  to  t  he  action  of  toxic  substance«, 
in  the  emxQO  way  jib,  for  example,  omiule^H  develop  in  tuberrulovt^  individuals  after  the 
rt^kbtiig  of  a  tuberculin  ointment  into  the  skin  (Moro),  In  harmony  with  such  a  ron- 
neetioo  is  the  oli^ervation  that  after  the  inoculation  of  tuberculin  in  ehildren  whose 
evf*  wfn*  hitherto  healthy  the  ef!lore»cences  sometimea  appear  on  the  conjunctiva 
aiu^  :in  incubation  penoil  of  about  14  days.  Should  Bubjet^uent  investigations  con- 
firm the  tuberculotoxic  origin  of  the  efflorescenoea  and  of  ecjsema^  too,  the  tt^rm  eon- 
junciivitLH  e<  w  rn^iti><M  would  then  be  reülly  juntiöed. 

The  auf  rate  the  oczematous  affections  of  the  conjunctiva  fromj^hose  of 

Urn  oomm  ;  '■    .  Ic  ftf  W»njtiriPT!VltlB  ftßd  oT  keratitis  eczematosa  or  phlyctienuloaa 

aeSSIllBS  ÄS  the  etiioreHcence  is  located  upon  the  conjunrliva  or  the  cornea.  In  thia 
wmy,  for  mere  love  of  system,  a  picture  of  disease  that,  ctinic^ilty  .^pt^akingt  i^  a  perfi'ct 
Itttt.  is  toni  in  two.    In  fact,  we  h|iv^  ^prp  iv!^f\y  Ml!  nnP'a1ll#lft  diaj^yj^e^iyhich  m  localized 

Fr 


1^ 
'  find  ] 


[TTtie  platte,  .ntimetiraeji  in  another.    Frequently  enough  we 


^_^^^^  ,  m  ihe  twime 

c>T,  jit  the  Äimc  hmt^  Ifl  l'fIIurr^(!Pnt*e"fTi  the  conjunctiva  of  the  eyeball,  a  second  in 
tbc  HmbuÄ,  half  in  the  conjunctiva  and  half  in  the  cornea,  and  a  third  upon  the  cornea 
i|0elf  (vrr>'  exceptionally  efflorescences  occur  even  on  the  conjunctiva  uf  the  lids). 
Htll«M\  ill  I  he  fort'ijotiu;  dcüscription  of  the  disease  the  expression  txmjunctivitis  eczema- 
toic  M'  disciiae  in  general,  no  matter  U(x>n  what  part  of  the  surface  of 

ibf*  '  .  'd.    This  can  be  done  without  doing  violence  to  anatomy»  inas- 

much  a«  the  outerinost  layer  of  the  coniea  nuLst  be  look»Hl  upon  as  the  rontinuatlon  of 
tlw  ctmjunctiva  over  the  cornea.  Accordingly,  we  can  regard  the  involvement  of  the 
oometi  in  conjunctivitis  ccjsemat'jsii  as  an  iuvoU^enifnt  of  the  "conjunctival  layer'^ 
of  the  cornea.  For  the  same  reason  we  rcganl  pannu**  trachomatt»M\ii^  as  one  of  the 
symptoms  of  conjunctivitis  trachomatoda,  and  not  as  an  independGnt  alTectioo  of  the 

Tlie  efflorescences  begin  with  an  accumulation  of  leucocytes  beneath  Bowman's 

mnnbrane  (Fig,  52)»    This  is  so  aAlhercnt  thai  it  can  not  l)e  lifteil  up  by  the  accumulatf»«! 

fiell«  like  the  flelicate  conjunctiva  8<^lene,  and  for  this  rea^son  the  efflorescences  on  the 

'  c^ofTirA,  in  contntst  with  tho^e  on  the  limbuH,  are  not  at  all  or  but  little  prominent. 

When  the  infiltration  of  I  he  up[>ermfist  lamelhe  of  I  fie  cornea  ha.s  peacheil  a  (*iTtain 

[  Mtnt,  the  epithelium  over  it  and  then  also  ultimiitely   Bowman'»?  membrane  break 

^  jBIIWii,    When  this  occurs  the  true  loss  of  substance  begins,  and  the  efflorescence  is  con- 

"^Plbti^  into  an  ulcer.    Pannus  scrofulosus,  tr>o.  Uf?ually  begins  beneath  lawman's  mcm- 

brmne:  *t>ntrasling  in  this  regard  wTth  pannus  tmrhomatoaus» 

The  differential  dirujn^t^ü  between  conjunctivitis  eczcmat'Osa  and  the  other  aiTec- 
lionn  of  the  conjuncti\'a  and  cornea  is,  as  a  rule,  easily  ma^le.    The  characteristic  mark 
tif  the  former  lie«  in  the  fo<*al  character  of  the  affection  as  well  as  in  its  localization  uiwii» 
ftori  immediately  about  the  cornea.     Only  one  other  varioty  of  Conjunctivitis^  t}||^  mn- 
iunciix^tis  ex  acnc^  shares  this  peculianty  _with  conjunct tviti^  c>c2ematQ>^u;  but   tliat 
iBamag  ii  readily  <lisf]agu'shrd  from  the  l.att<'r  by  the  ufx^ompanym^  'dviw  ra^ice^i  upon 
\  Urn  lace^sne  mfra).     m  spring  catarrh  jiIso  f  ^  ifi)  htile  n«Klulf^  o^^llf  UTWITI  Tli<^  htiUMIs, 
'break  down  into  ulcere.     Of  the  diffuse  inflammations  of  the  conjunctiva, 
might    be   confounded   with   conjunctivitis  f*czematosa.      For  in   intx^n.m^   and 
es  of   c<mjunctivitis  ecxcrnatosa  the   affection  spreatis   to   the  pali>cbral 
'  CQQimietmr  which  may  become  very  much  reddened,  swollen,  or  even  velvety;  in 
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that  case,  too,  a  mucous  or  muoo-purulent  secretion  forms  upon  Üie  conjunctiva.  It 
is  often  difficult  to  distinguish  between  such  cases  and  catarrh,  especially  if  just  at  the 
moment  of  examination  there  are  no  characteristic  efflorescences  present  upon  the 
conjunctiva  of  the  eyeball.  Fortunately,  a  mistake  in  diagnosis  does  no  harm,  since, 
with  such  a  condition  of  the  conjunctiva  existing,  gentle  cauterization  with  the  nitrate- 
of-silver  solution  is  always  indicated,  no  matter  what  the  origin  of  the  disease.  The 
pustular  form  of  acute  conjunctival  catarrh  forms  a  sort  of  intermediate  stage  between 
catarrhal  conjunctivitis  and  conjunctivitis  eczematosa  (see  page  132). 

Eczematoua  pannus  is  to  be  chiefly  distinguished  from  pannus  trachomatosus  by 
the  fact  that  an  exact  examination  of  the  conjunctiva  of  the  lids  and  of  the  retrotarsal 
fold  either  discloses  the  changes  of  trachoma  or  established  the  fact  of  their  absence. 

Ck>meal  ulcers  which  have  been  preceded  by  the  efflorescences  of  a  conjunctivitis 
eczematosa  sometimes  are  located  so  very  near  the  margin  of  the  cornea  that  they 
extend  into  the  limbus  conjunctivae;  and,  since  corneal  ulcers  as  peripherally  situated 
as  this  occur  only  in  connection  with  conjunctivitis  eczematosa,  the  diagnosis  of  an 
antecedent  conjunctivitis  eczematosa  can  be  made  even  years  after  it  has  elapsed  from 
scars  having  such  a  situation  (Fig.  91). 

The  vajtntdqr  fttsuruni^^ut  can  readily  be  confounded  with  an  ordinary  corneal  ulcer, 
to  which,  in  the  course  of  healing,  vessels  have  made  their  way  from  the  limbus  so  as 
to  form  a  red  bridge  between  the  limbus  and  the  ulcer.  In  such  a  case  there  is  no  fear 
of  the  ulcer's  extending  into  the  pupillary  area  of  the  cornea,  and,  after  the  ulcer  heals, 
only  a  small,  rounded  macula  is  left,  and  not  a  long,  opaque  stria,  as  in  the  case  of  the 
vascular  fasciculus.    The  distinction  between  these  two  affections  can  be  made  as  fol« 

mnitfated  with 


,_    ._    a  fiimpfp;  nicer  with  dgV6l0fii5 

furrow  18  wantingE.  and  the  vessels  have  a  quite  superficial  situation. 

In  tne  treatment  of  conjunctivitis  eczematosa  calomel  plays  the  greatest  part. 
Since  this  remedy  under  its  own  form  is  insoluble  in  water,  it  was  at  first  believed  that 
a  purely  mechanical  action  should  be  ascribed  to  it  (a  scratching  open  of  the  efflores- 
cences, which  were  considered  to  be  vesicles).  But  opposed  to  this  view  is  the  fact  that 
indifferent  powders,  for  instance,  finely  pulverized  glass,  which  were  also  employed  for 
inspersions,  did  not  develop  the  same  action.  More  recent  investigations  have  proved 
that  the  action  of  calomel  is  a  chemical  one.  The  calomel  powder,  when  sprinkled  into 
the  eye,  remains  a  long  time  in  the  conjunctival  sac;  minute  quantities  of  it  are  trans- 
formed by  the  sodium  chloride  contained  in  the  tears  into  corrosive  sublimate,  >*  which 
is  thus  continually  being  formed  in  small  quantities,  and  exerts  a  steadily  continued 
.|a  (action  upon  the  conjunctiva.  According  to  others,  calomel  itself  is,  to  a  small  extent, 
'  soluble  in  a  salt  solution  such  as  the  tears  represent,  and  is  hence  efficient  under  its 
own  form.    If  we  undertake  the  inpp<^r9?9P  of  calomel  in  patients  to  whom  at  the  same 


time  iodine  is  being  admi^]p|^rfHi  internally,  we  not  infrequently  observe  a  strong 


"nigVfflT"  intemaily,  we  not  imreauently  observe  a  strong 
corrosive  action  Irom  the  calomel;  for  ^he  latter  forms  witli  the  iodine  excreted  in  the 


A^' 


tears  tne  very  corrosive  mercuric  iodide  (ijcniaike).    These  two  remeoies,  therefore, 
are  incompatiDle.  *^ 

"^'A  symptom  that  is  especially  tormenting  for  the  patients  is  the  photophobia  so 
often  connected  with  conjunctivitis  eczematosa.  In  many  cases  this  persists  obstinately 
for  months.  The  parents  then  bring  the  children  to  the  physician,  with  the  statement 
that  they  have  been  "blind"  for  such  or  such  a  number  of  weeks.  The  children  offer 
the  greatest  resistance  to  the  forcible  opening  of  the  eyes,  especially  when  there  are 
excoriations  at  the  external  commissure,  which  give  pain  and  are  prone  to  bleed  when 
the  lids  are  separated.  Hence,  in  such  cases  the  palpebral  fissure  is  to  be  opened  cau- 
tiously and  not  too  wide,  so  as  to  avoid  making  the  struggles  of  the  children  still  greater. 
The  lids,  and  especially  the  upper  lid,  are  rendered  Gcdematous  by  the  constant  ble- 

1^  [According  to  some,  however,  calomel  can  remain  in  contact  with  tear  fluid  for  an  indefinite 
time  without  change. — D.l 
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beeitise  the  veins  of  the  lids,  which  pass  between  tho  fibers  of  tlie  orbicu- 
liriiV  an  comprcaoed  by  persist  on  t  contraction  of  this  muscle.  Furthermore,  a  state 
of  tnvtnioo  of  the  lids  (entropion  spasticum)  may  be  induced  by  this  fon'-ible  .sc)Uee2ing 
to^Sther  of  the  eyelids.  Finally,  cases  ha\'e  been  descnbtnl  in  wJiich  children  who  have 
•uflmd  for  a  long  time  from  blepharoepasm  were  perfectly  blind  after  the  diaappearance 
of  thia  symptom  (von  Graefe,  Sehirmer^  Ix'ber,  and  others).  Such  bliminess  is  transient. 
A»  io  rnodt  cases  no  objective  changes  were  demonstrable  as  the  eaani*  of  the  blindneas, 
tht  Utter  18  probably  to  be  regarded  as  a  central^  purely  functional  affair,  like  hysterical 
am&itroma.  In  other  words,  the  light  stimulus  is  conveyed  to  the  cortex  of  the  bralUi 
but  docs  not  there  pass  the  threshold,  i.  e.,  does  not  reach  the  consciousness. 

In  most  cases  the  blepliarospiism  soon  yields  if  the  eonjnnctival  trouble,  which 

fonas  the  hMsa  of  it,  has  been  ameliorated  by  appropriate  treatment.     In  case  the 

flpssni  of  the  lid  is  particularly  obstinate,  we  often  obtain  rapid  improvement  if  we 

succeed  in  getting  the  child  to  open  t!ie  eyes  for  some  time  at  least  once  a  day.    We  may 

serure  this  if  we  drop  in  cocaine  a  numt>iT  of  times  in  quick  succession  until  the  surface 

of  the  eyeball  has  become  insensitive.    Other  effective  measures  are  to  douche  the  child 

^jdl  over  with  cool  wat^r  or  to  dust  dionin  powder  into  the  conjunctival  sac.    These 

^BMeedurc^  must  be  repeated  daily  until  the  spasm  of  the  lids  has  \nplded.    The  a?de- 

BHllous  thickening  of  the  lids  produced  by  their  spasm  is  combatetl  by  massaging  them. 

Besides  eciema«  the  following  exanthemata,  both  acute  and  chronic,  are  associated 

witli  diseases  of  the  conjunctiva. 

(a)  Acute  Exakthemata. 

Mtades  is  regularly  associatcd  with  a  conjunctivitis.  This  appears  under  the  form 
of  an  scute  oonjunctival  catarrh,  develops  early  (before  the  eruption  of  the  exanthem 
~  the  skin),  and  generally  disiappears  of  itself  after  two  or  three  weeks  without 
any  bad  consequences  behind. 
Only  in  exceptional  instances  does  the  conjunctivitis  of  measles  take  on  a  blen- 
or  even  a  diphtheritic  aspect  (without  actually  turning  into  true  blennorrhoca 
diphtheria).  In  such  cases  the  cornea  is  endangered.  During  convalescence  in  some 
of  messleSr  when  the  conjunctiva!  inflammation  had  already  become  pretty  slight, 
tmve  ob«»en'ed  numerous  Meibomian  glands,  both  on  the  upper  and  the  lower  lids, 
I  bcpopaing  inflamctl  and  ultimately  suppurating  (horde<:ila  moibomiana,  page  635)* 
^■B»  purulent  contents  were  evacuated  partly  through  the  orifix^tis  of  the  glandn,  partly 
^Ipoil  the  inner  surface  of  the  lid  after  breaking  through  the  tarsus  and  the  conjunctiva. 
P  In  variola,  smallpox  pustules  not  infrequently  develop  upon   the  conjunctiva» 

I     lefiersUy  upon  the  tarsal  conjunctiva  near  the  intermarginal  line     !*?  mall  pox  pustules 
"      which  develop  upon  the  conjunctiva  of  the  eyeball  near  the  limbus  are  dangerous  from 
their  si»tting  up  a  purulent  keratitis  in  the  adjacent  part  of  the  comea^a  condition 
which  should  not  be  confounded  w'nh  the  ulcus  serpens  that  develops  in  smallpox  (see 
I  3Ö.     For  vaccine  pustules,  see  page  194). 

(b)  CHRo?ac  Exanthemata. 

(1 )  Acne  Rosacea  Covjinctiv.«.— This  disease  of  the  conjunctiva,  described  by 
Aril,  bc^gins  as  follows:    A  minute  nodule  forms,  with  moderate  symptom!?  of  irritation, 

n  the  limbus.  This  efflorescence  breaks  down  after  some  da>*8»  and  the  ulcer  thus 
iuciM]  heaJs  without  leaving  any  visible  cicatrix  behind.  This  affection  bears  the 
gmitest  resembknce  to  the  simple  typical  picture  of  conjunctivitis  eczematosa,  and 
sharaa  with  the  latter  its  peculiar  tendency  to  frequent  recurrence.  On  this  account  it 
b  TSfy  tormenting  to  the  patient.  It  i^  pos-siblc  to  njakf  the  differentia!  diagnrjsis 
abMy  from  the  fact  that  conjuncti\itis  ex  acut-  atta<  bj  only  adults  and  those  who  are 
at  the  same  tim*'  afft^tt^iT  i,yi|||  ly^f^  |-jtq»fnm  U  i«  ■miAr.r»»»^  tr.  »if^i.-«.  »t^^  ^-rrf-^t  ding- 
oofis,  since  otfierwi^i-  we  miglit  labor  in  vain  to  prevent  the  recurrences— a  thing  which 
ean  be  done  only  by  a  suitable  and  long-continued  treatment  of  the  acne  rosacea.  The 
conjunctivitis  itself  is  most  speedily  cun^l  by  dusting  in  calomel. 

(2)  pBMFHiors  CoNjrNtTiv.K.— In  this  disease  the  coniunrtiv;i    äl(hnMt:!r  nd- 
'  as  »  whole,  displays  one  or  two  spots^ttiat  are  dcprlvedljf  tin  tr  Lpith(  hum  anH 
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/  covered  with  a  gray  coating.  While  these  spots  are  slowly  undergoing  cicatrization^ 
a  process  attended  witn  snrinking  of  the  subjacent  conjunctiva — spots  of  the  same 
nature  appear  in  other  places.  Thus  there  is  produced  a  constantlv  increasing  cicatricial 
contraction  of  the  conjunctiva,  whose  progressTit  is  true,  is  very  slow  (extendinir  over 
months  and  vearsi.  butis^irr^stible.  The  conjunctiva  becomes  whitish,  cloudy,  and 
tense.  First,  the  retroTarsal  folds  vanish,  then  folds  make  their  appearance,  stretching 
from  the  lids  across  to  the  eyeball,  and  finally  the  lids  are  drawn  in  so  that  trichiasis 
results.  The  conjunctiva  at  the  same  time  grows  continually  drier,  and  the  lachrymal 
secretion  dries  up,  owing  to  the  fact  that  the  excretory  ducts  of  the  lachrymal  gland 
become  occluded  by  the  shrinking  of  the  conjunctiva.  Ulcers  form  upon  the  cornea, 
which  later  gets  to  be  clouded  all  over,  and  likewise  dry  upon  its  surface.  In  the  bad 
cases  the  lids  at  length  become  completely  adherent  to  the  eyeballs,  so  that  the  cornea 
is  permanently  covered  by  the  lids  and  the  eye  is  incurably  blind  (Symblepharon  totale). 
Hence,  the  prognosis  of  pemphigus  is  very  unfavorable — the  more  so  as  both  eyes  are 
always  attacked. 

In  pemphigus  of  the  conjunctiva,  contrary  to  what  happens  in  pemphigus  of  the 
skin,  bullae  are  only  exceptionally  found,  their  place  being  taken  by  denuded  areas  in 
the  conjunctiva.  This  b  explainable  from  the  anatomical  character  of  the  latter.  It« 
epithehum  is  so  soft  and  delicate  that  it  can  not,  like  the  epidermis,  be  lifted  up  in 
broad  layers  by  serous  exudation,  but  ruptures  and  is  thrown  off  in  the  form  of  shreds, 
so  that  only  as  an  exception  do  we  chance  to  sec  vesicles,  and  these  very  small.  The 
raw  spots  upon  the  conjunctiva  produced  by  the  rupture  of  the  vesicles  soon,  become 
covered  with  a  gray  coating,  as  is  so  frequently  the  case  in  wounds  of  mucous  membranes. 

A  further  distinction  between  pemphigus  of  the  conjunctiva  and,  indeed,  of  the 
mucous  membranes  generally,  on  the  one  hand,  and  pemphigus  of  the  skin  on  the  other, 
consists  in  the  fact  that  the  process  in  the  mucous  membrane,  in  correspondence  with 
the  more  delicate  structure  of  the  tissue,  goes  deeper  in  and  hence  leads  to  scar  formation, 
while  the  pemphigus  vesicles  of  the  skin  heal  without  leaving  scars  behind. 


pemphij 


junctiva  i  ^  . 

In  these  localities  the  pemphigus  runs  a"couräG  Uk^  that  111  Liie  i^iljUUUllVa  and  may,'^ü> 
ticularly  in  the  buccal  cavity,  lead  to  shrinking  of  the  mucous  membrane,  and  thus  to 
stenosis  of  the  mouth.  But  it  may  also  happen  that  a  lesion  of  the  kind  just  described 
exists  in  the  conjimctiva  without  pemphigus  being  present  elsewhere  in  the  body.  That 
such  cases  as  these,  which  were  first  described  by  von  Graefe  as  essential  phthisis  of 
the  conjunctiva,  are  also  to  be  ascribed  to  pemphigus,  is  not  certain,  though  probable. 

Treatment  has  no  power  to  restrain  the  process.  Arsenic  is  administered  internally 
for  the  pemphigus;  and  to  make  the  patient  easier,  mucilaginous  remedies  are  instilled 
into  the  eyes  as  in  xerophthalmus  (see  page  162) .  Transplantation  of  pieces  from  another 
mucous  membrane  into  the  conjunctival  sac  may  be  tried  in  order  to  replace  the  con- 
junctiva that  has  been  destroyed. 

(3)  Lupus  Conjunctiv-b. — Lupus  of  the  skin  sometimes  is  continued  over  the 
edges  of  the  Uds  upon  the  conjunctiva.  In  this  situation  it  appears  as  an  ulcer,  the 
bottom  of  which  is  covered  with  granulations  in  which  tubercle  bacilli  can  be  made  out. 
Lupus  of  the  conjunctiva  must  therefore  be  regarded  as  a  tuberculous  disease,  for  which 
reason  reference  for  further  details  must  be  made  to  the  section  on  tuberculosis  of  the 
conjunctiva  (§  20). 

In  the  case  of  other  exanihemala,  too,  for  instance  in  macular  j^y^^  Pftl^M^ft''  T\T^'^''^'^ 
in  pityriasis,  psoriasis,  ichthyosis,  hero^  iris,  dermatitis  herpetiformis,  lepra,  etc..  the 
conjuncilva  is  sometime  charactefSfically  jmoIicateBT "In  lepra,  yellowish,  translucent, 
non-vascular  nodules  generally  develop  near 'the  margin  of  the  cornea.  These  lie  both 
in  the  conjunctiva  and  in  the  subjacent  sclera  and  sometimes  grow  out  upon  the  cor- 
nea; when  upon  the  latter  they  not  infrequently  have  the  appearance  of  a  new  growth. 
There  is  an  associated  iritis  sometimes  combined  with  the  formation  of  lepra  nodules 
in  the  iris;  also  cyclitis.  The  nodules  in  the  different  parts  of  the  eye  finally  break 
down,  and  the  eye  is  lost. 


ones  y* 
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VIL  CoNjüNCTrv'iTis  Vernalis*"  (Spring  Catarrh). 

19.  Symptoms  and  Course.— Spring  catarrh  (Saemisch)  is  a  chronic 
diseaifte,  persisting  for  year:^  and  setting  up  very  chararteristie  changes 
in  the  conjunctiva,  both  of  the  tarsus  and  of  the  eyeball.  The  eonjunc- 
tiva  of  the  tarsus, is  covered  with  papühT^  which  are  broad  aml^flAillSgd, 
m  a!^  to  make  the  conjunctiva  appear  like  a  pavement  of  cobble-ätoncä 
(Rg.  53)*  t)ver  tilg  WBölJ!^  lies  a  aellcate,  bluisti-white  tihn,  as  if  aT^ 
liyw  of  milk  had  been  poured  over  tj^f  fionjapctj^  The  changes  in  tTie 
fonjunctrva  of  the  eyebaU  are  ^tUlniore  striking.  Growths  iu-ise  from 
iht*  limbus  at  the  outer  and  inner  side  of  the  cornea,  under  the  form  of 
hrowniäh,  uneven,  hard  nodules  of  gelatinous  appearance  (Fig.  54). 
The»  extend  partly  into  the  transparent  cornea  for  a  short  distance, 
and  still  farther  in  the  opposite  tlirection  into  the  conjunctiva.  In  con- 
tridi24t]Dction  to  the  nodules  of  conjynfti\1tis  eczematosa,  which  break 
down  so  speedily,  tlicse  nodules  never  ulcerate;  on  the  contrary,  they 
iw*  vi^ry  stable  bodies,  often  lasting  for  years  vnth  but  slight  variations 
iiksiie. 

Quite  as  characteristic  as  the  changes,  objectively  perceptible  are  the 
itatenient^  given  by  the  patienis.     They  say  that  during  the  winter 
Lperience  little  or  no  annoyance  from  their  eye^s,  but  as  sooSTaa 


tbev  exi 


the  firs^T  warm  clays  come  in  apring  the  eyea  begin  to  grow"  red  and' to 
water]  the  patients  are  greatly  tormented  by  pliotopnobia,  and  espe- 
djJTy  by  a  conijtant  itching  in  the  eyes.  The  warmer  the  weather,  the 
jpist^ter  the  intensity  of  the  subjective  troubles;  conversely,  the  patients 
feel  easier  if,  for  instaneCt  there  occur  in  summer  a  series  of  coob  rainy 
dijfB«  In  autumn  the  trouliles  once  more  abate,  and  during  the  cold 
fCtMon  they  disappear  completely,  only  to  begin  anew  in  the  following 
«pring*     The  diflference  in  the  objective  condition  at  different  seasons 


t^ 


% hile "ine  growths  upon  the  conjunctiva  appear  but 
winfjpr^fhAii  in  gnmmftr! 

Spring  catarrh  is  a  pretty  rare  disease,  chiefly  affecting  the  male 
»ex  and  the  ages  of  boyhood  and  youtl».  Many  patients  seem  to  be 
in  other  respects  quite  healthy,  while  othc-rs,  without  l>eing  scrofulous, 
display  besides  pallor  of  the  complexion  multiple  swellings  of  the  lym- 
phatic glands,  especially  on  the  neck  and  lower  jaw.  Almost  always 
both  eye«  are  attacked.  The  disease  generally  keeps  on  making  its 
rrtum  annually  for  three  or  four  years,  and  often  longer  still,  for 
ten  or  even  twenty  years,  until  finally  it  becomes  extinct,  without 
leaving  any  marked  trace  of  its  presence  behind.  The  prognosis  is 
ibcrefure  good  as  regards  the  ultimate  outcome,  hut    bad   as  regards 


*' Synonym:  CoiKJtuietivtti»  it^ti valla. 
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the  duration,  as  up  to  the  present  time  we  know  of  no  remedy  for 
curing  the  disease  or  for  preventing  its  annual  return.  The  cause  of  the 
disease  is  unknown. 

Inasmuch  as  we  are  unable  to  cure  the  disease,  the  treatmerU  must 
be  limited  to  the  amelioration  of  the  subjective  symptoms.  We  combat 
the  inflammation  by  instilling  mild  astringents,  e.  g.,  solutions  of  zinc  (i 
per  cent),  boric  acid  (3  per  cent),  ich  thy  ol  (1  to  2  per  ceni.)  For  the  itch- 
ing the  frequent  instillation  of  a  weak  solution  of  acetic  acid  (5  drops  of 
acidum  aceticum  dilutum  to  10  gm.  of  water)  does  good  service.  In  many 
cases  the  dusting  in  of  xeroform  or  the  instillation  of  suprarenal  extract 
has  a  good  effect.  To  shield  them  from  the  light  we  direct  the  patients  to 
wear  protective  glasses  (of  grayish-smoke  or  euphos  glass).  If  we  have 
patients  of  pale  aspect  and  with  swollen  glands  we  administer  arsenic 
and  iron  internally.  Furthermore,  in  summer  the  advice  must  be  givea 
to  keep  cool,  use  cold  baths  and  showers,  or  reside  in  the  mountains. 

If  the  growths  are  of  a  considerable  size  they  may  be  removed. 

Spring  cat^irrh  is  not  a  catarrh,  as  the  not  altogether  suitable  name  chosen  for  it 
would  indicate,  but  is  a  disease  sui  generis.  It  was  first  described  by  Arlt  (1846),  who 
regarded  is  as  a  peculiar  variety  of  conjunctivitis  eczematosa.  Subsequently  De»- 
marres  mentioned  it  under  the  title  "hypertrophic  p^rik^ratique,"  von  Graefe  as  gel- 
atinous thickening  of  the  limbus,  Hirschberg  as  phlyctaena  palUda.  Saemisch  first 
brought  into  prominence  the  characteristic  exacerbation  of  the  disease  during  the 
warm  season,  and  therefore  called  it  spring  catarrh,  by  which  name  it  is  at  present 
commonly  designated.  Homer  discovered  the  peculiar  character  of  the  tarsal  conjuno- 
tiva,  and  thus  completed  the  picture  of  the  disease.  With  regard  to  its  cause  Kreibich 
and  Dimmer  propounded  the  view  that  it  is  founded  in  the  action  of  direct  sunlight  on 
the  conjunctiva. 

It  ifl  nnly  in  a.  few  osis^  nf  «nring  catArrh  that  the  chanpjes  in  the  OOniunctiya.of 
the  lids  and  i'"  t^^  ""ll7W  ^^  equally  pronounced.  Grenerally  we  find  changes  of  one 
sort  onlV,  while  those  of  the  other  sort  are  merely  indicatecj  or  ^  fttWCRl  aliogeiher. 
The  cases  with  proliferations  of^  the  palpebral  cbnjuhcirva'''5iTOio^  of  the 

limbus  are  much  more  frequent  than  the  contrary  kind.  Furthermore,  we  must  not 
expect  always  to  find  the  changes  so  striking  as  the  pictures,  which  purposely  are 
taken  from  quite  far  advanced  cases,  show.  The  papillae  are  often  quite  small  or  alto- 
gether absent,  so  that  the  bluish-white  veil^ which  covers  the  conjunctiva  of  tfie  tarsus 
is  the  only  evidence*pf  the  disease.  SometimS  a  peculiar  palisii,  persistent  reddening 
of  the  eyeball,  consisting  of  a  coarse  reticulate  conjunctival  injection  combined  with 
a  distinct  ciliary  injection,  is  the  only  thing  to  indicate  the  trouble.  In  such  doubtful 
cases  the  diagnosis  can  be  made  sure  only  by  the  history,  of  which  the  specially  character- 
istic features  are  the  dependence  of  the  symptoms  upon  the  external  temperature,  and 
the  itching. 

The  proliferations  in  the  limbus  are  sharply  demarcated  from  the  healthy  cornea. 
S^>metimcs  we  can  see  in  the  cornea,  parallel  with  the  margin  of  the  nodule,  a  narrow 
gray  stria  like  the  arcus  senilis,  separated  from  the  margin  of  the  nodule  by  a  narrow 
ttin\)  of  transparent  cornea.  This  opacity  usually  remains  permanently  even  after  the 
di«ipfK.'arance  of  the  proliferations.  Very  rarely  the  proliferations  advan^**  ft  yrontj^r 
d'mfanq,'  into  the  cojnca  under  the  guise  of  a  tissue  which  is  like  a  pannus  but  which 
rofifairm  very  few  vci^ls  and  hence  is  pale  Mid  gelatinous-looking.  This  may  actually 
rjßVt'T  tlic.  viMa  ooBBea. 

Tli^r  f)apillar>'  growths  in  spring  catarrh  are  the  reason  for  this  disease  being  com- 
//,  /fily  r*'K:irf\f'<\  an  trachoma,  and  being  treated  with  nitrate  of  silver  or  with  bluestone. 
'I  it*'  n-niih  of  this  treatment  is  that  the  growths  do  not  recede  and  the  irritation  of  the 
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ly»  ü  Kei^teiseci ,  The  pftpillip  in  vcmaj  catarrh  are  m  nvh  1  a  rgf'  r  <  h  road  or ) ,  harder, 
lad  ftlao  piJrf  than  tn  tTachoma,  and  abgye  all  are  diKt  ►  i j ^ i li si i <  <  1  T i %-  YT7(*  T>li rusTi - \vTi i le 
fautig  wfai(^  m  abqepi  in  papjUary  tmct^Qipa,  Fart»cuhifl>  iruportuut  m  the  diikrential 
«tialpMWt  li  if|g  tllBtmy.  i'be  cxtjySely  charactmstic  staU'nients  in  regard  tx>  I  he  fact 
oC  m  fttotti  of  the  dbeaac  every  year  in  the  spring  often  eatabUsh  the  corrcet  diagnoeia 
bcfoi«  we  havr  e%*rn  hx>ked  at  the  eye.  In  hay  fever,  to  be  sure,  there  b  also  generally 
a  fvtism  of  the  eonjunetivitis  everj'  year  in  the  spring  (sec?  page  131).  But  this  reeurreoce 
is  a&  anite  one.  and  nins  it»  course  within  n  few  weekn»  while^  on  the  contrary,  the 
tyw/pUnoa  of  spring  cat^urh  last  during  the  whole  of  the  warm  season. 

Tb<*  fiapilLe  on  the  tarsal  conjunctiva  are  hard^^ — sometimes  as  hard  as  cartilage, 
Tbry  are  produced  by  overgrowth  of  the  Fubronjunctival  connective  tissue  which 
later  undrrgoes  hyaline  degeneration.  The  presence  of  this  hyahne  layer  is  probably 
Ihr  reAMon  for  the  bluiish-white  coloration  of  the  conjunctiva.  In  the  deeper  layers 
there  b  present  a  somewhat  more  nxarkinl  cell  infiltration  eonstisting  mainly  of  phu^ma 
cvlk.  The  epithelium  itself  is  diseased  primarily  as  a  result  of  the  changes  in  the  under- 
tyatg  tijciue;  it  proliferates  and  sends  offshoots  into  the  deeper  part^»  The  prolifera- 
tkm»  in  the  Umbus  show  anatomical  changes  like  those  which  the  papillie  on  the  lid 

at*  The  secret  jo  n^  which  Is  usually  scanty^  ii^  marked  by  the  presence  of  numerous 
in«!  rh«^/f  iicmonatraürm  g^i  DC  utiJtzed  for  Jiagnosis  In  '«TouRTul 
item  Dciween  spring  catarnt  ancT trachoma  «o  fur  as  the  anatomical 
imnt  €cmiidpired  consists  in  the  fact  that  in  the  former  the  principal  tiling  is  the 
eofiliectlw-tiasue  proliferation,  in  the  latter  the  infillnition  with  ccUä.  This  infiltra- 
lioo  in  apfing  eatiurh  ctmsi?«ts  predominately  of  plaHrna  c^'ll«  but  in  trachoma  of  lym- 
|iboC3rU*«*  Tlie«e  latter  become  aggregated  to  form  granulations,  which  again  b  not 
tiw  caae  iu  spring  catarrh. 


Amyloid  Degeneration  of  the  Conjunctiva,— This  rare  disease  htw  hitherto 
beeo  ubÄ?r%H*d  only  in  Hussiii  and  the  countries  adjacent,  and  w^a  first  described  by 
Oftiingnn  in  Dorj^at,  It  consists  in  a  peculiar  degeneration  of  the  conjunctiva,  by 
Haaoti  of  ^hich  the  latter  becomes  yellowish,  transiurc^nt  like  wax,  non-vase  ular»  and 
Tery  friahle.  With  this  there  is  associated  a  considerable  thickening  of  the  membrane, 
m  «hat  it  forms  large  swellings  which  look  like  new  growths.  The  affection  begins  in 
Uir  rrtrotarsal  fold,  and  from  this  passes  over  to  the  conjunctiva  of  the  eyeball  and  of 
tW  Vui»;  in  the  lids  the  tarsus  also  is  subsequently  imphcated  in  the  degeneration.  In 
I  casr  tlmt  hae  lasted  a  long  time  the  following  clinical  picture  is  found:  The  patient 
cm  not  open  the  eye  because  the  two  lids,  tranaformed  into  large,  miÄ?hapen  sw»'lling8, 
(»>v.  r  ii  irr.  If  the  lids  are  drawn  as  far  apart  as  possible,  the  wax-like  conjunctiva  is 
r^  jp  under  the  form  of  a  rigicl  prominence  all  about  the  cornea,  which  lütter 

in  ^ ,   ..i  or  or  b  coventl  by  panmis.    Thick  swellings,  seatetl  in  the  rctrotarsul  fold, 

protrude  Ixtween  the  lids  and  the  eyeball;  the  plica  semilunaris  also  is  enlarged  until 
rt  forms  a  misshapen  mass.  These  various  swellings  are  s*;»  friable  that  they  often  tear 
vhnii  an  attempt  is  made  «imply  to  separate  the  lids  for  examination,  although  in  so 
doing  they  bleeil  ver>'  little.  The  disea'*e  nms  a  very  chronic  (»oursc*,  dragging  on  for 
jcan  without  any  real  inflammatory  symptoms,  until  at  length  the  patient  is  deprived 
of  the  uae  of  his  eyes  by  his  inability  to  open  the  mis.sha[>en  fids. 

Miscroscopic  examination  has  shown  that  the  degeneration  of  the  conjunctiva 
origifiAte«  from  the  siibconjunctival  cellular  tissue.  This  at  first  is  found  to  be  very 
ihttodanlly  infiltrated  with  ceils  (adenoid  iiroUferation).  This  is  followe<l  by  the  forma- 
tion  to  the  tissues  of  dully  lustrous,  homogeneous  bodies,  ivhich  are  calle^J  by  the  name 
either  of  amyloid  or  of  hyalin,  according  to  the  reaction  that  they  give  with  stains* 
Hyalin  may  occur  as  a  preliminarj'  stage  in  the  development  of  amyloid;  but  generally 
It  repff«wn(a  a  variety  of  tisFue  degeneration  (hi/aline  dtgcfwration  of  ihf  conjundim) 
di^;*.^  f^nn  the  amyloid,  and  showing  no  tendency  to  pas«  over  into  the  hit  tor.  Hyaline 
ti,  1  degenerations  present  jdmost  precist^y  the  same  clinical  picture,  so  that  a 

I*-  M  jinction  between  the  two  can  b*  made  only  by  examining  excis*^!  pieces  of 

«jfii  J  ,  Tjvii      Finally,  calcifieation  or  ossification  may  take  pbce  in  the  degenerated 
,  uiembrane. 
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The  disease  attacks  people  in  middle  life,  and  ordinarily  both  eyes  are  affected. 
Very  frequently  amyloid  degeneration  is  preceded  by  trachoma  of  the  conjunctiva, 
which,  however,  should  not  be  regarded  as  the  cause  of  the  affection,  inasmuch  a«  the 
latter  can  develop  in  eyes  that  previously  were  healthy.  The  actual  cause  of  the  disease 
is  not  known.  In  every  instance  it  is  a  purely  local  process,  for  the  individuals  attacked 
by  it  are  sound  as  far  as  the  rest  of  the  body  is  concerned,  and  do  not  suffer  from  amyloid 
degeneration  of  the  internal  organs,  with  which,  therefore,  amyloid  degeneration  of 
conjunctiva  has  nothing  at  all  to  do. 

Medical  treatment  is  powerless  against  this  disease.  We  must  confine  ourselves 
to  removing  the  growths  upon  the  conjunctiva  to  such  an  extent  that  the  lids  can  be 
opened  and  vision  thus  rendered  possible.  It  is  by  no  means  necessary — indeed  it  is 
not  at  all  advisable — to  remove  by  a  radical  operation  all  the  diseased  parts,  since  the 
portion  of  the  growth  that  is  left  behind  generally  atrophies  of  itself  afterward. 

Leber  describes  under  the  name  of  coniunctwUis  petrifiM.njt  a  dja^afiig  jn  which 
white  spots  appear  in  the  conjunctiva  that  are  produceci  by  the  deposition  of  lime  and 
from  which  ulcers  develop  whose  floor  is  rendered  white  and  hard  by  llIlU!  deposits. 
This  disease  drags  on  for  years  with  frequent  remissions,  and  produces  adhesion  of  the 
lids  to  the  eyeball. 

VIIL  Tuberculosis  of  the  Conjunctiva. 

20.  In  the  coniunfit.ivfl.  fciiberculosis  ordinarily  appears  under  the 
guise  of  ulcers.  Tuberculous  ulcers  are  located  as  a  rule  in  the  tarsal 
conjunctiva.  The  diseased  lid  even  on  external  inspection  looks  thick- 
ened. On  everting  the  lid  there  appears  upon  its  conjunctival  surface 
an  ulcer  which  is  either  covered  by  grayish-red  granulations  (Fig.  55), 

or  has  a  yellowish-red,  lardaceous-looking 
base.  In  its  vicinity  small  gray  nodules 
(tubercle  nodules)  or  outgrowths  resem- 
bling a  cock's  comb  are  often  found  in  the 
conjunctiva.  The  ulcer  shows  no  disposi- 
tion to  heal;  on  the  contrary,  it  spreads, 
Fio.  66.— TuBERcuLo«»  or  the  although  it  does  so  very  slowly.  It  may 
Conjunctiva.  ^^^  ^^^^  ^^  ^j^^  coujuuctiva  of  the  eyeball; 

.«J' whS  i'cSSed^'hÄ'^bStTJd  °i  and  even  the  cornea  is  sometimes  covered 
^?clL^Ä?if?u^^«"^^^^^^^  over  by  a  sort  of  pannus.     In  especially 

exten?  ocXiX  a  gri^yi^h-r^S!     ^^^^^^  ^^^^  the  ulcer  does  uot  remain  con- 

growth,  demarcated  from  the  rest  of  fined  tO  the  COUJUUCtiva,  but  eatS  thrOU^h 
the   coujunctiva   by   a  border  which       ,,  ..         .i.i  *ii.i  i 

Fises  abruptly  and  in  places  is  actually     the  entire  thicKness  oi  the  lid,  SO  that  even 

overhanging.    On  its  Hurface  the  out-  ^        *.  i  «x«  jr?»  i»,. 

growth  bears  numerous  grayish-coated  ou  external  examination  a  deficiency  of  tis- 
Äe'^P^Tlid  t w  t'  mÄa  lit!  sue  is  observable  in  the  lid.  Quite  early  in 
li^f?S?iT^i!e"^Ä^  ^b«  disease  the  lymphatic  , gland  in  front 

tion  to  be  the  size  of  a  pea.  of  the  ear  becomes  swollen;  afterward  the 

lymph  glands  about  the  lower  jaw  and  in 
the  neck  also  become  enlarged.  The  clinical  picture  afforded  by  the 
disease  is  sufficiently  characteristic,  to  make  the  diagnosis  from  it  alone; 
but  to  be  quite  sure  upon  this  point,  we  should  remove  bits  of  tissue 
from  the  ulcer  and  either  demonstrate  the  presence  of  tubercle  bacilli 
in  them  by  the  ordinary  methods,  or  else,  by  inoculating  them  into 
rabbits'  eyes,  set  up  tuberculosis  in  the  latter. 
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Tuljerculosis  of  the  conjunctiva  generally  attacks  only  one  eye. 
The  patient  does  not  suffer  pain;  it  is  only  by  the  swelling  of  the  lid, 
ihm  purulent  secretion,  and  subsequently  l)y  the  diminution  of  visual 
power,  that  he  is  annoyed  and  made  aware  of  the  existenc^e  of  his  trouble. 
The  disease  occurs,  almost  \\ithout  exception,  in  young  people,  and  runs 
an  uncommonly  chronic  course,  being  often  protracte<l  over  many  years. 
Even  after  an  apparently  radical  core  it  shows  a  great  tendency  to 
recur,  and  it  can,  by  infecting  the  rest  of  the  organism,  finally  lead  to 
lieath  from  tuberculosis.  Treatment  consists  in  radically  excising  or 
[*tting  the  ulcer  and  then  cauterizing  the  raw  surface;  using  here  the 
fAlvanoK»auter>^  Icjop  or  lactic  acid  (pure  nr  50  per  cent),  antl  in  the  latter 

^caee  taking  care  that  none  gets  on  the  cornea.  If  the  tuberculous  foci 
so  extensive  that  complete  removal  would  be  followed   by  great 

^formity  of  the  lids  or  marked  sj-niblepharon,  \ve  may  try  to  dissipate 
the  tuberculous  tissue  by  tuberculin  injections  or  phototherapy.  For 
after  treatment  it  is  best  to  apply  iodoform  for  a  long  time  to  the  con- 
junctival sac  in  powder  or  10-  to  2(}-per-cent  ointment — iodoform  being 
ipecially  efficacious  in  tuberculous  processes. 


Tuberaäosis  and  lupus  of  the  conjunctiva  are  to  he  regarded  as  essentially  identical 

ajfcctioiiu,  in  that  both  represent  ulcerative  prfK*e«ses  produc«!  ar^]  inaiiitaineii  by  the 

pwwee  of  tubc»rcle  bacilli.     If  fact,  the  first  cases  of  tuberculous  conjunctival  ulcers 

ir«fe  dcAcribed  as  primar>*  lupus  of  the  cüDiunctivnl  (i.*»,,  lupus  without  wiricident  lupus 

oC  the  skin)  (Arit).     The  two  processes  are  distinguished  onl}^  by  cxteniol  difTemicea 

t^dalitiic  lo  their  ai^ject  and  course.     Thus,  as  a  rule,  lupous  are  distinguJäbed  from 

tubtsreulotw  uhw  of  the  conjunctiva  by  rne  lact  tüat  they  have  migrated  from  akin  to 

fNJjüjQfi    '  "   "    1    like  lu^ms  of  the  akin,  iij^fy  *^flW  ffpyntaoeouB  ciciatrfaEation  on  (Me 

Äßlf^I  r  ITie  ulcer  keeps  advapcing  (see  pages  171  and  IBS}* 

^~Tiihvrcu\u<iii  of  the  conjunctiva  umy  originate  either  in  ectogenous  or  in  endo- 
t  infection.  In  individual  cases,  to  be  sure,  one  often  cannot  dclornTine  which  sort 
is  prx'sent.  UV  should,  c.  g.,  thmk  the  infeelion  ictrtyvtwu:»  if  a  quite  cir- 
(ubereuloua  ulci»r  were  situated  on  the  conjunctiva  of  a  man  in  whom  ehni- 
i^trable  evidences  of  tuberculossis  were  not  prcjitnit  t^Lsewhere.  For  exiunple, 
f  du^t  carrj'ing  bacilli  might  get  into  the  conjunctival  sac  and  by  its  sharp 
Mjuce  a  small  sui^xTficial  k^sion  of  the  conjunctiva,  which  is  thiiB  infect+^1  (lubi^r- 
Iti,  according  to  the  n^scarche^s  of  Valude,  not  |ienetrating  into  the  conjunctiva 
he  epithelium  is  intact).  In  favor  of  an  infection  of  tins  sort  is  the  fact  that 
IP  ofiep  see  tubt^rculous  ulcers  begin  in  the  ref;ion  of  the  sulcus  subt^tr^sd is, 
W9  gmall  foreign  Bodies  are  so  readip^  retamed.  In  such  canes,  the  conjunctival 
TPpi'öaent  !he  only  focus  of  tlie  di.st/ase  in  the  Ixwly— /?r/m<in/  lubercu- 
»  of  thf  c^jiijunctiva.  This  may  remain  for  a  long  lime  confined  to  the  conjunctiva; 
1»  in  exci^ptional  cases,  it  ma^'  even  heal  spontaneoush'.  The  rule,  however,  is  for 
tubcrculoeis  (o  sprejid  from  here  lo  other  parts  of  the  organism.  This  extension  may  be 
by  way  of  the  lymphatic  circulation,  the  neighboring  lymph  glands  being  first  attacked 
by  tiie  tuberculosis.  Or  the  <li.sease  may  extend  by  continuity,  the  tear  piussages  first 
and  then  the  na^d  mucous  membrane  being  infected  by  the  tears  containing  the  bacilli, 
Thos<*  cjises  of  ronjimctivai  tuberculosis  are  so  regiu'dfxl  as  secoruianj  in  which  there  is 
at  the  same  time  tuberculosis  of  the  interned  organs  (especially  the  lungs).  Tlxe  eye 
may  then  l>e  infected  by  the  patient^s  getting  some  of  his  own  tuberculous  sputum  into 
it.  Or  the  tuberculosis  extends  by  continuity,  a  tuberculous  or  lupous  aflection  of  the 
mucous  membrane  passing  to  the  conjunctiva  through  the  teiir  passages.  (Not 
Irequeotly,  therefore,  we  find  conjunctiva,  lachrymal  ssic,  and  nasal  raucous  membrane 
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attacked  at  the  same  time  by  tuberculosis,  and  careful  study  of  the  history  of  the  case 
and  exact  examination  generally  render  it  possible  to  ascertain  whether  the  affection  has 
passed  from  conjunctiva  to  nose  or  vice  versa). 

An  endogenous  (haematogenous)  infection  is  present  when  the  tubercle  bacilli  have 

been  carried  into  the  conjunctiva  through  the  circulation.    This  sort  of  infection  may 

be  assumed  to  exist  especially  in  those  cases  in  which  the  disease  occurs  imder  the  form 

,  A^of  discrete  miliary  foci  in  the  conjunctiva  (see  page  171). 

p\P^      Sporotrichosis  Conjunctivas. — Thia.rare  disease  is  caused  by  the  Sporotrichgn 

[y^Beuna&nni  and  produces  small,  light-yellow,  soft  nodules  in  the  conjunctiva  with  swelling 

of  the  neighboring  lymph  glands.     The  ^ame  changes  also  occur  in  the  lid  margin. 

A  cure  usually  results  from  the  internal  use  of  potassium  iodide. 

Ulcers  of  the  Conjunctiva. — Ulcers  of  the  conjunctiva,  besides  occurring  as  a  result 
of  tuberculosis,  are  also  observed  in  the  following  conjunctival  affections: 

(a)  As  one  of  the  symptoms  of  a  conjunctivitis,  an  example  being  the  minute  ulcers 
originating  in  the  efflorescences  of  conjunctivitis  eczematosa  or  those  which  have  given 
its  name  to  the  pustular  form  of  catarrh. 

(b)  After  the  separation  of  necrotic  portions  of  the  conjunctiva,  as  in  diphtheria, 
or  after  burning  of  the  conjunctiva  with  heat  or  caustics.  Here  belong  also  the 
eschars  produced  artificially  by  the  use  of  too  strong  applications. 

(c)  As  a  result  of  exanthemata;  ulcers,  for  instance,  which  are  derived  from  a 
variolous  pustule  or  from  the  rupture  of  a  bulla  of  pemphigus  upon  the  conjunctiva. 

(d)  upon  the  tarsal  conjunctiva  there  is  quite  often  found  a  small  raw  spot,  from 
which  rises  a  little  mass  of  granulations.  Here  we  have  to  do  with  a  chalazion  which 
has  broken  through  on  the  inner  side  of  the  lid.    As  a  rule,  a  slender  sound  can  be 

,         introduced  through  the  granulations  into  the  cavity  of  the  chalazion. 
^j9  /  (e)  Vaccine  ulcers  due  to  transfer  of  the  vaccine  poison  from  a  vaccine  pustule 

Jr   /  (Purtscher).     They  are  heavily  coated  ulcers  and  are  attended  with  considerable  swell- 
/hig  of  the  pre-auricular  lymph  gland  (cf .  §  36,  Keratitis  Disciformis  and  page  624,  Vac- 
LÄrcine  Ulcers  of  the  Margin  of  the  Lids). 
(/)  Ulcers  in  glanders. 

(g)  Ulcers  which  have  developed  from  the  breaking  down  of  epitheliomata  of  the 
conjunctiva. 

(h)  Syphihtic  ulcers.    Generally  we  have  here  to  do  with  those  losses  of  substance 

which  have  arisen  from  the  breaking  down  of  an  initial  sclerosis.    These,  as  a  rule,  are 

situated  near  the  free  border  of  the  lids,  but  are  also  observed  in  the  retrotarsal  fold  and 

even  in  the  conjunctiva  of  the  eyeball.    The  transmission  of  syphilis  appears  to  take 

place  most  frequently  by  kissing,  and  in  small  children  also  by  the  practice  which  many 

•  j^  nurses  have  of  moistening  the  agglutinated  edges  of  the  lids  with  sidiva  in  order  to  open 

j^  j  them.    In  some  countries  it  is  the  custom  to  remove  foreign  bodies  from  the  conjunctival 

J ,  I  sac  by  licking  them  out  with  the  tongue.    Occasionally,  also,  syphilitic  ulcers  have  been 

/V;  observed,  which  were  produced  by  the  breaking  down  of  gummata  of  the  conjunctiva. 

^/  (Hirschberg).    Syphilitic  ulcers  of  the  conjunctiva  are  among  the  greatest  of  rarities. 

/        Still  rarer  is  soft  chancre  of  the  conjunctiva. 

IX.  Injuries  of  the  Conjunctiva. 

21.  The  following  varieties  of  injuries  of  the  conjunctiva,  which 
are  of  such  frequent  occurrence,  are  observed: 

(a)  Foreign  bodies  in  the  conjunctival  sac.  Small-sized  foreign 
bodies,  like  grains  of  dust,  particles  of  coal  or  of  ashes,  which  so  often 
get  into  the  eye  during  a  railroad  journey,  the  wing  cases  of  small  beetles, 
etc.,  fall  first  upon  the  surface  of  the  eyeball,  are  brushed  away  from 
this  spot  by  the  movement  of  the  upper  lid,  and  then  generally  stick 
to  the  inner  surface  of  the  latter  at  a  spot  not  far  from  its  free  border^ 
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a  shallow  furrow»  the  sulcus  subtarsalis,  runs  parallel  to  the  eJge 
erf  the  lid  and  catches  the  foreign  boily.  The  pahi  wljicli  such  a  foreign 
body  causes,  and  which  is  often  quite  considerable,  does  not  originate 
in  the  conjunctiva  itself,  which  has  very  little  sensitivene^ss,  but  in 
the  cornea,  inasmuch  as  with  every  movement  of  the  lid  the  foreign 
body  is  carried  over  the  cornea  and  scrapes  it.  Hence  the  pain  is  absent 
MB  long  as  the  eye  is  kept  quietly  closed.  It  is  easy  to  remove  the  foreign 
body  after  the  lid  is  everted. 

In  other  cases,  smalK  sharp-pointed  foreign  bodies  penetrate  into 
the  conjunctiva,  and  may  remain  there  a  long  time.  Grains  of  pow- 
der remain  fixed  in  the  conjunctiva  of  the  eyeball  without  giving  rise 
lo  any  further  irritation»  and  may  therefore  be  left  in  the  conjunctiva. 
Larger*sized  foreign  bodies  are  retained  in  the  conjunctival  sac  only 
when  they  get  into  the  upper  retrotarsal  fold.  In  this  spot  they  stay, 
remaining  still  even  during  the  act  of  winking,  cause  no  irritation  of 
the  cornea,  and  therefore  produce  but  little  trouble.  After  some  time 
has  elapsed  they  begin  to  excite  the  symptoms  of  chrome  conjunctival 
^tarrb* 

(6)  Soltaiona  oj  continuUy  of  the  conjunctiva  are  not  rare,  and 
often  associated  with  extensive  infiltration  of  blood  (ecchymosis).  If 
the  edges  of  the  wound  are  not  too  greatly  lacerated,  the  conjunctival 
wound  can  be  closed  with  a  stitch. 

(c)  Burn»  of  the  conjunctiva  and  corrosive  injuries  are  pretty 
frequent.  Burns  are  the  result  of  hot  water  or  steam»  hot  ashes  (espe- 
cially cigar  ashes),  exploding  powder,  tiames  striking  against  the  eye, 
Qiolten  metalSy  etc.  Of  corrosive  injuries,  which  may  be  produced 
both  by  aciils  and  by  alkalies,  those  that  arise  from  tlie  action, of  Urne 
ire  the  most  frequenti  the  lime  getting  into  the  eye  usually  under  the 
form  of  mortar.  As  a  rule  the  injury  is  greater  in  the  lower  part  of  the 
conjunctival  sac  than  in  the  upj>er,  beeause  tiie  eyelmll  turns  up  the  mo- 

P»nt  the  injur>'  is  inflicted»  so  that  its  lower  part  is  exposed  in  the  palpe- 
id  fissure»,  and  also  because  the  hot  or  corrosive  liquid  flows  doTf\»Ti  at 
ce  into  the  lower  part  of  the  conjunctival  sac. 
The  action  of  burns  is  the  same  as  that  of  caustics;  the  ccjujunc- 
tiva  at  the  aflfected  spots  is  destroyetl  and  converted  into  an  eschar, 
Thei^e  s|>ot«  stand  out  as  gray  or  white  patches  in  the  midst  of  the 
reddened  and  swollen  portions  of  the  conjunctiva  that  are  not  e^cha- 
fotic.  The  escliars  separate  in  consequence  of  a  delimiting  sup- 
puration, and  the  resultant  granulating  losses  of  substance  in  the 
ciinjunctiva  heal  by  a  drawing  in  over  them  of  the  neigh! «»ring 
healthy  conjunctiva.  The  final  result  is  therefore  always  the  formatioii 
of  a  cicatrix.  This  may  lead  to  a  diminution  in  size  of  the  conjunc- 
tival sm\  or,  if  of  great  extent,  to  adh*^sion  of  the  lids  to  the  eyeball 
i^>'mbl€»pharon). 

The  pnHftwsis  of  an  injury  by  burns  or  ^ausries  with  regard  to  the 
preecrvatl  on  oi  sight  depends  primarily  upon  the  comTilion  oft  lie  cor- 
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nea,  which,  indeed,  is  always  implicated  in  any  extensive  lesion  of  the 
conjunctiva.  Next  the  losses  of  substance  in  the  conjunctiva  itseit  must 
be  considered,  since  the  adhesions  that  develop  from  them  may  more  or 
less  harm  the  function  of  the  eye. 

The  prime  therapeiUic  requisite,  when  we  get  an  eye  under  treat- 
ment soon  after  injury  by  caustics,  is  the  complete  removal  of  any  cor- 
rosive substance  still  present.  \f^  remove  solid  particles  with  a  linen 
pledget  or  a  forceps,  and  then  wash  the  conjunctival  sac  out  thoroughly 
with  a  gentle  stream  of  water.  In  the  further  course  of  an  injury  by 
burns  or  caustics,  we  must  restrain  subsequent  inflammation  by  cold 
compresses,  atropine,  a  bandage,  etc.  After  separation  of  the  eschars,  our 
aim  must  be  to  confine  the  resulting  adhesions  within  the  smallest  limits. 
For  this  purpose  we  repeatedly  draw  the  lids  away  from  the  eyeball  to 
prevent  adhesion  of  the  two  opposed  raw  surfaces.  If  the  defect  extends 
so  far  as  to  implicate  the  retrotarsal  fold,  we  try  by  transplanting  a  flap 
of  skin  or  mucous  membrane  to  prevent  the  formation  of  an  adhesion  be- 
tween the  lid  and  eyeball,  starting  from  the  fornix  (Symblepharon  pos- 
terius). If,  nevertheless,  this  does  develop,  it  must  be  removed,  as  far  as 
can  be,  by  operation  later. 

Sometimes  foreign  bodies  are  introduced  into  the  eye  purposely.  Chief  among 
these  are  what  are  called  crab's  eyes — lapides  cancrorum.  These  are  flat,  calcareous  con- 
cretions derived  from  the  stomach  of  the  crab,  which  are  in  great  favor  among  the  laity 
for  removing  foreign  bodies  from  the  eye.  The  crab's  eye  is  introduced  between  lid  and 
eyeball,  and  then  pushed  across  the  cornea,  carrying  with  it,  it  may  be,  mechanically 
any  foreign  body  there  present.*^  Sometimes  it  happens  in  performing  this  manipula- 
tion that  the  crab's  eye  sUps  into  the  superior  fornix  and  remains  there  unnoticed.  We 
may  then  find  it  there  months  or  even  years  afterwards,  entirely  imbedded  in  the  out- 
growths of  the  conjunctiva,  which  has  undergone  chronic  inflammation.  Foreign  bodies, 
like  sand,  ashes,  scrapings  from  a  wall,  etc.,  are  also  intentionally  introduced,  in  order 
to  simulate  eye  disease,  into  the  eye,  where  they  set  up  a  conjunctivitis,  j 

By  the  entrance  of  caterpillar  hairs  (see  §  74  Ophthalmia  Nodosa)  or  of  plant 
.  hairs  into  the  conJUIlüllVäl  sac,  acute  inflammations  of  the  conjunctiva  develop  often 
•*^  with  the  formation  of  small  nodules  in  the  conjunctiva  inclosing  the  hairs. 

After  the  action  of  irritants  on  the  eye  an  acute  traumatic  conjunctivitis  is  produced, 
evidenced  by  intense  reddening  of  the  conjunctiva  with  great  photophobia,  lachryma- 
tion,  and  pain,  with  which  is  associated  in  violent  cases  ccdematous  swelling  of  the  lids. 
Such  irritants  are  acrid  vapors,  liquids,  or  dust-like  particles  which  get  into  the  eye 
either  by  accident  or  as  part  of  the  day's  work  in  certain  industries.  For  the  physician 
it  is  important  to  know  that  chrysarobin,  which  used  as  a  remedy  (especially  for 
psoriasis),  may  cause  acute  conjuncuviiis,  and  must  then  be  discontinued.  Under  the 
same  guise  of  anlicütö  trSiUITiäll6  conjunctivitis  occurs  the  conjunctival  inflammation 
which  follows  the  action  of  intense  light,  e.  g.,  after  dazzHng  by  the  reflection  from 
snow  {snow  blindness) j  or  by  the  electric  arc  light  (ophihcdmia  electrica).    (See  page  24.) 

X.  Pterygium. 

22.  Symptoms  and  Course. — A  pterygium  is  a  triangular  fold  of 

mucous  membrane  which  extends  from  the  conjunctiva  of  the  eyeball 

to  the  cornea,  either  at  the  inner  or  the  outer  side  of  the  latter  (Fig. 

56).     The  blunt  apex  of  the  triangle  lies  in  the  transparent  portion  of  the 

^^[Eyestones  (the  flat  upercula  of  certain  molluscs)  are  also  used  for  the  same  purpose. — D.] 
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cornea,  and  is  solidly  and  immovably  united  to  it.  The  base  of  the 
IfiaDgle  spreutU  out  in  the  conjunctiva  of  the  eyeball,  and  passes  into 
it  without  there  being  any  sharp  line  of  division  between  the  two.  The 
apex  i^  called  the  head,  the  base ^  the  body,  of  the  pterygium.  The 
part  that  lies  between  the  two  and  corresponds  to  the  margin  of  the 
corne4i  is  the  neck  of  the  pterygiutn.  Here  the  limits  of  the  fold  of 
ctinjunctiva  are  the  most  sharpiy  dcfitied,  its  borders  being  inverted  in 
«uch  a  way  that  a  small  sound  (*S.  Fig.  56)  can  be  pushed  beneath  them 
for  a  short  distance.  A  pterygium  of  recent  origin  is  succulent,  and 
abound^i  in  vessels  which  run  converging  from  the  base  to  the  apex  and 
impart  to  the  pterygium  its  red  color.  In  fact,  from  itn  sinjiliirity  in 
forni  and  vascularity  (venation)  to  the  wings  of  many  insects  (Hyme- 
auptera),  the  name  of  pterygium 
\b  derived.**  The  fold  of  con- 
junctiva forming  the  pterygium 
is  tightly  stretched,  so  t  hat  there 
lire  produced  a  number  of  radi- 
ally disposed  furrows  or  ßutings; 
furthermore,  in  pterygia  which 
are  situated  at  the  inner  side  of 
the  eye  the  pHca  semilunaris  is 
often  quite  obliterated  and  is  in- 
chjded  in  the  body  of  the  pte- 
r>gium  (Fig.  56). 

In  the  course  pursued  by  a 
pterygium  two  stages  must  be 
lÜjftingtiished,  In  the  first  the 
pterygium  keeps  on  gradually 
growing,  for  years  it  may  be, 
toward  tlie  center  of  the  cornea, 

wUeb  it  may  finally  reach  or  even  pass  (progresswe  pterygium).  Finally, 
the  pterj'gium  comes  to  a  standstill  so  as  to  remain  permanently  attached 
to  the  same  point  upon  the  cornea  {stationary  pkrygium].  \\'hether  in 
tny  given  case  we  are  dealing  with  a  progre^^^ive  or  a  stationary  pter- 
ygium is  determined  mainly  by  the  character  of  the  apex  of  the  growth. 
In  the  progressive  stage  this  uppc'urs  surrounded  by  a  gray  non-vascular 
Bone  which  looks  thick  and  gehatinous.  In  a  stationiiry  pterygium  this 
faarginal  zone  is  found  to  l>e  thin  and  cicatricial  hxiking  and  the  w^hole 
pterygium  is  thin,  pale,  nearly  destitute  of  vessels,  and  tendinous. 

Pterygium  occurs  only  in  that  part  of  the  cornea  corresponding  to 
the  interpalpebral  fissure.  It  is  found  most  frequently  on  the  inner 
rfde  of  the  cornea:  when  there  is  already  one  in  this  spot  another  may 
form  on  the  outer  side  also.  The  two  pterj^gia  may  even  meet  in  the 
center  of  the  cornea,     A  genuine  pterygium  is  practically  never  ob- 


'^^^ 


Flo.  5G. — PrrHTOiuM. 

A  sound,  S,  in  ««med  bcn«fi(h  the  edfce  of  U>e 
pt"CiT«*'*«".  /'•  THp  fjott«*!  imv  show?  Ih*»  w»y  tii  which 
the  «ectton  i*  tUAtle  in  rcmoviiin  the  pterygium,  <^, 
canincle.  The  adjifte4*Dt  plim  ^«•milyimriH  Ui^t«  been 
datteucHl  ijMt  by  the  l-eiifiivt«  force  of  (he  pU*ry|tiun], 
mad  i»  hence  iitvinble.    /*,  upper  puitctuiu  Incrinmle. 


^*  FromlwTfpvyioK,  the  diminutive  oil  *T«p«»f.  a  wi; 
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served  at  the  upper  or  the  lower  margin  of  the  cornea;  on  the  other 
hand,  it  is  not  infrequently  the  case  that  both  eyes  are  attacked  simul- 
taneously by  pterygium,  so  that  we  sometimes  see  patients  who  have 
four  pterygia,  one  on  the  outer  and  one  on  the  inner  side  of  either  cornea. 

Among  the  injurious  resiUts  which  a  pterygium  entails,  the  worst 
is  the  damage  done  to  the  eyesight.  This  begins  to  be  produced  as 
soon  as  the  point  of  the  pterygittm  projects  into  the  pupillary  area  of 
the  cornea,  and  it  increases  in  proportion  as  the  point  approaches  the 
center  of  the  latter.  Moreover,  pterygium  by  the  tension  to  which  it 
gives  rise  often  causes  a  condition  of  irritation  in  the  eye,  as  is  shown 
by  the  marked  injection  and  succulence  (catarrhal  inflammation)  of  the 
pterygium  itself.  In  addition,  the  membrane,  particularly  if  very 
much  reddened,  forms  a  striking  disfigurement  and  can  also  cause  a  re- 
striction of  the  mobility  of  the  eye.  If,  for  example,  a  pterygium  is 
situated  on  the  inner  side  of  the  cornea  and  the  eye  is  meant  to  be 
turned  strongly  outward,  the  eye  may  be  restrained  in  its  movement 
by  the  tension  of  the  pterygium,  and  therefore  fail  to  move  laterally  as 
far  as  the  other  or  healthy  eye,  so  that  binocular  diplopia  may  be  pro- 
duced in  consequence  of  this  faulty  placing. 

Etiolos^y. — A  pterygium  is  nothing  but  a  fold  of  conjunctiva  drawn 
up  over  the  cornea  and  fastened  to  it.  It  originates  from  the  Pinguec- 
ula, the  degenerative  process  which  exists  there  making  its  way  into 
the  Umbus,  and  then  gradually  upon  the  cornea  itself.  The  Pinguec- 
ula, therefore,  grows  up,  as  it  were,  over  the  cornea,  and  in  so  doing 
draws  the  conjunctiva  after  it.  Since  the  pterygium  originates  in  the 
Pinguecula;^  it  is  evident  why,  like  the  latter,  it  should  occur  only  at  the 
inner  and  outer  margins  of  the  cornea.  And  as  the  Pinguecula  develops 
in  consequence  of  the  injurious  influences  which  tlie  conjunctiva  in  the 
region  of  the  palpebral  fissure  is  exposed  to  in  the  course  of  years,  the 
like  is  true  of  pterygium  and  in  a  still  greater  degree.  Hence  it  is  found 
only  in  elderly  people,"  and  in  them  especially  when  they  are  much 
exposed  to  wind  or  dust,  as  in  the  case  of  country  people,  coachmen, 
masons,  stonecutters,  etc.,  while  among  the  well-to-do  classes  ptery- 
gium belongs  among  the  rarities.  The  fact  that  the  conjunctiva  is 
stretched  tightly  over  the  cornea  accounts  for  the  triangular  form  of  the 
fold,  its  incurved  margin,  and  its  great  tension  in  a  horizontal  direction. 

Treatment. — The  treatment  of  pterygium  consists  in  its  ablation  by 
Arlt's  method.  With  a  toothed  forceps  we  grasp  the  pterygium  at  its 
neck,  where  the  incurving  of  its  margin  permits  it  to  be  partially  lifted 
from  its  bed.  Starting  from  this  point,  we  carefully  dissect  off  the 
head  from  the  cornea,  upon  which  it  lies,  keeping  strictly  to  the  line  of 
division  between  the  tissue  of  the  pterygium  and  the  cornea.  We  must 
be  particularly  careful  to  remove  thoroughly  the  gray,  gelatinous  zone 
at  the  apex  of  the  pteryp:ium,  scraping  it  away  if  necessary.      When 

1*  [But  in  this  country  at  least  is  observed  in  comparatively  3roung  pereona.    Thus  I  have  seen  it  in 
a  boy  of  nineteen. — D.] 


DISEASES  OF  THE  CONJUNCTIVA, 

the  whole  of  the  heüd  as  far  as  the  limbus  has  been  separated  from  the 
eom^H  we  circuriiscribe  this  segment  by  carrying  from  the  upper  and 
lower  margins  of  the  neck  two  converging  incisions  into  the  body  of 
the  pterygium  (the  dotted  line,  Fig,  56).  In  this  way  a  rhomboidal 
piece,  containing  the  head  and  part  of  the  body,  is  excised  and  a  raw 
surf&ce  remains,  one  portion  of  which  lic^  in  tlie  cornea^  the  other  in 
the  conjunctiva  of  the  eyeball  This  liist  is  covered  by  uniting  the  upper 
and  lower  margins  of  the  section  by  means  of  one  or  two  interrupted 
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Fia.  ST.—LoHQttVTtTttAt,  Stcnoj*  THHoron  a  PttRYomst*     KogniScd  12  K  I. 


The  AtHfX  of  the  plerypiurn  in  »huwn  ul  m  ihrough  tlie  entl  of  BowmftnV  mpmbranc.     At jy  i«  the 
bottlKifcry  betw«Nen  the«puheliuiii  of  the  ctJHjmictivtt  nii<l  of  lb«  cornea. 


At  6t  b\.  61 1  ^  lie  cavitiw  lin«! 

ptsryK  <  r  A^i^  nt«  F<unikc«'  01  tue  cornea,  and  wiiicn  are  uivirieci  Dy  me  secuoo 

dcM«  t  Beneath  them  at  m  are  to  b«?  i*e*n  rernaiii!^  of  Bownm//*  rnembr&ne. 

Th«  eyt  .._  «-«nuTttly  tbi*  iri.i  in  the  w«tion  lookus  »hort  and  thick;  it?  ptipillnry  por- 

ikaa  rti«»  Mh  >r  capsule  of  the  len»  mid  iiid«>«d  actually  \^  overhaoKiiig  («o  un  to 

eiHieäiJi  the  ^  '  the  trir<  reompüri?  Fig.  t43).    Coni^icuoUfily  visible  on  the  anterior 

iuffac«  of  tht    --    --■  ...  i :    luberant  ctun  tract  ion  fold»,  f,  ■!«>  ibe  orific«  of  a  crypt»  c,  and  lastly 

«a  Mi«uiaulattöa  o(  pinttueutt^  oeH*  n  in  the  superficial  hhyers  which  appear  as  a  brown  apot  io  ibe 
i»ibcrwtac  blue  iris  (dkvub  iridU). 


fl^utures.  The  wound  in  the  cornea  heals  by  a  cicatrix  forming  over  it, 
in  consequence  of  which  a  permanent  opacity  remains.  Care  in  sewing 
up  the  conjunctival  wound  is  of  the  greateät  importance,  especially  in 
the  neighborhood  of  the  Hmbus,  ajs  otherwise  the  conjunctiva  grows 
anew  over  the  raw  surface  of  the  cornea,  and  thus  the  pterygium  recurs. 
However,  even  after  carefully  performed  operations  relapses  are  not 
infrequent,  and  then  a  second  removal  is  required. 

Ablation  is  indicated  in  every  case  of  progressive  pterygium.    Even 
though  the  pterygium  is  still  small,  we  can  not  be  sure  that  it  will  not 
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grow  into  the  pupillary  area  of  the  cornea.  Hence  we  prefer  by  per- 
forming ablation  to  guard  in  time  against  injury  to  the  eyesight.  If 
the  pterygium  has  approached  sufficiently  near  the  center  of  the  cornea 
to  cause  disturbance  of  vision,  this  disturbance  is  indeed  rendered  less 
by  the  operation  of  ablation,  but  is  not  completely  done  away  with, 
since  those  spots  of  the  cornea,  which  were  occupied  by  the  pterygium, 
never  again  become  perfectly  transparent.  In  any  case,  the  associated 
symptoms  of  irritation,  the  restriction  of  mobility,  and  the  disfigure- 
ment are  removed  by  the  ablation.  A  stationary  pterygium  does  not 
necessarily  require  ablation;  in  this  case  we  shall  be  guided  mainly  by 
the  wishes  of  the  patient  with  reference  to  the  removal  of  the  disfig- 
urement, etc.  [Many  prefer  transplanting  the  pterygium  (see  infra)  to 
ablation. — D.] 

The  older  writers  distinguished  a  pterygium  crassum  (vasculosimi,  camoeum, 
sarcomatosum)  and  a  pterygium  tenue  (membranaoeum).  The  former  corresponds  to 
a  catarrhally  inflamed,  and  hence  therefore  red  and  thick  pterygium,  the  latter  to  a 
stationary  pterygium,  which  has  become  thin  and  tendinous. 

A  pterygium  has  been  shown  to  be  histologically  identical  with  the  conjunctiva  of 
the  eyeball,  of  which  indeed  it  is  only  a  drawn-out  and  projecting  fold.  It  consists 
mainly  of  fibrillar  connective  tissue,  which  is  covered  with  the  epithelium  of  the  con- 
junctiva. The  apex  of  the  pterygium,  however,  is  often  covered  by  the  corneal  epithe- 
lium, so  that  the  pterygium  may  be  said  to  force  its  way  underneath  the  latter  (Fig. 
57,  g).  In  the  tissue  of  the  pterygium  are  found  new-formed  tubular  glands  and  also 
larger  spaces  lined  with  epithelium  (6,  ö^,  6„,);  from  both  of  these  small  cysts  may  de- 
velop. Bowman's  membrane,  where  it  lies  beneath  the  pterygium,  is  destroyed;  indeed, 
the  uppermost  lamellse  of  the  cornea  even  are  replaced  here  and  there  by  the  tissue  of 
the  pterygium.  This  explains  why,  even  after  the  ablation  of  the  pterygium,  the 
cornea  does  not  regain  its  normal  transparency. 

Arlt  deserves  the  credit  of  having  made  the  operation  for  pterygium  a  success  by 
demonstrating  the  necessity  of  closing  the  conjimctival  wound.  Previously  people  had 
been  satisfied  with  simple  ablation,  and  had  so  frequently  had  recurrences  after  this 
operation  tliat  with  many  it  had  altogether  fallen  into  disrepute. 

In  very  broad  pterygia  it  is  difficult  or  impossible  to  unite  the  edges  of  the  con- 
junctival wound  by  a  suture.  In  that  case  lil>erating  incisions  are  made  through  the 
adjacent  conjunctiva  in  order  to  make  it  easy  to  draw  it  down;  and,  instead  of  cutting 
off  the  point  of  the  pterygium,  it  may  be  sewed  into  the  gaps  which  have  been  made  by 
the  hberating  incisions.  [This  is  called  transplanting  the  pterygium.  Knapp's  method 
of  transplantation  is  shown  in  Fig.  58.  McReynold's  method  is  somewhat  hke  this,  but 
the  conjunctiva  is  divided  only  along  the  lower  edge  of  the  pterygium,  the  conjunctiva 
below  the  pterygium  is  undermined,  and  the  pterygium  is  drawn  down  and  sewed  into 
the  pocket  thus  formed  by  a  double-armed  suture  brought  out  through  the  conjunctiva. 
The  upper  edge  of  the  pterygium  with  the  conjunctiva  still  attached  to  it  is  thus  drawn 
out  smooth  and  flat. — D.] 

Pseudo-Pterygium  (Cicatricial  Pterygium).— Sometimes  we  observe  as  a  result 
of  inflammatory  processes  fixation  of  a  fold  of  conjunctiva  upon  the  cornea,  giving  a 
picture  similar  to  that  of  true  pterygium.  For  example,  there  may  be  a  gonorrhoeal 
conjunctivitis,  with  great  Chemosis  and  a  pretty  large  marginal  ulcer  of  the  cornea. 
The  chemotic  protuberance  of  the  conjunctiva  becomes  applied  to  the  surface  of  the 
ulcer  and  adheres  to  it.  After  the  inflammation  has  abated,  the  swelling  of  the  conjunc- 
tiva goes  down,  and  the  chemotic  protuberance  disappears;  but,  at  the  spot  where 
union  with  the  cornea  has  taken  place,  the  conjunctiva  remains  permanently  fixed  to  the 
latter.  We  then  see  a  triangular  fold  formed  of  conjunctiva  extending  over  the  limbus 
and  upon  the  cornea,  and  attaching  itself  there.    Ordinarily,  at  that  patt  of  the  fold 
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oorpvpocidiiis  to  the  Umbus  a  snmll  sotind  can  be  passed  all  tho  way  beneath  tbe  fold, 
ftsign  Ihftt  the  latter  is  adherent  to  its  IkhI  ul  its  apex  only  und  not  throughout  its  whole 
extMii.  Thia  m  the  must  itni»ortant  diafinguiahing  mark  between  a  true  and  a  falae 
plerypiiiii;  another  eonfii^itä  in  tha  fact  tliat  a  [j«$i*udü-pterygiuni  dorn  not  keep  un 
ginsfwing  over  the  cornea,  as  a  true  pterygium  diK*^,  but  remaina  lixed  forever  to  tlie 
•pot  at  which  it  first  lKH.'aiiic  adJierent,  In  its  origin  and  its  behavior  a  pöeudo-ptciy» 
pmm  ia  more  like  a  Symblepharon  than  a  (genuine  pterygium. 

IWudogteryy**  »^w*  nt^pr^fl  nnt  only  after  goiiurrhtral  conjunctivitis,  but  alflO 
ilier  chphniena,  burning  by  heat  and  t>y  cauBtics^  prolapfr^es  of  the  iris,  the  removaTof 
DPwTgfTwttlg.  t?ig.  TT  m  tJVKll'lll  ttlill  Ihey  may  develop  not  onl^''  at  the  outer  and  inner 
aiiH,  Imt  at  any  side  whatever  of  tlie  cornea.  The  peeudo-pter>*gia  remaining  aft^r 
fOOoiThoBai  conjunctivitis  are  anually  found  above,  thcwe  prociuced  l»y  Itiimf*.  etc., 
most  ffvqtientiy  at  the  lower  part  of  the  cornea  (in  the  area  correst>unding  to  the  ptilpe- 
brmi  fksur«). 

Apother  kind  of  peeudo>pterygium  is  that,  which  develops  after  a  chronic  s 
ficud  ulcienLiiQn  ol  t lie  marginal  port  ioria  oi  tne  cornea  JKeratmB  marginaim  «upefKi 
Ttg.  7<i>,     Owing  to  the  cicatrijatjon  w'AlW  VßlUU'ö  ■^-  --'-—--     -^ 


.   -  -    —  n ..JcIftBä. 

Tue  ulcerative  process  the  oou- 


fFia,  58.— KNAfP*«  TaAjrapLASTATioN  or  Ptebyüiüm,     (After  Notri*  and  Oliver.) 

.,A  ..(  )L..  f.i,.r .  ,.,.,»t.     I    .,     ,.  .i..,..nt*HJ  off.  and  the  itirii»ionM  6«  mid  U  carriwl  ftloiut  tb© 

^  a.    Thi*tMj»  inciMorjH  are  prolonKitl  tntti  tli«  upper  »fid 
itp  «11,  di  mid  duK     llie  pt«ryiciuni  ih  then  (lirtiicK«d, 
r  u  hurirxund&i  inri'iion  U,  f  iuto  aii  upp«*r  uml  u.  Inwrr 
I  into  jhe  dt»ft'<'t  fiw,  itte  tip  of  tlir  lowt-r  lialf  into  M.     Tlie 
'  wo  ijuadrantnilar  c^uijuiictival  f\ap^.  which  ar*«  iimi^-nnined 

,^ , ^...  ...p..  ...^ ,  .♦  .  .      *..  .^^>  ai  t4j  cü%-er  Üve  defend  dm.     The  iniienn<j«t  «titch  ccmtieetitvs 

Üm§m  im  «^  pwoi  thxvush  ttic  base  of  the  pterygium. — DA 


jimctjva  is  drawn  up  steadily  over  the  cornea.  These  pseiido-pterygia  are  very  similar 
to  iruu  pierygia,  for  hke  the  latter  they  keep  on  growing  slowly  over  the  cornea,  and 
unlike «ytber  peeudo-plerygia  are  not  com|detely  fjcrforate  at  the  limbus,  Tlie  differential 
doi^Doeid  betwtH*n  tliese  and  the  true  pterygia  can  hv  made  only  tn  caj^e  we  find  the 
ulcer»! iv^  proce**«  ur  it>4  set|Uidie  (a  supcrhcitd  corneal  opacity)  ujion  the  marginal 
portktaa  of  the  cornea  not  implicated  in  tlie  |Uerygium. 

SnuJl  peeudt»-pterygiH  may  without  disadvantage  be  left  undisturbtnl;  largor  on«« 
W*  getierally  remove  in  the  same  wuy  ilh  genuine  pten'gia,  and  unite  with  stitche*  the 
iratiiids  left  in  the  conjunctiva.  In  those  ca*«^  in  wViich  the  pt^eu  do -pterygium  is  not 
adhftvnt  to  the  surface  of  the  eyeball  at  a  s|Mit  corre?^ ponding  to  the  llmhus.  uhlatioD 
anil  tJie  iwe  of  the  «uture  may  be  disperLsed  with;  it  is  »utlicient  simply  to  free  the  jjoint 
of  tht*  pai^tido-pterygium  from  the  cornea,  upon  doing  whicli  the  former  retracts  of  itiielf 
&nd  disappeani  by  a  process  of  atrophy. 

It  ??nmp*imes  happens  that  an  old  pannus  w^hich  has  already  lueen  IranB/onned 
\Tt'  tiamie  iä  united  to  Fhe  subjacent  comea  on)v  t^y  jf^m^  rM'H^jijftr  tiaaue. 

fti  v-^Ä  WflAtn  freedom  of  movement,  so  that  it  can  be  shifted  thi«  way 

UkI  tiufct  upon  It«  bed  along  with  the  conjtinctiva  of  the  eyelmll.  So  in  this  way,  too, 
&  picture  aimilar  to  that  of  a  ptcrvTJuni  Tnay  he  produced.  ~ 
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XI.  Symblephabon. 

23.  Symptoms. — By  Symblepharon^  we  understand  a  cicatricial 
adhesion  between  the  conjunctiva  of  the  lids  and  the  conjunctiva  of 
the  eyeball.  In  that  case,  when  we  attempt  to  draw  the  lid  away  from 
the  eyeball,  we  observe  that  in  one  or  more  places  bands  extend  from 
the  inner  surface  of  the  Ud  to  the  surface  of  the  eyeball,  and  that  these 
become  tightly  stretched  and  prevent  us  from  drawing  the  lid  away 
completely.  These  bands  generally  look  tendinous,  more  rarely  fleshy, 
and  may  be  attached  not  only  to  the  conjunctiva  sclerae,  but  also  to 
the  surface  of  the  cornea  itself.  If  the  adhesion  between  the  two  con- 
junctival snrfanfts  ft-i^t^nHa  so  far  peripherally  as  to  reach  into  the  fornix, 
we  call  this  Symblepharon  posterius  (Fig.  59  B).  If  the  adhesion  does 
not  extend  as  far  as  this,  so  that  tTie  cicatricial  baifBTtHrBtCh  hke'a 
bridge  betW(^en  the  lid  ana  the  eyeball,  and  we  can  introduce-a-gound 


Fio.  59. — Symblepharok  (Schematic). 

A,  sjrmblepharon  anterius;   B,  Symblepharon  posterius  by  adhesion;  C,  Symblepharon  posterius  by 

cicatricial  »hrinmng;  /,  fornix. 

beneath  them  and  carry  it  along  the  fornix  between  the  lid  and  the 
globe,  it  IS  then  called  Symblepharon  anterius  (Fig.  öy  a;,  inis  dis- 
tinction  ha^  been  made  for  practical  reasons,  inasmuch  as  Symblepharon 
anterius  can  be  readily  cured  by  an  operation,  while  Symblepharon 
posterius  can  be  cured  with  difficulty  or  not  at  all.  Symblepharon  totale 
is  a  total  adhesion  between  the  lids  and  the  eyeball — a  condition  which 
occurs  but  rarely. 

Etiology. — Symblepharon  develops  whenever  two  opposed  spots  of 
the  conjunctiva  of  the  lid  and  of  the  eyeball  have  raw  surfaces  which 
come  into  contact  with  each  other,  and  in  consequence  become  adhe- 
rent. Such  a  process  of  adhesion  results  of  necessity  when  the  two  raw 
surfaces  extend  up  into  the  fornix  and  there  become  continuous,  since 
two  raw  surfaces  which  meet  at  an  acute  angle  always  begin  to  unite 
at  this  angle  of  junction.    Causes  which  may  give  rise  to  the  formation 


*"  From  (Tvv,  together,  and  ß\i^apov,  eyelid. 
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of  raw  surfaces  upon  the  conjunctiva  are  burns  by  the  action  of  heat, 
burtki   from   cau^lic  subbtances,   diphtJieria,    operatiüns,    ulcei"s   of  all 

The  expression  Symblepharon  is  also  employed  in  a  somewhat  dif- 
itrttxi  aeuäie  to  denote  the  contraction  of  the  conjunctiva  which  occurs 
aa  a  result  of  its  gradual  shrinking.  In  this  case  it  it^  not  a  question  of 
_ao  adhebioa  between  two  raw^  conjunctival  surfaces,  but  of  a  gradual 
liBitiution  in  sixe  of  the  conjunctival  sac.  The  folds  of  the  retrotarsal 
Rgion  are  first  smoothed  out;  the  conjunctiva  of  the  lid  passes  to  the 
ireball  directly  (Fig.  59  C)  and  whenever  the  lid  is  drawn  away  is  pulled 
It  into  tease  perpendicular  folds.  In  advanced  cases  the  conjunctival 
is  converted  into  quite  a  shalh>w  groove  between  the  eyel^all  and 
the  lid.  »Since  contraction  of  the  conjunctival  surface  due  to  shrinking 
Iwa^^B  makes  itself  first  ap- 
ircnt  by  disap|>earance  of  the 
retrotarsal  fold,  all  these  cases 
belong  to  synililepharon  pos- 
terius. This  kind  of  sym^jle- 
pharon  is  observed  principally 
iifier  trachoma;  furtliermore,  in 
the  rare  cases  of  pemphigus  of 
the  ooDJunctiva. 

Very  slight  cases  of  symble- 
phanin  produce  no  l>ad  results 
worth  mentinning.  When  there 
are  more  pronounced  adhesions, 
the  excursions  of  the  eye  are 
hindered,  and  thus  possibly  di- 
plopia may  be  jtrodoced  just  as 
in  the  case  of  pterygium.  Inas- 
much as  with  the  movements 
the  eye  traction  is  made  at 
be  site  of  the  adhesions,  the  eye 

into   an   irritated   condition.     If   the   adhesions   extend   into   the 

ion   of  the  palpebral  fissure  they  Vjecome  disfiguring,  and  if  they 

Itend  as  far  as  the  cornea  they  may  injuriousl}^  affect  the  sight,    Some- 

Imes  the  lids  are  so  fastened  down  liy  extensive  adhesions  that  their 

>mplete   closure  is  impossible,  and  lagophthalmus  is  produced   with 

consequences  that  are  so  baneful  to  the  cornea.    Total  Symblepharon 

obviously  aHsoriated  with  complete  blindness  (or  at  most  with  quanti- 

itive  perception  of  light). 

Treatment,— This  involves   an  operation.     Cases  of    Symblepharon 

inlrnus  are  etu^ily  cured.     We  separate  the  adhesions  between  the  lid 

r»d  eyeball  with  great  care,  so  as  not  to  cut  into  the  sclera  or  the  tarsus. 

ben  the  lid  has  been  set  free,  we  must  then  make  it  our  business  to 

event  a  readhesion  of  the  freshly  made  raw  surfaces,  and  to  make 


Fio,  00.^ — Operation  fob  a  Syubi^efbaiion 

PcMJTKiUVft, 

Tbp  wuuiiiJ  in  Ujp  pnlprbrnl  c«Jnjuncli%^a  (a)  hM 
been  It^ft  oppn,  ibat  in  tbe  bulbar  toTÖimctiva  clooed 
by  twit  interrupted  »uJurei».  lit  ordi?r  ro  b«*  able  to 
driiw  (be  ctjniuncMvft  \ii*  over  \hf  mw  surface,  a  lib- 
eratiog  incj**iuii  ba*  Ivpen  made  ab>nK  *li"*  inarKin  i.tf 
Ibe  cornea,  inwardi  and  outward  troni  thtt  upper  eod 
of  the  wound. 
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each  of  these  cicatrize  by  itself.  This  is  effected  by  repeatedly  drawing 
the  lid  away  from  the  eyeball,  and  also  by  interposing  a  pledget  dipped 
in  oil  or  smeared  with  ointment  between  the  Ud  and  the  eye. 

In  Symblepharon  posterius  we  also  begin  by  separating  the  adhe- 
sions as  far  back  as  the  fornix.  We  then  see,  when  we  have  drawn  the 
lid  away  from  the  eyeball,  two  corresponding  raw  surfaces,  one  in  the 
eyeball,  the  other  on  the  lid  (Ptg.  60).  These  two  opposed  surfaces, 
which  meet  at  the  fornix,  would  soon  reunite,  beginning  at  the  fornix, 
if  we  did  not  take  care  to  have  one  of  the  raw  surfaces  covered  with 
conjunctiva,  so  that  a  place  coated  with  epithelium  lies  opposite  to  the 
raw  surface  remaining.    The  wound  on  the  eyeball  is  the  one  we  select 


[FiQ.  61. — Operations  for  Symblepharon.     (After  Knapp  in  NorriB  and  Oliver.) 

A.  Arlt's  second  method  used  when  the  cornea  is  encroached  upon  (pseudo-pterygium).  Thif 
latter  is  detached  from  the  cornea  and  eyeball  down  to  the  fornix,  and  the  nead  of  it  is  stitched  into 
the  fornix  by  a  double-armed  thread,  which  is  passed  through  the  lid  so  as  to  form  a  loop  on  the  cu- 
taneous surface  of  the  latter.  This  loop  is  tied  over  a  roll  oT  gauxe  or  bit  of  rubber  tubing.  The  raw 
surface  of  the  conjunctiva  is  covered  in  as  shown  in  Fig.  60. 

B.  Knwp's  method  for  covering  the  defect  with  two  sliding  flaps  of  conjunctiva.  To  prevent 
these  flaps  from  over-riding  the  cornea  their  lower  borders  are  fastened  down  with  stitches  carried 
through  the  submucous  tissue  of  the  fornix  or  through  the  thickness  of  the  lids  as  described  in  A. 

C.  Tcale's  method.  A  sliding  quadrangular  vertical  flap  is  fashioned  out  of  conjunctiva  at  c  and 
another  one  at  d.  Flap  c,  is  brought  down,  rotated  9(f,  and  stitched  in  place  so  as  to  cover  the  defects 
in  the  bulbar  conjunctiva,  flap  d  covering  that  in  the  tarsal  conjunctiva.  The  raw  spots  left  by  the 
removal  of  these  naps  are  covered  in  by  drawing  the  adjacent  conjunctiva  over  them  and  stitehing  it 
in  place. — D.] 

for  covering  over,  because  the  conjunctiva  of  the  .eyeball  can  readily 
be  displaced,  while  the  conjunctiva  of  the  lid  is  adherent  immovably  to 
the  tarsus.  We  loosen  the  conjunctiva  of  the  eyeball  on  both  sides  of 
the  wound,  draw  it  down  over  the  latter,  and  unite  it  by  sutures.  Espe- 
cial care  must  be  devoted  to  uniting  the  wound  in  the  neighborhood  of 
the  fornix.  If,  after  dividing  the  adhesions,  the  raw  surface  upon  the 
eyeball  is  so  large  that  it  can  not  possibly  be  covered  by  conjunctiva, 
reunion  of  the  Symblepharon  will  inevitably  result.  Hence,  cases  of 
extensive  Symblepharon  posterius,  and  obviously  also  cases  of  Symble- 
pharon totale,  are  incurable.  The  same  is  true  of  Symblepharon  induced 
by  the  gradual  shrinking  of  the  conjunctiva. 

We  sometimes  also  operate  for  Symblepharon  in  the  case  of  a  blind  and  shriveled 
eye  so  as  to  be  able  to  introduce  an  artificial  eye  over  it. 

Different  methods  [besides  the  above  of  Arlt's]  have  been  devised  to  enable  us  to 
eparate  for  cases  of  Symblepharon  posterius  with  extensive  adhesion.    Himly,  in  an 


DT8EASES  OF  THE  CONJUNCTIVA, 


205 


ffpfnitffm  aaalo^us  to  tliat  for  s^tidactytisni,  ftmi  made  a  preliminary  perforation  of 
Ibe  adbesioQ  Along  iLe  foriiix^  and  varried  a  lead  wire  ihruugit  the  canal  6o  formed. 
The  laiter,  after  the  wire  hae  been  in  it  a  pretty  long  time,  become*  covered  witli  epi* 
thflT«ay**  (like  the  canal  made  by  piercing  the  lobule  of  the  ear  for  earrings)^  »u  that  the 
•jmitrfephiLron  posteriua  is  cliangied  into  a  symbleplmron  anterius,  and  can  be  operated 
apon,  like  tJie  latter,  by  simply  sejjaraling  the  adhesion.  Some  have  attempted  to 
«over  a  targe  lotis  of  substance  upon  tlie  eyeball,  caused  by  the  removal  of  a  syinble- 
pbuxm,  by  making  the  conjimetiva  that  ia  to  be  drawn  up  over  it  movable  by  means  of 
Übermtiiig  incisions»  or  by  fashioning  pedicellate  liafiä  out  of  conjunctiva  and  attaching 
ibecD  to  the  wound  (I'eale,  Knapp).  Utliers  (Stell wag,  Wolfe)  liave  grafted  non-pedi- 
eellAte  flapei  fonned  out  of  bii^  of  niiicous  müinbrant*  from  otlier  loealitiei*  (the  conjunc- 
liv»  of  the  other  eye,  the  mucous  membi^ne  of  the  lip«,  or  that  from  the  mouth  or 
ngintt,  or  e'V'cn  the  mueouji  mernbnine  of  animals)  upon  the  raw  spot,  and  liave  ob- 
tai0cid  union.  Others  again,  for  covering  a  loss  of  substance»  take  the  external  skin 
ihser  in  the  form  of  small  flap«  grafted  upf>n  the  surface,  or  as  pedicellate  flaps  which 
thrust  in  between  the  eyeball  and  the  lid  through  a  fenestra  cut  through  the  latter 
at,  Snellen).  As  an  adiunct  m  thoiie  difTeront  methods  we  may  directly  after  the 
ttion  of  the  operation  insert  a  properly  htting  shield  into  the  new  conjunctival 
twe<'n  the  eyeball  anil  the  lid.s  and  let  it  stay  until  firm  cicatrization  hns  eni^ueiL 
tifieial  fornix  may  be  made  (e^pt^'ially  for  the  rtM-eption  of  an  artificial  eye)  by 
[ig  a  WolfTe  graft  into  the  groove  made  by  diaseeting  f>ut  the  cicatricial  tissue, 
Rchoring  the  graft  dowTi  by  istitches  passi^tj  through  the perio.steuni  of  the  orbital  mar^nn 
I  the  lids,  and  keeping  it  in  place  by  a  gutta-p«*rcha  plate  (Wwks). — D.|  Generally 
ng.  we  are  olilige^I  to  acknowledge  that  in  extensive  adhesionn  all  rncthiHls 
but  scanty  result ?i  to  offer,  since  the  Symblepharon  commonly  returns  on  account 
of  iht  subsequent  Bhrinking  of  the  conjunctiva. 
^  Fqt  epiiarauSf  sec  page  148. 

XII.  Xerosis, 

24.  Symptoms*^ Under  the  name  of  xerosis-^  conjunctivae  we  desig- 
an  alteration  of  the  eonjuiietiva,  generally  occurring  in  patches  and 
ting  in  a  dryness  of  the  membrane.  The  surface  of  tlie  conjtmctiva 
xerotic  spots  gli.st^ns  like  fat  and  is  of  a  whitish  color,  and  looks 
ither  like  epidermis  or  as  if  it  were  covered  with  dried  foam.  If  the  change 
ffectji  the  scleral  conjunctiva  the  latter  is  thicker,  less  pliable,  and  lies 
stiflf  folds.  The  tears  flow  over  the  diseiised  spots  without  moistening 
hem.  An  analogcms  change  is  also  olj.served  iu  the  cornea,  the  surface 
'  which  looks  dull,  lu.sterless.  and  tiry,  while  the  parenchyma  of  the  cornea 
"it  the  same  time  is  found  to  have  lost  its  transparency  (xerosis  corneie). 
Etiology. — The  cases  in  which  xerosis  is  observed  are  dividtnl  into 
VQ  groups.  In  the  first,  xerosis  is  the  result  of  a  local  affection  of  the 
(re;  in  the  second,  it  is  an  accompanying  symptom  of  a  general  disease. 
Xerosis  resulting  from  a  local  affection  of  the  eye  is  founil: 
^(o)  In  cicatricial  degenerfttion  of  the  conjunctiva.  It  is  (d)served 
8t  frequently  as  the  final  outcome  of  trachoma,  and  also,  hut  more 
Jy,  after  diphtheria,  pemphigus,  bums»  etc.  It  begins  in  is< elated 
\)t%  but  may  ultimately  spread  over  the  entire  conjunctiva,  and  over 
be  cornea  also.  In  the  latter  case,  since  the  xerotic  cnrnea  grows 
opaque,  the  eye  becomes  blind.     This  form  of  xerosis  is  incurable. 
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(6)  Deficient  sheltering  of  the  conjunctiva,  so  that  the  latter  is  con- 
stantly in  contact  with  the  air,  may  likewise  lead  to  xerosis.  This 
occurs  in  ectropion  and  in  lagophthalmus  (incomplete  closure  of  the 
lids).  In  the  former  case  the  exposed  portion  of  the  tarsal  conjunctiva, 
in  the  second  case  that  part  of  the  scleral  conjunctiva  and  of  the  cor- 
nea lying  in  the  course  of  the  palpebral  fissure,  becomes  covered  with 
a  thickened,  dry,  epidermoid  epithelium,  by  means  of  which  these  parte 
protect,  so  to  speak,  their  deeper  layers  against  desiccation.  In  such 
cases  assistance  can  be  rendered  only  when  it  is  possible  (by  operative 
interference)  to  provide  the  exposed  conjunctiva  or  cornea  with  ite 
normal  shelter  again. 

Xerosis  also  appears  as  a  concomitant  manifestation  and  an  impor- 
tant symptom  of  a  general  disease  of  a  peculiar  character,  the  real  nature 
of  which  is  as  yet  unknown.  It  occurs  pre-eminently  in  persons  who  are 
depressed  in  nutrition.  The  xerosis  in  these  cases  begins  at  the  outer 
and  inner  part  of  the  conjunctiva  of  the  eyeball  under  the  form  of  small 
triangular  areas  which  are  covered  by  what  looks  like  a  fine  dried  foam 

and  are  not  wet  by  the  tears  (Bitot).  As 
a  rule  there  is  present  at  the  same  time  a 
peculiar   disturbance  of  sight,  namely 
hemeralopia  or  night  blindness  (see  §  105). 
If  it  is   adults   that   are   affected, 
the   xerosis   and   hemeralopia   pass  off 
within  a  few  weeks.     In  small  children 
on  the  other  hand,  the  disease  -often 
takes  a  malignant  course.     The  xerosis 
spreads  from  the  area  occupied  by  the 
palpebral  fissure  over  the  whole  conjunc- 
tiva of  the  eyeball  and  then  over  the 
cornea  too.     The  latter  becomes  cloudy 
and  suppurates  under  the  guise  of  kerato- 
vialacia  (see  §  38),  and  the  little  patients  die  with  the  symptoms  of  a 
Hovere  general  disease.     For  the  treatment  see  under  Xerophthalmus, 
Lagophthalmus,  Keratomalacia,  and  Hemeralopia. 


c 


Fio.  02. — Xerosis  CoNjuNcriViB 
Magnified  820  X  1. 

Epithelial  cell  scraped  from  the  xer- 
otic conjunctiva  and  stained  b^  Gram's 
method.  The  nucleus  of  the  cell  is  marked 
by  the  fact  that  numerous  granules  of 
keratohyalin  lie  immediately  about  it,  al- 
though still  in  the  protoplasm  of  the  cell. 
Upon  the  cell  are  seen  xerosis  bacilli. 


im.<;>;>!;W««inTimir;?i 


Tho  Boparation,  first  made  by  Cohn,  of  xerosis  into  a  variety  dependent  upon  local 
CAUWM  and  one  caused  by  a  general  disease  corresponds  nearly  to  the  ordinary  division 
iutu  xiifoBiH  parenchymatosa  and  xerosis  epithelialis.  In  local  xerosis  the  mucous 
ttmuhrano  jh  diseased  in  ita  deeper  as  well  ag  jntha.&uaer^yian^^^TSrc^ij^SSfit'^" 

eneral  disturbance  ornutdiioD  the  cl^nge 

Tosis  epithelialis).    Many  also  make  a  aistinction  between 

i^mrllaliH  («ive  glabra)  and  xerosis 'TÄalis  (sive  squamosa). 

Th^  nnatofiucal  changes  which  underlie  xerosis  mainly  affect  the  epithelium.    The 

it  layurH  «f  epithelial  cells  undergo  keratosis,  the  protoplasm  of  the  succeeding 

90lU4iiinng  abundant  granules  of  keratohyalin  (Fig.  62).     In  consequence  the 

l^piwarH  thickened,  whitish,  cloudy,  and  epidermoid.    Moreover,  it  is  covered 

4N^  «iriiUiii-liko  Hccretion  of  the  Meibomian  glands,  and  hence  assumes  a  fatty 

ilA  wmnequence  of  which  the  lachrymal  fluid  does  not  adhere  to  it.     To  this 

ÜW  peculiar  dry  appearance  is  chiefly  owing,  for  if  the  diseased  spots  are 


STST. 


develops  there 


favorable  soil  for  growth^ 
quantities. 

ftt  part  dt>€«  the  lachrymal  secretion  play  in  xeroais?     The  real  cause  of  the 
I  of  the  conjunctiva  is  not,  as  has  been  beliex'ed,  the  deficiency  of  tears.    In  the 
of  the  disease,  us  long  ad  only  small  i^olated  s]iot6  of  the  conjunctiva  are 
we  often  find  actually  an  inurea^e  in  the  lachrymal  secretion-     Per  contra, 
R>f  the  conjunctiva  has  never  been  known  to  occur  after  extirpation  of  the  Lachry- 
knd.    I'he  real  cau^  r>f  the  dryness  of  the  conjunctiva  is  rtttbBE_lhfciacLliiaLJtbe 
"■^  -  -  -  -   -      iMevertiieieas  it  i^jji^^  ^fiflt'Bl  ftflVancett  xerogiB  tlie  lachryrokl 
'*  '  *       '     ^\e  marked 


Jo  not  adixere  lo  il  ^ 

bn  ditnmighetj,  and  may  even  disappear  all 


f  |.^e  ctTti|u|i^|jva,Tli6  secretory  ducta  of  the  lachrymal  glana/wEi 
Ut^ier  retrotarsal  fold.  hf>rcimF>  i-iaspf^,  a^y  ag  j|  f^nii  of  mlsatro] 


iher,  for,  owing  to  the 

lyffial  gtyiQ|  wmch'ppntv 
..  tiui  of  urn,  atropny  of  tt^e 

E.    The  patient«;,  when  led  to  weep  by  their  melancholy  »iati,  leei  only 
ness  in  the  eyes;  they  cannot  shed  tears.     Ark  found  in  ii  case  of 
n  of  the  efferent  ducts  of  the  kchrymal  gland  produced  by  the  great 

of  the  conjunctiva,  the  lachrymal  gland  itself  being  diminifrhcd  to  one  third 
krmal  volume  and  transformed  into  a  tissue  reserabling  fat.  In  that  form  of 
which  occurs  in  connection  with  keratonialacia  there  is  a  striking  deficiency 
hrymal  aecretion;  but  here  probably  w^e  have  to  do  with  a  nervous  disturb- 
[lely,  with  an  absence  of  the  reflex  lachrjmial  secretion,  due  to  depression  of 
trtd  nutrition  and  particularly  of  the  ne^^'ous  functions.  In  a  case  of  this  sort 
haa  found  on  autopsy  an  inflammation  of  the  ciliary  ganglion  and  ganglion 


m.    EXTBAVASATION    OP   SeRUM    AND    BlOOD    BENEATH    THE 

Conjunctiva. 

L  (Edema  and  also  extravasation  of  blood,  if  of  any  great  extent, 
served  only  in  the  conjunctiva  of  the  eyeball  and  in  the  retro- 
fold,  as  these,  on  account  of  the  laxity  with  which  they  are  fixed 
subjacent  parts,  can  be  readily  lifted  up  over  quite  large  areas 
d.  The  same  thing  does  not  occur  in  the  conjunctiva  tarsi,  be- 
i  is  too  intimately  adherent  to  the  underlying  cartilage. 
In  the  conjunctiva  of  the  eyeball  we  meet  with  both  inflammatory 

E»  (oedema  calidum),  occurring  in  infianimationä  of  the  eyeball  or 
5ans  near  it,  and  with  non-inflammatory  a^dema  (oedema  frigi- 
reaulting  from  simple  transudation  of  fluid.     Since  oedema»  as  a 


208  TEXT-BOOK  OF  OPHTHALMOLOGY. 

extent  and  of  a  vivid-red  or  dark-red  color;  sometimes  the  whole  con- 
junctiva sclerse  is  suffused  with  blood.  Ecchymosis  is  easily  distinguished 
from  an  inflammatory  redness  of  the  conjunctiva  by  its  uniformly  red 
coloration,  in  which  no  network  of  vessels  can  be  recognized,  and  also 
by  its  sharp  limitation  from  the  unsuffused  portions  of  the  conjunctiva, 
which  are  ordinarily  quite  normal  and  uncolored. 

Ecchymoses  of  the  conjunctiva  develop  after  injuries  and  operations 
upon  the  conjunctiva  (particularly  after  squint  operations),  and,  further- 
more, in  violent  ii^flammations,  especially  in  catarrhal  ophthalmia. 
Spontaneous  suffusionsin  an  otherwise  öealtüy  conjunctiva  afö  Ire- 
quent  in  old  people,  whose  blood-vessels  have  brittle  walls,  the  rupture 
of  the  vessels  being  often  occasioned  by  great  bodily  exertion,  or 
by  coughing,  sneezing,  vomiting,  straining,  etc.  Injshildren  also  spon- 
taneous ecchymoses  of  the  conjunctiva  are  observed,  chiefly  after 
whooping  cough.  A  special  symptomatic  significance  belongs  to  those 
ecchymoses  which  develop,  to  all  appearance  spontaneously,  after  an 
injury  to  the  skull.  Here  we  have  to  do  with  cases  in  which  a  fracture 
of  the  base  of  the  skull  has  occurred,  and  the  blood,  as  it  escapes, 
gradually  oozes  forward  through  the  orbit  until  it  lodges  beneath  the 
conjunctiva  (see  §  133). 

Subconjunctival  ecchymoses  become  absorbed  in  from  a  few  days  to 
a  few  weeks  without  producing  any  ulterior  serious  consequences,  and 
in  themselves  require  no  treatment  whatever.  We  generally  prescribe 
compresses  of  lead  water  [or  hot  water],  more  for  the  purpose  of 
appeasing  the  patient  than  of  obtaining  a  more  speedy  resorption. 

Inflammatory  (zdema  is  associated  with  the  most  various  inflammatory  affections, 
such  as  inflammations  of  the  lids  (erysipelas,  hordeolum),  of  the  margin  of  the  orbit 
(periostitis),  of  the  lachrymal  sac  (dacryocystitis),  of  the  conjunctiva  (particularly 
gonorrha?al  conjunctivitis),  of  the  eyeball  itself  (purulent  keratitis,  irido-cyclitis,  and 
panophthalmitis),  and,  furthermore,  of  structures  posterior  to  the  eyeball  (tenonitis, 
phlegmon  of  the  orbit,  cerebrospinal  meningitis).  Inflammatory  oedema  is  especially 
apt  to  occur  in  old  people,  whose  conjunctiva  is  particularly  extensible  and  so  loosely 
attacheii  that  we  observe  oedema  in  this  situation  sometimes  with  trifling  conjunctival 
catarrhs.  We  commonly  find  the  oedema  most  pronounced  in  the  region  of  the  palpebral 
fissure,  because  here  the  counter-pressure  exerted  by  the  lids  is  wanting;  and  not  in- 
frequently an  oedematous  fold  of  conjunctiva  is  found  in  the  palpebral  fissure,  pinched 
off,  so  to  speak,  from  the  rest  by  the  lids. 

An  inflammatory  oedema  of  the  conjunctiva  is  produced  artificially  for  therapeutic 
purposes  by  dionin  (see  page  62). 

Nnnjjj^flnrnrnni/vr^  fEflfimn  js  caused  bv  hydrfpmia  or  hy  stasis.  In  the  former  case 
it  occurs  as  a  symptom  of  albuminuria,  and  sometimes  then  recurs  a  number  of  times 
but  pap-h  tifQ^  flisftppoars  again jrapjdly  (oedema  fugax).  A  peculiar  sort  of  oedema  is 
the  filtration  oedema  of  the  conjunctiva  oftlie  eyeSäir  It  is  observed  after  operations 
or  injuries  which  have  produced  a  perforation  in  the  most  anterior  section  of  the  sclera, 
and  arises  from  the  fact  that  the  aqueous  from  the  anterior  chamber  oozes  between 
the  incompletely  closed  edges  of  the  wound  and  lodges  under  the  conjunctiva.  Accord- 
ingly, when  cicatrization  occurs,  the  oedema  commonly  disappears.  But  if  a  minute 
opening  remains  in  the  sclera,  the  oedema,  too,  persists — a  condition  which  is  designated 
as  cystoid  cicatrization  (see  Fig.  131).  (Edema  from  filtration  is  found  either  in  the 
region  of  the  fistulous  opening  or  in  the  lower  part  of  the  bulbar  conjunctiva,  the  fluid 
sinking  in  obedience  to  gravity. 
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Not  infrequently  we  see  in  the  sclera!  conjunctiva  small  bright  vesicles,  arnuiKecl 
In  a  row  like  a  string  of  i>earls,  or  even  joined  so  as  to  form  lonp^cr  sttu,sage-like  aweiU 
ililpt.  Here  we  havt*  to  do  with  ililate«!  lymph-vessels  rhiit  are  ailed  with  a  riear  Uquid 
— dluit  m,  with  tumphimgü'chtxiir,  Thi^ne  occur  both  in  iiifiammation  of  the  eonjunctivA 
«lid  also  when  the  c*cmjunctiva  is  perfectly  heaJthy. 

EcchyptoHfJi  of  the  conjunctiva,  free  from  danger  aa  they  are,  terrify  the  j>atient 
by  tlictr  ponsfncuous  look,  especially  if,  an  is  frequently  the  vusp,  they  spread  still  further 
IB  the  next  few  dayi*  after  they  first  develop,  lu  these  cases  the  Pinguecula  stamis  uot 
«Htll  peculiar  distinctness,  as  a  light,  wliite  or  yellowish  spot  upon  the  red  subsrratutiK 
fWiiii  U«*  tn&nöparent  cornea  the  ecch^^mosis  is  dclimite<i  by  a  narrow  gray  Imrder. 
Th»  k  the  inner  margin  of  the  linibus,  which  h  too  dasely  adherent  tc»  the  cornen  In  be 
MVed  up  by  the  blood-  In  eyes  with  blue  iris,  the  latter  often  lia,s  it»  color  apparently 
chftogfcd  to  gr<^n  in  the  spot  eorresponcJing  to  the  ecchymosit?.  Thin  is  caui+eil  by  the 
«tetuloo  of  the  blocxl  in  a  very  thin  layer  fin  which  it  api>ears  gpt*en)  between  the 
latncUjr  of  the  ccjrne»,  so  as  Ui  make  the  iris  wfiich  lici*  Iwiünci  it  sci^m  green. 

Tli*^  rtifr;uK*e  of  air  beneath  the  conjun^'tiva  of  the  eyeball  (emphyH<*mtt)  i»  some- 
times oi  loult-aneouj^ly  with  the  e^eape  of  air  beneath  the  akin  of  the  liils  or  into 
Uie  oHjs  (»ee  §  i  llöand  133). 


XIV.  Titmors  of  tiif;  Conjunctiva. 

26.  Both  malignant  and  benign  tumors  occur  in  the  conjunctiva. 
Tbt»  most  imiMjrtant  form  of  henign  tumors  is  the 

Dermoid  Tumor^Tfiis  i.s  a  flat  growth  of  solid  eonsintence  which, 
m  to  s|)eak,  straddles  the  margin  of  the  cornea,  l>eing  situated  partly  in 
the  conjunctiva  and  partly  in  the  cornea,  with  which  latter  it  h  immov- 
ably eonnect-cd.  It  most  frequently  occurs  on  the  externa!  (temf^oral) 
iido  of  the  eomea  (Fig,  i^l).  Its  color  is  white  or  reddish,  its  surface  epi- 
ifermoid  and  often  dry.  It  is  sometimes  covered  with  fine  down,  or  even 
with  longer  hair.  Histolo|]:ical  examination  shows  that  the  growih  pt>s- 
aesHe»  the  composition  of  the  external  skin;  it  consists  of  a  stroma  of  con- 
tiectiv«'  tissue,  covered  with  epidermis,  and  contains  hair  follicles  and 
v:r  ■  »nds.     It  is»  so  to  speak,  an  island  of  gkin  tipon  the  surface  of 

th.   ■  ^  .    ,'.1K 

Dermoid  tumors  are  always  congenital,  and  are  frequently  ftmnd 
along  with  other  congenital  anonmlies,  like  congenital  harelip  or  wart- 
like app<*ndages  nf  skin  in  front  of  the  ears.  Sometimes  they  grow  still 
turgor  after  birth. 

The  chief  harm  that  dermoids  do  is  to  produce  a  considerable  dis- 
figurements If  they  are  large,  and  especially  if  they  are  covered  with 
kajr,  they  cause  mechani(*ally  an  irritation  of  the  eye,  and  also  inter- 
fere with  vision,  in  so  far  as  they  encroach  u|n>n  the  pupillary  area  of 
thr  coniea.  They  are  removed  by  a  si^nple  process  of  ablation^  whi(4i 
oonsiid&  in  detiiching  the  turnor  as  accurately  as  |x>ssible  frotn  the  suIj- 
jacent  cornea  and  sclera.  The  resulting  wound  in  the  conjimcttva  sbouUl, 
as  far  a-s  possible,  [>e  covered  by  drawing  the  adjacent  conjunctiva  over 
it.  That  jHirtion  of  the  cornea  upon  which  the  tumor  was  formerly  situ- 
ftteil  remains  clouded  permanently.  If  remnants  of  the  tumor  have  been 
left,  the  latter  may  in  part  form  again, 
14 
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Of  malignant  tumors,  epithelioma  and  sarcoma  of  the  conjunctiva 
occur.  These  originate  ordinarily  in  the  limbus  conjunctivae  and  thence 
extend  both  into  the  conjunctiva  and  into  the  cornea. 

Ejnthelioma  of  the  conjunctiva  forms  a  non-pigmented,  flat,  sessile 
tumor  with  a  broad  base.  It  remains  for  a  long  time  confined  to  the  su- 
perficial layers  of  the  conjunctiva  and  cornea,  its  extension  in  the  latter 

often  resembling  a  pannus  (Figs.  64  and  65). 
The  tumor  shows  a  great  tendency  to  super- 
ficial ulceration. 

The  sarcomata  that  start  from  the  Ihnbus 
are  generally  pigmented  (melano-sarcomata). 
In  opposition  to  an  epithelioma,  they  grow 
more  in  height  than  in  breadth,  and  are 
attached  to  the  substratum  by  only  a  slender 
base.  They  hence  form  dark-colored,  very 
prominent  mushroom-like  growths,  which 
often  overlie  a  great  part  of  the  cornea, 
although,  if  we  lift  them  up,  we  find  the 
cornea  beneath  for  the  most  part  normal 
(Figs.  66  and  67).  Both  epitheliomata  and 
sarcomata  develop  in  advanced  life,  and,  if 
they  are  not  removed,  spread  steadily;  sarco- 
mata, especially,  grow  until  at  length  they 
form  gigantic  tumors.  At  last  the  patient 
succumbs  from  exhaustion  or  from  metas- 
tases which  form  in  the  internal  organs.  The 
tumors  must  therefore  be  removed  as  early 
and  as  radically  as  possible.  As  long  as  they 
are  still  quite  small  and  superficial,  radical 
removal  can  be  performed  with  preservation 
of  the  eyeball.  The  tumor  is  removed  as 
completely  as  possible,  partly  with  the  knife, 
partly  with  the  sharp  spoon,  and  the  spot 
which  it  has  occupied  "  is  thoroughly  burnt 
with  caustics,  or,  still  better,  with  the  actual 
cautery.  If  complete  removal  of  the  growth 
is  no  longer  possible  in  this  way,  the  eye,  too, 
must  be  removed,  even  though  it  still  possesses  visual  power. 

[Malignant  tumors  of  the  conjunctiva,  especially  sarcomata,  often 
recur  after  even  thorough  removal.  Verhoeflf  and  Loring  (cited  by 
D(»  Schweinitz)  say  that  80  per  cent  of  epibulbar  sarcomata  recur,  and 
hence  believe  that  with  these  tumors  we  should  not  try  to  save  the  eye, 
but  should  enucleate  at  once.  Superficial  pigmented  spots  at  the  limbus 
should  always  be  regarded  with  suspicion,  and  should  either  be  removed 
at  once  or  should  be  kept  under  observation  and  removed  the  moment 
they  begin  to  enlarge  (Weeks). — D.] 


Fio.  63. — Dermoid  Tumor  of  the 
Cornea  and  Subi-onjunctival 
Lipoma  in  a  Thirteen-year-old 
Girl. 

The  hairj'  dermoid  tumor  is  situated 
on  the  outer  and  lower  margin  of 
the  cornea,  lying  to  a  small  extent 
in  the  cornea,  and  more  largely 
in  the  sclera.  The  eye  has  to  be 
turned  strongly  inward  in  order  to 
bring  the  lipoma  well  into  view. 
The  lipoma  has  a  form  differing 
frum  the  ordinary*  in  that  it  con- 
sists of  two  lobules,  one,  more 
bulging,  b'ing  beneath  the  lower 
lid.  the  other,  flatter  and  lying 
under  the  upper  lid.  In  addition 
it  sends  out  a  process  which  runs 
in  the  horizontal  meridian  of  the 
eyeball  as  far  a»  the  outer  margin 
of  the  cornea.  It  is  everywhere 
covered  by  compact  conjunctiva 
which  resembles  Hkin,  but  which 
nevertheless  allows  the  yellow  col- 
or of  the  underlying  fat  to  show 
through. 
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Dtrmmd  tmmara  are  solid  not  hoUpw  and  hence  are  not  to  be  confounded  with  der- 
1  cjnrt«  (J^  135).  They  occupy  a  position  midway  t>elween  that  of  skin  and  mucoue 
Their  thick  epithehum  is  hke  epidermis  but  does  not  become  corneouB. 
Tbt  toufh  f?oiiiiecti\*e  ikstie  lying  beneath  Hie  epitiielium  resemble«  the  cutis  and,  like 
lilt  lattar,  cottlAtns,  besides  hAir  follicles,  sebaceoas  glands  and  often  als«  sweat  gland», 
Ofj  the  other  hand  acinous  glands  alho  occur  such  a«  are  present  in  mucous  membranes 
(likef  Krause's  glands  of  the  coniutirtiva).  In  rare  cases  dernuiidß  contain  hyaline 
eftitilage  or  bone  (the  latter  cases  being  described  as  o4ieomaia),  so  that  comphcated 
itntetUTM  develop  which  may  be  called  teratomatJi. 

Remak  supposed  that  dermoids  like  dermoid  cyst«  originatetl  in  a  fetal  invagina^ 
tiQil  of  the  outer  germ-layer.  On  tlte  «Uher  hand  Van  Uuyse  t»elieved  tliat  they  owe 
tbttr  or%in  to  a  circumecritied  adhesion  between  the  amnion  and  the  surface  of  the  eye- 
b*]|^  which  before  the  fourth  month  is  not  covered  by  the  hds.  The  adhesion  between 
the  amnion  and  the  eyeball  aft4*rward  is  drawn  out  into  a  cord  and  finally  breaks  in 
two,  its  point  of  attachment  to  the  eye  remaining  behind  as  a  dermoid  tumor.  But 
tilift  hypotheats  does  not  explain  why  this  point  of  attachn]«nt  shows  the  structure  of 


Flo.  64. 


Fir.,  e^^ 


Fto«  ft*. — EriTHCLioaL*  of  the  Lr&iBüS  avd  ConvrA,     The  patient  a  nifin  uf  fifiy-*ix  yenr»  of 
•Ü  Imo  Oatked,  wa  much  a»  thirteen  year»  before,  th»t  a  pellicle  wa.s  bt^j^innini:  to  lerow  cm  the  outer 
borrirr  4jf  tlu'  cttmcA  in  die  left  t-vp.     With  the  exceptioD  of  its  lower  inner  (|iia<1ra2it  the  cornea  ti 
'       ^'  '  >)«  srurfuce  of  which  is  ecHUacly  nodulur  and  \»  traveraed  by  numer- 

c»  lis.     In  the  depofiit  ean.  he  »een  with  the  aid  of  a  magfiufytoc  chu* 

♦•  '  l^K    t)wina  to  the««  the  deposit  in  spot^  aociuire«)  a  xreaey  aü|>ect, 

1  iJ^uiii  ihe  cornea  on  into  the  limbu»  and  at  the  teniporaJ  wide  a  nttlc  way  inta 

tl^  >eball,  which  at  thiü  epot  has  alM»  taken  on  a  nodular  and  in  places  gelAtiooiu 

Cti-i    - 

¥%**,  05  rHuot  Qw  T«K  Anterior  Segment  ov  the  Saug  Ere.     The  section  etjutj 

tffocn  lb«  upp'  f  pari  of  the  eye  and  nmsi  downward  and  inward. 


the  eact^mcU  skin  with  glands,  since  the  amniotic  bands  are  simple  connective  tissue. 
U  i»  hence  more  probable  that  the  amnion  contributes  to  the  development  of  dermoids 
only  to  thi«  extent,  that  wlipn  there  is  a  smaller  amount  of  amniotic  fluid,  the  amnion 
II  in  doser  contact  with  the  eye  and  may  proÄS  the  lid  against  the  surface  of  the  eye* 
Istt'  The  sanie  thinie  might  \ye  done  by  amniotic  bands.  As  a  result  of  the  presaure 
IIkM  might  develop  a  circumscribed  adliesion  between  the  lid  and  the  eyebaU,  which 
iflMnrard  liecomes  detached  but  not  without  rudifnentary  portions  of  sktn  tissue  being 
Wt  on  the  surface  of  the  eyeball,  which  rudimentary  portions  afterwards  develop  jntx> 
t  dermoid. 

T^j^»  m/ynnjV"^*'^^"^'  ^"'laa^ft  tumor ^  situated  upon  the  upper  and  outer  aizumy/ 
ference  of  the  eyeball,  lietween  the  rectus  extenius  andrect  us  superior^  muscle,  ana  / 
«p^^fcli'iij;  uf  IV  j^pllowish  color  as  seen  thro ligh  the  conjunctiva.  It  is  of  triangular 
form,  the  sharply  defined  base  of  the  triangle  looking  toward  the  cornea,  while  the  two 
•tdw  of  the  triangle,  which  are  directed  outward  pass  gradually  into  the  orbital  fat. 
If  the  tumor  is  small  it  ordinarily  remains  ctincealed  lieneath  the  outer  canthus,  and  can 
be  brought  into  view  only  by  turning  the  eye  strongly  inward  (Fig.  631.  Larger  lipo» 
mfttA  are  ^nsihle  in  the  palpeliral  fissure  even  when  the  gaze  is  directed  straight  for\i-ard, 
■lid  lii*nce  cause  disfigurement;  but  they  do  no  other  harm.  Microscopical  examination 
shorn  that  the  tumor  cotisists  of  fat  lobules.  The  conjunctiva  that  coata  it  is  thickened 
and  of  a  character  resembling  skin,  and  in  this  regard  a  lipoma  is  akin  to  the  dermoida 


^%^^ 
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lipo-dermoid).  IJke  the  latter,  it  is  congenital,  but  sometimes  grows  to  a  considerable 
size  at  the  time  of  puberty.  If  it  is  desired  to  remove  the  tumor  on  account  of  the 
disfigurement  it  produces,  we  divide  the  thickened  conjunctiva  as  far  as  may  be,  and 
then  remove  as  much  of  the  mass  of  fat  as  is  visible  in  the  palpebral  fissure;  a  radical 
removal  of  all  the  adipose  tissue  is  unnecessary. 

Cysts  in  the  conjunctiva  are  commonly  represented  by  small  vesicles  filled  with  a 
limpid  liquid.  Most  of  these  vesicles,  and  particularly  those  situated  upon  the  con- 
junctiva of  the  eyeball,  originate  from  dilated  l3anph  vessels  (see  page  209).  In  the 
retrotarsal  fold  cysts  occur  which  take  their  starting  point  from  Krause's  glands  or 
from  new-formed  glands  in  the  conjunctiva  (page  127) ;  and  there  are  also  congenital 
cysts  and  cysts  that  are  produced  in  the  conjunctiva  by  traumatism.  Larger  cysts 
situated  beneath  the  conjunctiva  are  formed  by  the  Cysticercus  cellulosae.  The  latter  is 
observed  for  the  most  part  in  children  or  in  adolescents.  In  such  a  case  the  conjunctiva 
at  one  particular  spot  is  found  traversed  by  dilated  vessels,  and  forms  a  nodular  pro- 
tuberance (Fig.  68).  Underneath  may  be  felt  the  cyst  which,  as  a  rule,  can  be  readily 
pushed  about  upon  the  subjacent  parts;   in  individual  cases,  however,  it  is  intimately 


Fig.  66. 


Fio.  67. 


FiQ.  66.— Melano-sarcoma  of  the  Limbus  Encroaching  upon  the  Cornea.  The  dark  brown 
sausage-ahaped  tumor  starts  from  the  limbus  and  overlies  the  upper  third  of  the  cornea.  On  its  sur- 
face can  be  seen  dilated  veins.  In  the  sclera  the  anterior  ciliary  veins  are  conspicuously  visible 
emerging  at  some  distance  from  the  margin  of  the  cornea.  The  border  of  the  upper  lid  presents  near 
the  inner  angle  of  the  lids,  a  small  limpid  cyst.  This  is  situated  right  ini>he  row  of  lashea  and  is  derived 
from  a  gland  of  Moll. 

Fig.  67. — A  Perpendicular  Section  of  the  Same  Eye.  The  tumor  simply  lies  upon  the  cornea 
without  penetrating  into  it. 


adherent  to  the  subjacent  sclera  or  to  one  of  the  ocular  muscles.  If  the  cyst  has  very 
thin  walls,  the  head  of  the  worm  can  be  recognized  as  a  whitish  spot  in  its  interior.  It 
is  easy  to  remove  the  Cysticercus  by  splitting  up  the  conjunctiva  and  dissecting  out  the 
cyst,  which  consists  of  the  Cysticercus  vesicle  inclosed  in  a  capsule  of  connective  tissue 
that  has  been  formed  about  the  animal. 

Under  the  name  of  polypi  of  the  conjunctiva  we  understand  soft,  rarely  rather 
hard,  outgrowths  which  are  attached  to  the  conjunctiva  by  a  pedicle,  and  whose  smooth 
surface  is  covered  with  mucous  membrane.  These  originate  moet  frequently  in  the 
retrotarsal  fold  or  in  the  conjunctiva  of  the  lids.  As  a  rule,  they  are  so  small  as  not  to 
be  disclosed  until  the  lids  are  everted;  sometimes,  however,  they  are  large  enough  to 
project  out  between  the  lids.  larger  polypi  are  frequently  ulcerated  upon  their  surface, 
as  a  result  of  the  mechanical  injuries  to  which  they  are  necessarily  subjected.  In  their 
nature  polypi  are  small  fibromata,  which  push  out  the  conjunctiva  in  a  sac-like  pro- 
trusion before  them.  Their  treatment  consists  in  ablation  and  a  subsequent  cauteriza- 
tion of  their  base  with  the  silver-nitrate  stick. 

PapUlnmata  of  the  conjunctiva  are  frequently  confounded  with  polypi,  but  are 
distinguished  from  them  by  their  surface  being  not  smooth,  but  papillary — ^that  is 
nodulated,  like  a  raspberrj'  or  cauliflower.  They  are  either  provided  with  a  pedicle  or 
are  sessile,  having  a  broad  Ijase  and  extending  in  a  flat  layer  over  quite  a  large  section 
«t  the  conjunctiva.    They  start  most  frequently  from  the  region  of  the  caruncle,  but  may 
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lake  their  origin  from  other  portions  of  the  conjuiM'ti\Mi,  und  »ometimes  several 
tit  once  are  present  in  different  portions  of  the  ronjunctiva.     They  must 
imnoved  very  thoroughly,  »inee  they  are  extremely  apt  to  reeiir. 

A  tbird  form  of  tumor,  httving  an  extenuU  reseniblaufe  to  polypi  of  the  conjunctiva, 
llw  grrT'     '-'         'uf^oTH.     Thes«3,  like  polypi,  form  i«inall,  nmüliroonidike,  pedicled 
Unof^     I*^  fti,  however  J  tliey  are  not  covered  by  conjunctiva,  hut  eonüiat  of 

Qftkvd  fjunujui.-M  iiu-i^ue.  They  develop  in  places  where  a  loss  of  äuL^tance  exi«tä  in 
ihe  ronjunriiva,  whether  a«  a  result  of  ulcers  (or  even  large  eOloreecenoes  in  vtiscs  of 
^  Wir  as  a  r€*sult  of  injurieii  or  of  operation«  (n^ogt  frequently 
ft  te  of  the  conjunctival  woiind,  ftptj,  ftfter  enucleatioii,  ai  ihe 

^  I  sac)'.    In  tKe  cajj^l5TrIuJa7.ia^  aLsOj  which  have  oroKen  ihrotigh 

ÜM»  ^>i  li<rhiij*,  "^e  quite  often  n^eQ  a  griLQijjfttiion  masj^TOTWIW'  6ut"Ql  the 

V,,-  t  t  v.^iiiig  for  home  Tilue  gniiniiation  tumors  l:>ecome  more  antTTTTT^Tfe  eon- 
Ät  their  batfc  by  the  cicatricial  contraction  of  the  surrounding  conjunetiva, 
I  that  lliey  ultimately  fall  off  of  themselves  if  they  have  not  l>een  prpvioui*ly  removed. 
TUei  ihroe  vanetieä  of  tuniors  almve  mentioned  often  contain  an  abimdanr^e  of 
dtliLt«Hi  vc«»eb«;  in  fact,  sorue  ciwes  of  ver>'  vascular  polypi  have  l>een  described  as 
pi*dirulatrHi  angiomata  of  the  eonjimctiva.  It  is  hence  easy  to  conceive  bow  tbeiO 
tuinonii  can  r#%Hdily  give  ri^e  to  re- 
pBAliMi    hemorrhages,  especially    if 

ih*^  are  ulcf^rated  in  spots  and  are  '^ZS^^  *-.- 

mecfuinic4tlly  injuriil,  an,  hir  exam- 
ple, by  the  rubbing  of  tfie  hds  upon 
litem.  Mjiny  legends  of  tcaxs  of 
blood  iiiay  be  referred  to  this  caiL^e. 
Htrmarufwmat/i  of  t  he  conjimc- 
livaavt^,  asa  rule,  those  which  were 
origiitiiliy  «ituaUMi  in  the  lids  and 
hav«  gmduidly  pti*it*ed  over  upon 
the  conjunctiva,  Primary  atigio* 
jliMi*  r.^.  ,if  |-jnT>  fx'currence  in  the 
'  ,atui  arc  generally  found 
..  *..,*ji  tif  the  inner  angle  of  the 
eye.  I'bey  »re  for  (he  ujost  jiuirt. 
eongcnitiil,  and  increHiSe  m  sbe  after 
hirrh.  With  regard  to  treat nient, 
•ee  Augionuitn  of  the  Lids  (£  IIH). 

Aä  n^ords  the  malüjnuut  tmnora^  the  epitheliomata  and  bareomata,  we  must  dia- 
(ir>*ft.,^l.  u.fvv/vn  thoüe  wliich  originate  in  the  /surrounding  structures,  especially  the 
It  «jndarily  pass  over  uikju  the  conjunctiva,  and  I  lni*ie  wluch  from  the  beginning 

^;     .,,..fc  ;d  upon  the  conjunctiva  and  nn*  hence  to  be  Irniked  upon  as  primary  con- 
ictival  tumors,     Ihese  latter  originate  muwtly  from  the  limbus.     The  orediJection 


FiG.  GS- 


r'YÄTltrKCCB  äuUCOKJUNCnVALlS. 

MjMsuilied.  n  '   1. 


In  0  Kir«  ten  yetkv»  uf  un«*  s  sniall  blf>atl-red  spot  woa 
oljwrvtftF on  i\\e  utt-**al  li^nJ»*  of  the  cornea  iwo  month«  bc- 
fone  (*lte  ciirne  tinrJcr  rr»*uOncnt.  Thj*  t^poK  beranif!  coo- 
»-ftiijil.v  niiTf  df>vft(«»«J  ftmi  ft!  till*  name  lime  paler  until  it 
a»<iyme<l  it;«  pre'*eiiC  form,  that  of  a  fr©ely  juovuble  cyrt^ 
lyiniS  t>e^ue!itli  the  cxtnjuncttva. 


ifcown^by  epiJthtliomaia  f<tr 
t     lo  br^n«dered  ^  an  aimi 


\U.     \u 


i 


b'-twf»en  the  eonjunctiv  >    "^-^  f'ornea  is 

rln  I  fKirts  of  the  bo  Mthelio- 

I    ud  nfrpHhenum  pa    ■      .i.^  unother, 

skiti  und  TtJiiiou.H  membnuic  (anuK,  Tjj)«, 

......   lOT  ^i\iü«  x\^\y  to  the  develöpmenl  of  epi- 

'   f.Ti*b:ihIy  fumishe«!  by  fhc  anatomical  character  of  the 

idy  place  in  the  ocular  conjunctiva  in  which  smtdl  papillje 

Between  the.se  pap  i  I  lie  we  .sometimes  find,  even  in  the  healthy 


Lp^  maüi  oeettpy  by  [  «r«  t« 

K  W  for lirowgi', 

|r  /marKiRa  ol~the  1 

ihefiomiilu 

latter,    Tli  .    . 

«fr  »orrrudly  present 

eyr,  a  proliferation  of  epithelium,  the  latter  growing  in  the  form  of  conical  process«» 

mlo  the  depth  of  the  tissue. 

*^grr^^TOto  of  the  conjunctiva  ^rc  almost  alwa\^  pigmented,  differing  in  this  rwpwt 

fiwyJlfSiSOgBBaT^TeTanotic  sarcomata,  as  Is  Icnown.  develop  in  lHb»c^  Toealiiiesln 
.      wbtcli  pigmenl  ia  tJ(^eady  normally  present.    They  hence  occur  upon  the  coniunctiva  of 

the  Itdiif  and  aboye  all  upon  the  limbus^  two  divisions  of  the  conjunctiva  which  even 


214 


TEXT  BOOK  OF  OPHTHALMOLOGY. 


under  phyaiologtfAl  conditions  contain  pigment.    At  the  limbua  particularly  the  quan-J 
tiiy  of  pigment  containcHi  is  sometimes  so  considerable  In  persona  of  the  brmiette  type] 
tliAt  even  with  the  naked  eye  we  notice  in  it  either  diserete  dark-hrowTi  spot»  or  t 
more  uniform  brown  coloration.     Apart  from  this  simple  condition  of  pronouneed  pig- 
mentation, real  pigment  molea  (fUTtn  pigmeni^m)  <x'eur.    The^e  are  most  frequent  in  the 
limbiiÄ  (Fig,  69)  and  at  tlie  l>order  of  the  hd.    They  are  small,  flat^  superficially  8mootll| 
tumors  which  are  sometimeji  but  little,  sometimes  very  much  pigmented.    Their  struct- J 
ure  is  anah^gous  to  that  of  the  soft  ntevi  of  the  skin,  cells  Ijeing  deposited  in  the  con- J 
junetiva  whicli  are  grouped  to  form  nmt^  or  glolJ*^g  eomijosed  of  cells  (Fig.  70,  2),    Th«j 
origin  of  these  eelk  ia  contested,  since  some  derive  them  from  the  endothelial  celk  of  I 
the  Ipitph  vest*els  (liecklingiiausen),  others  from  the  surface  epithelium  (Unna^  or] 
from  the  chromalophorert  (Ribbert).     Apart  from  this,  there  is  abcj  a  proliferation  of] 
the  epithelium,  the  latter  growing  down  into  the  deeper  parta  in  the  fonii  of  gland-like 
invaginations  wliich  are  sometimeji  solid,  sometimes  hollow  (Fig.  70»  /).    This  fact  is 

Fio.  TO. 


'^^^c/j^^ 


Fi..    iVO, 


3^^ 


Fig.  69. — N^mvüs  PtuucNTOAua  Limbi.    Natural  «irc 

Fio.  70.— A  Portion  or  tkk  Samk  N  kvv«.  Mat^mßed  113X1.  The  tumor  i«  formed  of 
cellN  which,  ht^mft.  packed  rlonely  loRethor,  are  arriin«ed  in  .•jphf  rJoal  tutgloni  erat  ion!*,  *.  Th«*»  are  tep* 
amted  by  «lendfr  Ymad»  of  connectiv»?  ti-iAim  whic^h  carry  fiK^J'^ii'  rf II».  Tht*  epiihelhitii«  *-,  of  the  con- 
junctiva m  riiiäny  plat^P»  nenLnralc.«^  into  thf  depth  of  the  gffjwth  betwf^'ii  ih^  aggloniertttiona  of  celln. 
rhcre  art?  thus  forjTirHl  eilher  !»olid  plufr«  rompuiSüd  uf  cells,  iniiiir  ot  thr"*i'  contnining  penri»  of  Iftmtnnte'^ 
epithtiimm  p,  or  hollow  uland-like  invaKinafion^f  /.  whgew*  Jiuineti  in  it»  deeper  f»ortitin  in  orditiÄn' 
diluted  to  form  raiher  large  ciiviües,  h.  In  miiny  uf  Üivt^  »ptAW«,  e  «.,  at  j;.  tlwre  are  found  with 
the  cpitheliiil  coll»  coccidia,  which  »etile  by  prcferenerc  in  prolecled  porticina  uf  the  conjuoetil 
Act  as  cellular  parasites. 


the  peaaon  why  auch  tumors  have  been  elaaac^l  by  some  authorities  as  epitlietioniata 
If  such  ncDvip  at*  uot  »t^ldom  hapfjeiis,  start  to  ^row  und  develop  mto  malignant  tumorsi" 
it  is  aUvays  a  sarcoma  that  lorniH  fram  tlunn,  because  the  pjowth  of  epithelium  aoon 
falls  quite  iulo  the  background  in  comparison  with  the  growth  of  the  cell  nests. 

It  m  imposwihle  to  make  a  radiral  removal  of  opibtilbar  epitludiomptii  and  sarco- 
mata and  at  the  .same  time  preserve  the  eye,  in  easea  in  which  these  tumors  have  so 
p^al  an  extent  KUfK-rflcially  thai  the  coiijmtctiva  has  to  b©  extensively  sacri tired;    for 
in  that  case  there  would  occur  aa  a  re^stilt  of  the  ofjeration  so  extensive  a  fonnation  q£v 
oicatncial  tiK^ye,  with  conAP*-tuent  distortion  and  fixation  of  the  eyeball,  thai  the  lattatj^f 
would  become  utLserviceable  for  purposes  of  vinion,  and  it  would  have  been  better  tö^ 
extirpate  it  at  the  beginning.    Si>,  also,  the  eyeball  muiät  lie  sacrificed  in  those  cases  is 
which  the  Uimor  grow8  di>wn  irtto  the  depth  of  the  tisssuei*  at  any  one  point — a  thing 
which  is  Ci^pecially  apt  to  ha|)[>eti  along  the  anterior  ciliary  vessels.    Such  an  occurrence 
ia  often  not  discovered  until  after  the  removal  of  the  superficial  growth,  or  may  even 
not  l>e  discovered  at  all.     In  th^  latter  exise  a  recurrence  in  the  same  locality  occurs  a^xtn 
after  the  api^arently  radical  rtjmoval.    The  following  history  serves  to  show  the  malig* 
nancy  of  these  tumors  which  in  the  l>eginning  are  of  such  iiisignificant  minuteneea: 
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i  th^  year  1879  there  appeared  in  the  eye-elinic,  at  that  time  directed  by  AHt.a 
1  fifty-seven  years  of  age,  having  a  melano-iäarroiTm  «n  the  right  eyeball.  Thia 
velftped  fn»m  a  niinut^e  red  spot  which  had  already  existed  for  a  series  of  year», 
mod  which  liad  l»egim  growing  larger  the  year  before.  It  had  the  dimensions  of  u  large 
piA.  WÄß  of  reddlfth-brown  color,  and  was  situated  in  the  conjunctiva  on  the  outer  side 
of  th*  comeft.  The  base  of  the  tumor  prujecled  from  the  limbuB  «on le what  into  the 
but  nevertheless  did  not  extend  into  the  pupiUary  area,  so  tlmt  the  visqal 
wwm  perfectly  nornmL  I  extirf»ated  the  tumor  by  cutting  thniugh  the  conjunc- 
Uvm  mm»  dtütance  from  the  edge  of  the  tumor,  and  then  removed  the  latter  as  care- 
fully He  poMsible  from  its  base.  The  wound  surface  thus  formed,  which  lay  fur  the  moat 
pan  in  the  eonjunetiv»  and  to  a  «mailer  extent  in  the  cornea,  was  scraped,  and  then 
Ihi»  ^dlgra  of  the  wound  in  the  conjunctiva  were  united  by  a  suture.  Hraling  followed 
by  firat  tDtentiovi,  and  for  a  time  the  patient  reniamed  well.  It  waa  not  tiH  May,  1886 
— tint  is,  »even  years  later — that  the  patient  returned,  having  again  an  epibulbar 
in«rUniv«arronia on  the  right  eye,  which,  however,  tliis  time  was  situatjRd  on  ilie  limbus  at 
th«?  inner  Me  of  the  cornea,  and  formed  a  brown  tumor  half  the  size  of  a  lentil.  The 
thin  cicatrix  remaiiting  from  the  first  tumor  wa^*  still  present,  qyitc  unchanged,  at  the 
oat4T  margin  of  the  cornea;  the  limbus  at  the  upper  and  lower  margins  of  the  cornea  also 
w.*i>  Mil  it**  normal.  For  ttiis  re«»on  it  was  impoesible  to  regard  the  luelano-sareorna, 
n  d  at  the  inner  c*)rneal  margin,  as  a  r(»ciirrenee  of  the  tumor  removed  seven 

y  r*  from  the  external  corneal  margin.    In  fact,  it  could  only  tie  referred  to  a 

♦1  I  Toward  the  formation  of  tUTiior»,  inherent  in  the  limbus,  so  tliat  after  the 

p  II  tumor  at  one  spot  a  .similar  one  developi*d  in  another.     (The  same  thing 

h  for  a  case  c»f  epithelioma  that  I  observed,  which  developed  ainmltaneously 

»T       .  independently  in  lx>th  eyes,  and  in  both  at  the  inner  margin  of  the  cornea,) 

The  »iTiall  tumor  was  rtjmoved,  and  the  plact»  where  it  had  ln»en  situated  wtus  super- 
fii  uith'  «nuterized  with  the  galvano-cauterj'  loop.  Recurrences,  however,  followed 
1 1  '  ion  in  rapid  succession.    Four  months  later,  in  8epten»tier,  188(>^  the  woman 

n  \(th  a  recurn^nt  growth  at  the  upjier  corneal  margin,  and  upon  the  removal 

of  tbw«,  alter  another  four  months,  two  nodides  formed  in  the  conjunctiva  to  the  inner 
and  k»wer  »ide  of  the  corneal  margin  and  at  some  distance  from  it.  In  order  the  more 
orrtamly  to  remove  everything  that  was  disease«.!,  I  resolved  this  time  to  enucleate  the 
tyf^.  aJthougli  it  wa.**  still  sc?rviceab!e  for  purpos«^  of  vision.  In  spite  of  this,  a  solid 
nodule  made  its  appearance^  not  more  than  t^ix  luoriths  later»  on  the  lloor  of  the  orbit. 
Jht  woman  put  off  having  this  removed,  and  did  not  come  to  the  elini(*  until  five  months 
fa^l«r.  Meanwhile  the  glands  in  front  of  the  ear,  at  the  lower  jaw,  and  on  the  anterior 
rngpttei  of  the  neck  had  become  enlarges!  and  could  1m»  n^adily  felt.  Although  now  a 
fmdical  operation,  consisting  of  a  complete  exenteration  of  the  orbit  and  the  removal  of 
aH  discoverable  glands,  was  performed,  nevertheless  only  a  few  montlis  afterward 
«nlafge<l  ghiriils  wen^  again  observed.  .Since  then  (in  Februar>%  1800)  the  woman  baa 
»uccumbed  t<j  an  extension  of  the  growth  t«  t\m  internal  organs. 

tltlier  tumors  that  may  Ije  mentioned  as  occurring,  altliough  very  rarely,  in  the 
conjunctiva,  are  tibromata,  mjrxomata,  cylindromata,  and  hTuphangiomala. 

T\i&  piiea  seniitunaris  and  the  caruiwie  which  is  situated  upon  it  participate  in  the 
inflammations  of  the  conjuncti\'a,  so  that  it  is  unnecessarj^  to  treat  of  the  disease  of 
Ihem?  parts  separately.  Sometimes  the  httle  hairs  which  the  caruncle  always  haB  upon 
H  are  90  long  as  to  irritate  the  eye;  in  tliat  case  the  hairs  must  Im?  epilated.  The  new 
fomkationa  of  the  caruncle  are  designated  by  the  old  name  encanthis;*^  1>enign  new 
loroiaiion«,  8uch  as  simple  pol>^id  or  papillary  outgrowths  of  the  caruncle,  are  called 
oncaniht«  benigna;    malignant  new  formation»  are  called  encanthis  maligna. 


I*  Wtom  Jr,  Id,  aad  m€u46^,  umeIc  of  the  eye. 


^ 


CHAPTER  II. 
DISEASES  OF  THE  CORNEA 

Anatomy. 

27.  The  cornea^  together  with  the  sclera,  represents  the  outer  fibrous 
envelope  of  the  eyeball,  of  which  the  cornea  forms  the  transparent  por- 
tion. Seen  from  in  front,  the  cornea  has  the  form  of  a  horizontal  ellipse, 
the  horizontal  diameter  of  its  base,  which  is  12  mm.,  surpassing  the 
vertical  diameter,  which  is  11  mm.  It  is  thinner  in  the  center  than 
at  the  edges,  where  its  thickness  amounts  to  about  1  mm.  Hence  it 
follows  that  the  curvature  of  the  posterior  surface  is  somewhat  greater 
than  that  of  the  anterior.     The  latter  has  on  the  average  a  radius  of 

curvature  of  7.5  mm.  Since  the 
radius  of  curvature  of  the  whole 
eye  is  more  than  this — amount- 
ing,in  fact,  to  12  mm. — the  curv- 
ature of  the  cornea  is  greater 
than  that  of  the  rest  of  the  eye- 
ball; the  cornea  therefore  rests 
on  the  sclera  like  a  watch  crys- 
tal. The  same  comparison  also 
Fi«.  Ti.-EPiTHELivM  OK  THK  coRNEA.    (After  H.     obtains  for  the  method  in  which 

Virchow.)     Magnified  060  X  1.  ,,  •      •         _x    j    •     x       xi 

„  „    ,    u     1   *    'A^^  the  cornea  is  inserted  into  the 

B,  Bowman's  membrane;  u  lowest,  m  middle,  o  up-  ...  .        . 

permost  layer  of  ceils.  sclera;  for,  m  its  postcHor  layers 

the  cornea  extends  farther  to- 
ward the  periphery  than  in  the  anterior,  where  the  sclera,  as  it  were,  laps 
over  the  edge  of  the  cornea.  The  microscope,  however,  does  not  show 
any  sharp  boundary  line  between  cornea  and  sclera;  on  the  contrary, 
the  fibers  of  one  pass  continuously  into  those  of  the  other. 

The  healthy  cornea  is  transparent.  Almost  all  morbid  changes  of 
the  corneal  tissue  make  themselves  known  at  once  by  a  diminution  of 
this  transparency.  In  advanced  age,  however,  a  cloudiness  makes  its 
appearance  even  in  the  healthy  cornea  (arcus  senilis  corneae  or  geron- 
toxon*).  This  consists  of  a  narrow  gray  line  which  runs  near  the 
corneal  margin,  and  is  concentric  with  it.  It  shows  itself  under  the 
form  of  a  gray  arc,  first  at  the  upper,  soon  after  at  the  lower,  margin 
of  the  cornea;  finally  the  two  arcs  unite  at  the  outer  and  inner  side 
of  the  cornea  to  form  a  closed  ring.  The  outer  boundary  of  the  arcus 
senilis  is  sharply  defined,  and  is  separated  from  the  limbus  by  a  strip 
of  perfectly  clear  cornea;   on  its  inner  aspect,  or  the  one  turned  to- 

^  From  y«p<üv,  an  old  man,  and  r6(ov,  bow. 
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,    hP  cent<*r  of  the  cornea,  on  the  othor  hand,  tiie  cloudiness  grad- 
y  shades  away  until  it  i.s  loist  in  the  transparent  cornea. 
The  cornea  t*ünsist45  of  the  following  layers: 

1.  The  anterior  epilheUum  (Fij^.  72,  E;  Fig.  71).  This  is  a  pavement 
pithelium  consisting  of  several  layers:  the  iowermost  eells  (foot  cells, 
"pr.  71,  it)  are  cylindrical,  then  follow  roundtHi  cells  (Fig.  71»  w),  and 
"    fiat  cells  (Fi*?.  71,  o). 


B 


1- 


K- 


Tta    72— CiioM  tscnoN  raaouoit  a  Novual  CoawmA.    Maftntfied  100  XI. 

jr.  aalsnur  «pitliehwm;  Ä,  Bowman'»  membrane;  S,  »trotiiik,  r*jriipn?t»d  of  the  cartic&l  UmfltiP, 
l«tBil  til«  <<««ntiffAl  rorpuorlc«,  K^  D,  U&mvnwt**  meitibrnor;  f,  potiterior  fpitheliunu  n»  nerve«  «itvDdiug 
tkroutfls  Bowin»!!*«  taembriuM»  aad  ibe  «pitbeUum. 

2.  RffU'mnn\^  membrane  (lamina  elastica  anterior,  Fig,  72,  B)  is  a 
thin,  horaogene*.ni5  memhrane  closeiy  connected  with  the  corneal  lameliie 
Ijifig  l>eneath  it.  It  may  be  said  to  represent  the  uppermost  layer  of  the 
Mtrtima  of  the  cornea,  winch  lias  l>(»come  homogeneous  and  destitute  of 
ot^lls.  From  the  epithelium  it  is  separated  liy  a  sharply  defined  border; 
and,  under  pathulogical  conditions  as  well  as  after  deaths  the  epithelium 
!$eparat<'s  readily  from  Bowmans  membrane. 

3,  The  atrotna  (Fig,  72,  »S).  This  is  c^jmposetl  of  a  ground  substance 
ind  of  cells.  The  grounti  sul^stance  in  it.s  ultimate  constitution  consists 
of  minute  filjers  of  connective  tissue,  united  by  a  cement  substance  into 


^ 
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flat  bundles.  The  bundles  are  so  applied  to  one  another  that  lamellse 
(Fig.  72,  I)  are  produced;  by  the  arrangement  of  these  lamellse  in  layers 
one  above  another  the  cornea  is  built  up.  The  latter  has,  therefore,  a 
laminated  structure.  The  individual  lamellse  are  connected  together  so 
that  it  is  impossible  to  separate  the  cornea  into  its  lamellse  perfectly  and 
without  tearing  many  fibers.  Moreover,  there  are  minute  elastic  fibers 
in  the  cornea,  which  form  a  specially  dense  network  in  front  of  Descemets 
membrane. 


Fio.  73. — Fixed  Corneal  Corpuscles  of  the  Froq.  (After  v.  Ebner.)    Magnified  325  X  1. 

k,  nuclei  of  the  corneal  corpuscles;  p,  processes  of  the  cells,  which  either  crcMS  each  other  at  right 
anglen  or  anastomose  with  each  other;  d,  pressure-ridges,  so  called  because  the  way  they  are  produced 
is  that  the  cell  protoplasm  is  squeezed  into  the  gaps  adjoining  the  lamelle,  and  being  compresaed  there 
are  moulded  into  a  rectilinear,  ridgc-like  shape. 

Between  the  lamellse  lie  the  cells  of  the  stroma  of  the  cornea,  the 
corneal  corpuscles ^  which  are  of  two  kinds — non-motile  and  motile  cells. 
The  former  are  the  fixed  corpuscles  of  the  cornea.  They  are  cells  with 
a  large  nucleus  and  a  very  flat,  protoplasmic  cell  body,  the  numerous 
branched  processes  of  which  are  connected  with  the  processes  of  adjoin- 
ing cells  so  that  in  this  way  there  is  formed  a  system  of  connected  proto- 
plasmic bodies  (cells  and  their  processes,  Figs.  73,  74,  and  75). 

The  second  variety  of  cells  belonging  to  the  stroma  are  the  motile 
corpuscles  of  the  cornea  (wandering  cells),  which  were  discovered  by 
Recklinghausen.     These  are   nothing  but   white  blood-corpuscles  which 
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W9  made  their  way  into  the  cornea  and  which  move  about  in  its  sy»- 
of  lymph  passages.  In  the  normal  eonie^i  they  are  pret^ent  in  very 
null  amount;  but  wlienever  any  irritation  acts  upon  the  coniea  they 
\t  ancf*  increasf*  coasiderably  in  number,  since  they  escape  from  the  net- 
work of  blood-vessels  fonninp:  the  marginal  loops  and  pass  into  the  cornea. 
Theep  cells  play  an  important  part  in  inflammation  of  the  cornea. 

4,  Dei(cernt:C8  membrane  (D,  Fig.  72)  is  a  homogeneous,  hyaloid  mem- 
brane which  forms  the  posterior  l>oundary  of  the  cornea.     Unlike  Bow- 
*<  membrane,  it  is  quite  sharply  separated  from  the  stroma  of  the 
ir  a,  from  which  also  it  is  ehemically  ditlerent.     It  is  very  resistant 
to  cbeznieal  reagents,  and  HkcT^-ise  to  pathi*logical  processes  going  on  in 


Ft«,  74, — CoRMKAi.  Coftruftcxi^  op  Mas,    Maftufioil  U5  .^  K 

■      ■     ■<<  rornc^»!  rnrpui^lcit  ordinnrily  gitTti  in  ttiken  froin  tli<P  trorn««  of  iminiab.  snti  it 

r  re  given  io  Fig,  73  of  tbo  frojt*  cornea       Thi>  figun?  above  giveo  i«  drawn 

^  rri;itJi<  tliroitirh  the  cornea  of  an  adult  pftrall<pt  to  ita  «urfaco,  and  which  waa 

lioUi  chloride.     The  «HVtiun  tompriiWM  «^verul  AiirceaMY«  taiaell» 

uhich  !ie  in  difTerent  plunei*«,  thofie  ^hich  ar«?  drawn  of  U{cht«r  shadtt 

1        ,  I  the  cHls«  are  few  tm<i  thick;  Uir  nuclfi  of  thi*  cell»  in  thin  prcpara- 

■it4UiW)U  couuitJti  W  be  viaibte. 


be  cornea.    When  the  entire  stroma  of  the  cornea  has  l)roken  down  into 
we  often  see  the  thin  Descf^met*.s  membrane  still  tor  days  offering 

ice  and  remaining  unimpaired  (sev  page  23(>j. 
5.  The  posterior  epitheiinm  (cndotheliym,  e,  Fig.  72).     This,  under 
be  form  of  a  single  layer  of  flattened  cells,  coat8  the  jxrsterior  surface 
Descemet 's  membrane. 

The  cornea  at  its  margin  abuts  against  three  meml>ranes»  the  con- 
QCtiva,  the  sck»ra,  and  tlie  uvea  (iris  and  ciliary  l>ody).     Em!>rynlogy 
aches  U8  that  tlie  cornea  consists  of  three  superimposiHl  layers,  each 
which  corresponds  to  one  of  the  ineml)ranes  adjacent  and  may   be 
said  to  represent  its  continuation  over  the  most  anterior  portion  of  the 
^elialL     The  cornea  hence  consists  of  three  divisions-^a  conjunctival, 
hcleral,  and  a  uveal.     The  conjunctival  portion  of  the  cornea  (the  so- 
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called  conjunctiva  come»)  consists  of  the  anterior  epithelium  and  of 
Bowman's  membrane,  and  also  in  the  marginal  portions  of  the  cornea 
of  the  most  anterior  lamellse  of  the  corneal  stroma,  which  at  the  limbus 
merge  into  the  tissue  of  the  conjunctiva  (Fig.  76,  L).  The  most  pos- 
terior lamellae  of  the  corneal  stroma  and  Descemets  membrane,  together 
with  the  posterior  epithelium  lining  it,  belongs  to  the  uvea,  while  the  mid- 
dle lamellae  of  the  cornea  represent  the  continuation  of  the  sclera  (Wal- 
deyer). 

In  the  fully  developed  eye  these  three  divisions  are  fused  into  a  com- 
mon whole,  although  their  commimity  of  origin  with  the  adjacent  mem- 
branes still  finds  expression  under  pathological  conditions;  the  conjunc- 
tival division  suffering  most  of  all  in  diseases  of  the  conjunctiva,  the  uveal 
division  in  diseases  of  the  uvea. 

The  cornea  contains  no  vessels.  These  cease  at  the  margin  of  the 
cornea,  forming  there  at  the  limbus  the  network  of  marginal  loops  which 


Fia.  75. — Corneal  Corpuscles  of  Man.    Magnified  250X1. 

From  another  cornea,  aUo  stained  while  still  fresh  with  gold  chloride.  The  corpuscles  represented 
all  lie  between  the  same  two  lamelle  and  consequently  m  the  same  plane.  They  are  connected  by 
thick  processes  with  each  other  and  appear  to  form  a  single  protoplasmic  network,  since  the  boundaries 
between  the  separate  ceil  territories  are  not  visible.    The  nuclei  lie  grouped  together. 

is  supplied  by  the  anterior  ciliary  vessels  (see  page  124,  and  Figs.  41  and 
42).  From  the  marginal  loops  the  blood-plasma  passes  over  into  the 
stroma  of  the  cornea. 

The  nerves  of  the  cornea  arise  partly  from  the  ciliary  nerves,  partly 
from  the  nerves  of  the  bulbar  conjunctiva.  They  are  very  numerous, 
particularly  in  the  uppermost  layers  of  the  stroma,  from  which  the  nerve 
fibers  pass  forward  through  Bowman^s  membrane  into  the  epithelium  as 
far  as  the  most  anterior  layers  of  the  latter  (Fig.  74,  n).  The  cornea  is 
therefore  extremely  sensitive  to  the  touch.  In  the  induction  of  narcosis 
the  reflex  that  follows  from  touching  the  cornea  (squeezing  together  of 
the  lids)  is  employed  to  test  the  depth  of  the  narcosis,  since  this  reflex 
is  among  those  that  are  the  last  to  disappear.  Lesions  of  the  cornea  are 
particularly  painful  whenever  they  affect  the  uppermost  layers,  which  are 
80  rich  in  nerves,  as,  for  instance,  in  the  case  of  exfoliation  of  the  epithelium, 
\gy  which  the  numerous  fibers  of  the  epithelial  plexus  of  nerves  are  laid 
lure. 
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the  cornea,  viowcvi  Irom  in  front,  appears  elliptical,  it  iä  circular  if  Ickoked 

ind.    Hence  the  eUiptica!  form  of  the  front  surfare  of  the  eoruea  is  due  to 

tbtit  both  sclera  and  coDJuncttva  overlap  it  farther  abovL'  and  below  than  at 

le  tueu*  »efiilis  consists  of  very  minute  drops  of  fat  whicli  lip  in  the»  lamella^  of 
rnea  n»  far  back  a8  Descemet'«  membrane  (Fig.  76).  In  addititm  to  tlie^e  there 
)eci  flakes  of  hyalin,  the  size  of  which  varies  from  that  of  the  tioeöt  dy»t  to  pretty 


B 


^} 


Powmmti*n  m«mhrnnt.  B,  is  rptidcTCHi  cloudy  by  a  depoail  of  cxlrcmoly  fine  t«»  f^ranulofi.    Thl»  i« 
pn  lh<»  cajw  with  thr  miiidl»  of  ih*^  eornm,  r.  wlicre'  thi>  j^rarudi'»  arv  liirpT  Mnri  lir  insirk'  uf  tlie 

brll«  lite  clcposil  of  («l  itrmntiicn  nittpn  wb<.'re  Duwnmn's  mernbrjitie  entl»  untl    ttii?  roojuneuva 
nbtifl«  L,  hpfunn.     The  d<*«per  wc  su,  the  further  towardl  the  periphery  du  thty  jKmnulirs  cxt«Qd, 
chine  trveA  «b  fftr  a*  the  sctora*  ><^« 


Fio.  7«.— Abcub  StKiu«-     (After  Takaya-sa.)     Magnified  75x1 


ontTetions.  Sometimes  also  there  is  found  a  deposit  of  lime  ^nrntilt«.  The 
the  arcHtö  senilis  is  supposeil  to  be*  a  rtcnilo  afrophy  of  the  limbus  conjunctiv8& 
truclton  of  a  part  of  the  vaaciilar  loop,s  rontaiiii-d  in  it, 


Clinical  Examination  of  the  Cornea. 

An  examination  of  the  cornea  must  have  regard  to  the  fcdlow- 
liotÄ: 

.  The  sue  and  form  of  the  cornea.  Both  may  l>e  altertxi  either  in 
uence  of  congenital  defects  or  because  of  morbid  processes*  Over- 
g  of  the  cornea  by  the  hmby?^  to  an  unusual  extent,  or  the  presence 

prpnnl  opacities  in  the  cornea,  nut  infrequently  sinuilate;?  a  dimiuu- 

m  Bize  or  an  irregularity  of  form. 

.  Tlie  »urfdce  of  the  cornea  must  be  examined  with  regard  to  its  curva- 
its  evenness»  and  \is  polish.  In  resipect  to  (a)  the  ctinmture  of  the 
I  as  a  whole,  marked  anonuilies  are  recognizable  at  the  hrst  glance; 
pr  ehangeg,  however,  require  more  precise  examination  by  means  of 
&flcx  images  (see  pages  7b  and  222),  The  cornea  acts  as  a  convex 
r,  the  greater  the  curvature  of  which  the  smaller  is  the  reflected 
L     In  order  to  be  able  to  judge  whether  the  reflex  image  given  by 

iticular  cornea  is  of  abnormal  dimensions,  we  must  compare  it  with 

laage  reflected  from  another  cornea  which  is  healthy,  antl  most  con- 
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veniently  with  that  from  the  cornea  of  the  other  eye  in  case  it  is  normal. 
The  diagnosis  is  easy  when  the  curvature  varies  at  different  portions  of 
the  same  cornea  (as,  for  instance,  in  keratoconus,  in  which  the  central 
portions  have  a  greater  curvature  than  those  at  the  periphery).  In  this 
case  we  cause  the  eye  to  move  about  in  such  a  way  that  the  reflection  of 
a  window  opposite  falls  successively  upon  different  portions  of  the  cornea, 
and  then  we  see  the  reflex  image  becoming  larger  or  smaller  according 
to  the  varying  curvature  of  the  cornea.  The  evenness  (6)  of  the  corneal 
surface,  together  with  the  perfection  of  its  polish,  gives  to  the  normal 
cornea  its  brilliant  luster.  Here,  again,  the  reflex  images  afford  the  best 
means  of  testing  both  of  these  properties.  These  images  in  the  normal 
cornea  are  regular  and  dear-cut.  If  there  is  unevenness  of  the  surface,  the 
image  at  the  spot  where  the  cornea  is  uneven  is  clear-cut  but  irregular;  it 
looks  distorted  because  its  outlines  are  irregularly  bowed  in  or  out  (Fig.  77, 
II).    The  form  and  extent  of  the  inequality  may  be  deduced  from  the 


Fig.  77. — Behavior  of  Reflex  Images  on  the  Cobnba. 

I.  On  the  normal  cornea.     Reflex  image  brilliant,  sharp  and  regular. 

II.  In  unevenness  of  the  surface.  Reflex  image  sharp  and  brilliant,  but  irregular.  Over  the  old 
opacity  of  the  cornea  which  is  associated  with  flattening,  the  image  of  the  window  is  broader  because 
the  surface  is  less  convex. 

III.  In  dulneas  of  the  surface.  Reflex  regular,  but  ill-defined  and  not  brilliant.  The  cornea  is 
stippled  and  hence  the  outlines  of  the  reflex  image  show  a  very  fine  sigcag  indentation. 

IV.  In  combined  unevenness  and  dulness  of  the  surface.  Reflex  image  irregular,  ill-defined,  and  not 
brilliant.    IV  represents  II  after  the  cornea  has  become  dull  by  the  development  of  increase  of  tension. 

kind  of  distortion  of  the  reflex  image.  The  inequality  of  the  corneal  sur- 
face becomes  particularly  evident  when  we  use  Placido's  keratoscope  (see 
§  149  [and  see  Figs.  393  and  394]).  By  the  ophthalmoscope,  too,  we  can 
recognize  inequalities  of  the  corneal  surface,  on  account  of  the  irregular 
astigmatism  which  they  produce  (page  95).  The  uneven  spots  upon 
the  corneal  surface  are  either  depressions  (losses  of  substance)  or  eleva- 
tions. Furthermore,  the  cornea  may  be  uneven  from  being  wrinkled 
(rhytidosis"  corneae)  or  from  being  entirely  collapsed  (coUapsus  corneae). 
Both  of  these  conditions  occur  in  cases  of  great  diminution  in  the  tension 
of  the  eyeball,  hence  particularly  after  the  escape  of  the  aqueous  or  \ät- 
reous  humors.  If  (c)  the  polish  of  the  cornea  is  entirely  lost,  the  latter 
becomes  lusterless  (dull) ;  it  looks  like  glass  that  has  been  breathed  upon, 
or  looks  as  if  it  had  been  smeared  with  grease.  The  reflex  images  show 
their  normal  size  and  form,  but  have  lost  their  sharp  ovüine.  The  cornea, 
therefore,  may  be  smooth  as  a  whole  but  at  the  same  time  may  be  dull, 
just  as  the  surface  of  a  ball  of  ground  glass  is.    Lack  of  luster  of  the  cornea 


5  From  .pvTcs,  a  wrinkle. 
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t  ^so  caused  by  the  presence  of  ineciualities  so  minute  as  to  be  nearly  or 
ite  imperceptible  to  the  nakefl  eye.      Such  inequalities^in  contrast 
ilh  those  of  larger  size — are  situated  only  in  the  epithelium  and  may 
consist  either  of  elevations  or  depressions  (FiiK,  78).     The  latter  are  pro- 
duced by  the  detachment  of  isolated  epithelial  cells  in  a  nimiljer  of  places, 
thus  leaving  minute  excavations;  the  surface  of  the  cornea  looks  as  if 
tippled  by  needle  pricks.     In  otlier  eases  we  see  the  roughness  of  the 
[>mea  produced  in  the  opposite  way — that  is,  by  its  surface  being  cov- 
witti  many  small  elevations,  in  which  case  the  cornea  looks  as  if  it 


Fio.  7«.— EK-U,  CoBiCEA.     Muirnificd  103X1. 

,bn  rlrviper  laiyttrs  ttt  ihv  epithelium  nrv  txominl.  lu  I  tic  crupi'rßrinl  liiytr?  tnitny  of  the  ci*\in  nre 
,  »ud  otlMJt»  n«ve>  mpfurva  \d  conaf^quonfe  of  bein«  »wollen.  The  fornjer  oau»«  Amiid  cltjvifttiotii 
''  dtpffg—ioo»  in  tbt]  corneal  flurfaeü.    Cf<  ttlao  Pig.  22« 


were  made  of  shagreen.  Here  we  have  to  do  witli  inultiple  elevations, 
producoil  by  a  lifting  of  the  epithelium,  and  occurring  under  the  form  of 
tiiinuto  vesicles. 

li»  The  iransjmrency  of  the  cornea  is  a  property  wliich  l>el(jngs  to  its 
rnchyma,  not  its  surface;  which  latter,  in  fact,  is  only  a  mathematical 
Bncept,  an  expresi^ion  for  the  superficies  that  forms  the  Ixjundary  betvv»^en 
cornea  and  the  air. 

Dense  opacities  of  the  cornea  are  visible  from  a  distance;  Ijut  for  the 

■ognition  of  slight  opacities  lateral  ilhimination  and  often  also  the  use 

the  magnifying  glass  are  indispensable.    By  means  of  these  aids  to  diag- 

sns  we  determine  the  fonn,  extent,  and  denseness  of  the  opacity.    We 

lake  out  whether  it  is  found  in  the  superficial  or  in  the  deep  layers  of  the 

Ci)mea,  and  further  whether  it  is  tliffuse  or  is  coni]>(>sed  of  sejiarate  small 

dots,  s\ioXSy  or  stride.     Many  an  opacity  which  apjvears  diffuse  when  seen 

ith  the  naked  eye  proves,  when  viewed  with  a  magnifying  glass,  to  be 

ipounded  of  smaller  opacities.     Such  an  opacity  may  subsequently 

>me  really  homogeneous  by  enlargement  and  confluence  of  its  com- 

Dnenta.    [Changes  in  the  transparency  and  evenness  of  the  cornea,  and 

rticularly  distortions  of  the  corneal  reflex  and  the  presence  of  minute 

»levations   and  depressions,  are  often  best  recognized  if  the  observer 

places  the  patient  in  a  semi-reclining  position  with  his  face  to  a  window, 

standing  behind  him,  examines  the  cornea  from  above  with  a  strong 

unifying  glass,  while  the  patient  is  told  to  move  his  eye  slowly  in 

lerent  directions  and  the  image  of  the  window  is  focused  sharply  on 

cornea  by  another  lens. 

To  demonstrate  defects  in  the  corneal  epithelium  Ave  use  fluorescein 
page  231).— D] 
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4.  The  sensitiveness  of  the  cornea  is  tested  by  touching  it  with  the 
end  of  a  thread  or  a  shred  of  paper.  In  many  diseases  the  sensitiveness 
of  the  cornea  is  diminished,  or  is  abolished  altogether. 

L  Inflammation  of  the  Cornea. 

General  Statement, 

29.  In  the  course  of  an  inflammation  of  the  cornea  (keratitis ')  we- 
observe  the  following  stages.  The  inflammation  begins  with  an  tn/U- 
trate  (Fig.  79).  Cells  in  increased  number  make  their  appearance  within 
the  parenchyma  of  the  cornea,  and  these  constitute  the  exudate.  As 
a  consequence  of  this  the  diseased  part  loses  its  transparency.  The 
level  of  the  cornea  over  it  is  either  normal  or  is  elevated;  in  no  case,  is 
it  depressed.  The  epithelium  suffers  to  the  extent  of  losing  its  polish, 
so  that  this  portion  of  the  cornea  appears  dull  upon  the  surface.    The 


FiQ.  79. — Infiltrate  in  the  Cornea.     (After  Saemisch.) 
The  epithelium,  e,  and  Bowman's  membrane,  b,  over  the  infiltrate  are  preserved. 

clinical  signs  of  the  existence  of  an  infiltrate  hence  are  cloudiness  of  the 
cornea,  and  loss  of  luster  over  the  clouded  portions,  but  no  depression 
of  the  surface.  The  subsequent  fate  of  the  infiltrate  varies.  It  may  go 
on  to  resorption  or  to  suppuration. 

(a)  Resorption  occurs  in  those  cases  in  which  the  inflammatory 
process  does  not  proceed  to  the  point  of  producing  actual  destruction 
of  the  corneal  lamellae  with  their  exfoliation.  In  that  case  no  loss  of 
substance  is  produced  in  the  cornea,  but  when  the  height  of  the  inflam- 
mation is  past,  the  exudate  gradually  disappears  from  the  cornea — second 
or  regressive  stage  of  the  inflammation.  In  favorable  cases,  when  the 
exudate  has  disappeared  by  resorption,  the  diseased  spots  may  become 
perfectly  normal  once  more  and  regain  their  transparency  (healing 
without  permanent  sequelae — i.  e.,  without  opacities).  But  it  may  also 
happen  that  the  stroma  of  the  cornea  may  not  be  absolutely  destroyed 
by  the  deposition  of  the  exudate,  and  may  yet  have  experienced  such 

•  From  K<A««>  horn. 
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eratioQ  of  its  structure  that,  even  after  the  disappearance  of  the 

'ixudHte^  ii  never  again  becomes  perfectly  transparent.     Or  it  may  be 

that  the  exudate  deposited  between  the  lamellai  of  the  cornea  does  not 

du^Appe&r  completely  by  resorption,  but  in  part  becomes  organized  and 

tö  left  permanently  &xed  in  the  cornea.    In  both  of  these  cases  the  in- 

tiJ Crate  ditsappears  by  a  process  of  healing,   but  leaves  a  permanent 

opacity  tjehind.     All  those  _ca^eä  in  which  resorptirm  of  the  exudate 

occurs  without  breaking  down  of  jiie  corneal  stroma  are  grouped"  to- 

gethtT  unijer  the  cormnon   name  of  n^ji-stijjpuraiiveiJcemlUis, 

^  {b)  The  infiltration  goes  on  to  suppuration,  when  the  exudation  is 
such  as  to  be  no  longer  compatible  with  tlie  maintenance  of  life  by  the 
ctirneal  stroma,  so  that  the  latter  breaks  down.  The  inflammation  then 
enters  upon  Ms  second  stiege,  that  of  suppuration»  which  is  associated 
with  a  localized  destruction  of  the  cornea.  These  cases  of  keratitis  are 
known  as  suppurative  keratiiis. 


^i^* 


Flo.  80* — C<iRKEAL  Ulcer  in  thi:  pRoonEssnr  Stage.     (After  Saemii^chl, 

Thi«  floor  of  ihe  ulcer  i»  formefl  by  an  ncpumultttion  of  pu«;  <^l|i*,  which  also  pu^h  their  way  ttome 
\Cte  m  between  the  hunell»  of  the  corneü,  that  mlji^iti  the  ulcer.    At  the  edfce  of  the  ulcer,  which 
(What  nucd,  the  epithelmro,  e,  &nd  Bciwnmci's  membnuiet  b,  end  ms  if  cut  ahon  off* 


The  most  frequent  form  of  suppurative  keratitis  is  the  corneal  idcer 

in   which  the  process  of  purulent   disintegration   begins  in  the   most 

Anterior  layers  of  the  cornea  (Fig.  80).     In  this  way  a  superficial  loss  of 

substance  is  produced  which  is  recogniÄable  m  a  depression  in  the 

corneal  surface.     In   the   beginning,   the  loss   of  substance  represents 

only  those  parts  which  are  most  markedly  infiltrated,  and  hence  are 

the  first  to  break  down.     Surrounding  these  are  layers,  which  hkewise 

are  infiltrated  with  the  exudate,  although  not  to  as  high  a  degree.    Hence 

both  the  floor  and  the  walls  of  the  ulcer  are  still  infiltrated,  for  which 

reason  we  call  it  a  foul  (coated,  infiltrated,  or  progressive)  ulcer.     Later 

on  the  infiltrated  portions  forming  the  floor  and  the  wall  of  the  ulcer, 

«o  far  as  they  are  incapable  of  hving,  are  also  cast  off;   but  those  parts 

of  the  corneal  tissue  which  have  retained  their  ability  to  live  remain, 

are  freed  by  a  process  of  resorption  from  the  exudate  which  infiltrates 

them,  and  become  once  more  transparent.     Thus,  the  ulcer  has,  it  is 
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true,  become  somewhat  larger  than  before,  but  the  cloudiness  surround- 
ing it  has  disappeared;  the  ulcer  has  acquired  a  smooth,  transparent 
base  and  edges;   it  is  a  cleansed  (regreasive)  ulcer  (Fig.  81). 

Among  the  clinical  signs  by  which  we  diagnosticate  an  ulcer,  the 
most  important  is  the  unevenness  of  the  corneal  surface,  the  latter 
presenting  a  depression  or  loss  of  substance.     In  foul  ulcers  this  di- 


#— 


FiQ.  81. — Corneal  Ulcbr  in  the  Reorbbsive  Stage.     (After  Saemisch.) 

The  floor  of  the  ulcer  is  formed  by  the  denuded  lamellfe  of  the  cornea;  a  alight  increase  in  the 
.umber  of  cells  between  them  can  still  be  made  out.  At  the  edges  (&)  of  the  ulcer  the  epithelium,  e. 
is  be^nninK  to  grow  out  over  the  base.  Newly  fonned  blood-v^tsels  (g)j  lying  in  the  upper  laycfs  of 
the  cornea,  run  to  the  ulcer. 


Fio.  82. — Cicatrix  of  the  Cornea.    (After  Saemisch.) 

The  epithelium,  e,  is  everywhere  present,  but  over  the  cicatrix  it  is  irregular,  and  in  places  (at  a) 
is  thickened.  Bowman's  membrane,  b,  is  wanting  at  the  site  of  the  cicatrix.  The  latter  itadf  is  di»- 
tinguished  from  the  tissue  of  the  normal  cornea  by  its  denser  and  leas  regular  texture. 


pression  is  surrounded  by  clouded  corneal  tissue,  which,  moreover,  is 
dull  upon  its  surface;  the  floor  of  the  ulcer  also  is  gray  and  uneven.  In 
clean  ulcers  the  cloudiness  surrounding  them  is  very  slight,  or  is  want- 
ing altogether,  and  the  floor  and  the  edge  of  the  loss  of  substance  are 
smooth  and  shining;  the  ulcer  gives  a  mirror-like  reflex. 

Every  keratitis  suppurativa  entails  a  loss  of  substance  in  the  cornea. 
This  must  be  filled  up  again  by  newly  formed  tissue,  in.  doing  ygjji^ih 
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tbe  process  enters  upon  its  third  stage — that  of  cicatrization.  The  new- 
ly formed  tissue  is  not  corneal  tissue,  but  connective  tissue,  and  is  ac- 
ooitüiigly  opaque  (Fig.  82).  Hence  suppurative  keratitis  alway>s  leaves 
tk  permanent   gyftc^^y  ft^t^r -it.     The   opacity,  indeed,  is   the   principal 


eliaical  sign  of  a  cicatrix,  for  the  corneal  surface  has  completely  reac- 
quired its  luster,  because  its  epithelium  is  restored  to  the  normal  state^ 
and  the  excavation  or  loss  of  substance  has  disappeared,  at  most  a 
filight  flattening  of  the  surface  being  present. 

Recapitulation. — ^As  has  been  stated  above,  non-suppurative  kera- 
titis has  two  stages,  the  stage  of  infiltration  and  that  of  resorption.  In 
suppurative  keratitis,  on  the  other  hand,  we  distinguish  three  stag^: 
ihe  stage  of  infiltration,  the  stage  of  suppuration,  and  the  stage  of 
cicatrixation  (reparation).  The  stage  of  suppuration  is  composed  of 
two  periods,  the  progressive  (foul  ulcer)  and  the  regressive  (clean  ulcer). 
In  making  the  clinical  diagnosis  of  the  form  and  the  stage  of  an 
inflammation  of  the  cornea  we  proceed  in  the  following  manner:  We 
first  examine  the  corneal  reflex.  //  the  surjace  over  the  clouded  area  is 
duil,  we  arc  decUing  wiih  a  recent  affection^  and  in  that  case,  if  there  is  no 
lo$si  of  substance  J  with  an  infiltrate;  bid  if  a  loss  of  substance  is  present  j 
wiik  a  foul  ulcer.  If  the  surface  is  lustrous,  ike  affection  is  an  old  one,  and, 
if  a  loss  of  substance  is  present,  is  a  clean  ulcer;  but  if  no  loss  of  substance 
ti  msiblf,  we  are  dealing  icith  a  cicatrix. 

30.  Vascularization  of  the  Cornea. — In  inflammation  of  the 
cornea  we  very  frequently  observe  the  development  of  vessels  which 
grow  in  upon  the  cornea  from  its  margin.  This  occurs  more  frequently 
during  the  process  of  healing  of  corneal  ulcers.  At  the  time  when  the 
ulcers  begins  to  become  clean,  we  see  vessels  starting  out  from  that  part 
of  tbe  limbus  lying  next  to  the  ulcer.  These  vessels  lie  in  the  most  su- 
perficial layers  of  the  cornea  and  extend  toward  the  ulcer,  whose  edges 
they  soon  reach  (Fig.  SI,  g).  Their  chief  office  seems  to  consist  in  sup- 
plying the  necessary  material  fur  fdling  in  the  loss  of  substance.  Their 
advent  therefore  is  to  be  regarded  as  favorable:  we  know  that  at  the  spot 
where  the  vessels  have  reached  the  ulcer  the  further  prof^ress  of  the^  lat- 
ter is  no  longer  to  l>e  apprehended— that,  on  the  contrary,  it  will  there 
enler  upon  the  process  oi  healing.  After  the  loss  of  substance  has  lieen 
filled  in»  the  vessels  gradually  disappear,  so  that  a  corneal  cicatrix  con- 
tains fewer  of  them  as  it  grows  older.  Nevertheless,  the  blood-vessels 
never  entirely  disappear  from  the  large  cicatrices. 

In  other  cases  the  formation  of  new  vessels  accompanies  the  prog- 
rcw  of  the  inflammatorjf  process,  and  hence  belongs,  like  the  exudation 
itself,  to  the  cUnical  picture  of  the  inflammation.  The  best  example  of 
this  is  afforded  by  the  vascular  form  of  parenchymatous  keratitis  (§  41). 
A  kind  of  vascularization  differing  from  both  of  these  varieties  is 
that  which  forms  one  of  the  symptoms  of  pannus.  Here  the  vessels 
do  not  lie  in  the  cornea  itself,  but  in  a  newly  formed  tissue  denctsitftd 
upon  it,  of  which  tissue  they  form  an  essential   constituent  (Fig.  50). 
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It  is  very  important  to  determine  the  situation  of  the  vessels  in 
the  cornea  that  is,  whether  superficial  or  deep — since  by  this  fact  alone 
we  can  often  diagnosticate  what  sort  of  keratitis  we  are  confronted 
with.  The  type  of  superficial  vascularization  is  afforded  by  pannus, 
that  of  deep  vascularization  by  keratitis  parenchymatosa. 

The  signs  which  enable  us  to  distinguish  the  two  kinds  of  vascular- 
ization from  each  other  may  be  contrasted  as  follows: 


Fio.  83. 


Fig.  84. 


Fia.85. 


Fio.  83. — Superficial  BLOOD-VESSELa  in  Pannus.    Bfagnified  2X1. 

Fio.  84. — Deep-Lying  Blood-vesbels   in  Parenchticatoub  Keratitis.     Magnified  2  X  1.— 

Recent  case  with  brush-like  branching. 
Fig.  85. — Deep-Ltino  Blood-vessels  in  Parbnchtmatoub  Keratitis.     Bfagnified  2  X  1.— 

Old  case  with  broom-lUce  branching  of  vessels. 


Superficial  Vessels 
(Fig.  83) 

spring  from  the  net-work  of  mar- 
ginal loops  of  the  limbus,  and  can 
therefore  be  followed  from  the  cor- 
nea into  the  limbus,  and  thence  on 
to  the  vessels  of  the  conjunctiva. 

On  account  of  their  superficial 
position  are  clearly  visible  and 
well-defined,  and  have  a  vivid-red 
color. 


The  vessels  branch  in  an  ar- 
borescent fashion. 


The  corneal  surface  is  uneven, 
beeause  the  vohhoIs  raise  up  the  epi- 
^^iflitim  lying  directly  over  them. 


Deeply  Situated  Vessels 
(Figs.  84,  85) 

spring  from  the  vessels  of  the 
sclera  close  to  the  margin  of  the 
cornea,  and  hence  appear  to  come 
to  an  end  suddenly  at  the  limbus, 
as  they  disappear  behind  the  lat- 
ter to  enter  the  sclera. 

Are  not  distinctly  recogni- 
zable, or  are  even  unrecognizable, 
except  as  a  diffuse  red  coloration, 
and  have  a  dirty  red  (grayish- 
red)  hue;  the  reason  for  these  ap- 
pearances being  that  the  vessels 
are  veiled  by  the  clouded  layers  of 
cornea  lying  in  front  of  them. 

The  vessels  either  form  fine 
twigs  running  **broomstraw-f ash- 
ion'* — i.e4r  parallel  to  each  other 
— or  else  diverge  like  the  hairs  of 
a  paint-brush. 

The  surface  of  the  cornea  is 
lusterless,  it  is  true,  but  not  un- 
even. 
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Participation  of  Neis:h boring  Org:aiis  in  the  Process,— Every 
»rat it U  is  arrompaiiied  by  inflamtiiiitory  symptoms,  the  nuKst  impor- 
tant of  which  iire— 

(a)  The  injection  of  the  blood  -  vessels.     The  characteristic  mark  of 

corneal  inflammation  is  ciliary  injection.     When  the  inflammation  is 

it,  conjunctival  injection  also  makes  its  appearance,  and  may  con- 

the  ciliary  injection  to  a  greater  or  less  extent.  Very  violent  sup- 
purative inflammations  of  the  cornea  are  accompanied  by  cedematous 
swelling  ^f  the  conjunctiva  and  even  of  the  lids. 

(6^  The  iris  and  even  the  ciliary  body  become  inflamed  in  cases  of 
marked  keratitis,  so  that  we  see  the  symptoms  of  iriUs  and  irido-ci/cliiis 
set  in  (see  jjf  67  and  68),  These  accompanyini^  infliimmations  may  be 
intense  enough  to  bring  about  the  destruction  of  the  eye.  The  exudate 
poured  out  by  the  uvea  very  often,  especially  in  suppurative  keratitis, 
appears  under  the  form  of — 

(c)  liypoptfon^  This  is  the  accumulation  of  a  purulent  exudate  at 
the  bottom  of  the  anterior  chamber.  It  forms  a  frequent  symptom  in 
keratitis  suppurativa.  We  then  find  collected  in  the  lowest  portion  of 
the  chamber  a  yellow  ma^s  which,  because  it  is  fluid,  is  hmited  above 
by  a  horizontal  line,  and  for  the  same  reason  is  seen  to  change  its  place 
and  seek  the  deeper  portions  of  the  chaml>er  when  the  head  is  moved, 
la  other  castas  the  mass  is  gclatiituys,  and  thrn  when  ^een  from  in  front 
often  has  a  1x>rder  that  is  convex  upward,  or  it  ups  quite  hkc  a  solid  ball 
at  the  bottom  of  the  chamlier  and  does  not  change  its  position  with  the 
movements  of  the  head.  The  amount  of  the  pus  varies  greatly,  ranging 
from  a  scarcely  perceptible  crescent  lodged  in  the  io%vest  sinus  of  the 
chamber  up  to  masses  of  such  size  that  the  entire  chamber  is  filled  by 
the  hypopyon.  H3^popyon  may  disappear  by  resorption»  this  process 
taking  place  the  more  rapidly  the  more  fluid  the  hypopyon  is.  Pretty 
thick  masses  of  exudation  may  become  organized  and  lead  to  occlusion 
nf  the  pupil,  or,  in  rare  cases,  to  adhesion  of  the  iris  to  the  posterior 
surface  of  the  cornea. 

(d)  The  subjectwe  phenomena  associat^ed  with  keratitis  are  pain 
and  photophobia,  together  with  the  lachrymation  and  blepharospasm 
which   the!?e  conditions  cause,  and  also  disturbance  of  vision — ^syrap- 

ms  which  are  met  with  in  very  var>nng  degree. 

The  hisiitiitgical  proeesses  occurHng  in  inflammatfou  of  the  cornea  have  been  the 
•abject  of  the  most  zealous  inveetigatioDs,  and  t^epecially  of  invest  igat  ions  experimentally 
OOodurtod,  liecause  the  attempt  waa  made  to  study  in  this  fidd  the  problem  of  inflaro- 
mat  ion  in  general.  For  auch  studiea  the  cornea  is  parlieularly  adapteil  on  account  of  ita 
tmiBpiut^ncy,  and  also  on  account  of  the  charaoten5tic  form  of  the  fixed  elemeata  of 
iti  tinsu«.  There  Ls  no  doubt  that  in  every  keratitia  there  ocrurs  an  increaae  in  the 
numlier  of  the  cellular  elements,  vvhcise  accumulation  causes  the  cloudiness  of  the  cornea, 
viaihte  to  the  naked  eye,  and  finally,  if  vtry  ronsiderahle»  terminnte»  in  the  formation 
of  pus,  Xe%'ertheles8  ohservens  coidd  not  a^^ree  as  to  i  lie  source  of  tlie  new  cells  which 
madc  thi'ir  apix^arance  in  the  cornea.    Some,  the  leader  of  whom  was  Cohnheim,  locked 


*  From  ¥W9t  beneath,  sod  wwr,  ptw. 
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upon  them  as  white  blood  corpuscles  which  had  migrated  into  the  cornea  from  the 
vessels  of  the  corneal  margin.  Others,  especially  Strieker,  believed  them  to  be  derived 
from  an  increase  in  number  of  the  normal  fixed  cells  of  the  cornea.  It  is  now  certain 
that  both  processes  occur,  although  a  different  significance  attaches  to  the  two.  When- 
ever an  irritant  productive  of  inflammation  affects  the  cornea  numerous  white  blood  cor- 
puscles wander  into  the  latter,  entering  it  by  two  ways.  The  great  bulk  of  the  ct>lla  is 
derived  from  the  vessels  of  the  corneal  margin^  from  which  they  make  their  wav  between 
the  lamoll«  of  tLe  cornea  until  thev  reach  the  inpafflpnii^^rY  fociM.  m  certain  caaea 
the?e  cells  Vorm  a  ring-shaped  infiltration  (invasion-ring,  Fig.  96)  about  the  diseased 
area.  A  few  cells  wander  into  the  diseased  area  of  the  cornea  from  the  conjunctival  sac. 
This  occurs  when  an  epithelial  defect  present  in  the  affected  part  gives  the  cells  access  to 
the  parenchyma  of  the  cornea.  The  proliferation  of  fiypd  (v>m«>ftl  /*q]^nanlAQ  fftlr<>«thiit 
an  insignificant 
most  of  the 
whicn  results  m  i 

In  the  healing  of  the  losses  of  substance  produced  by  inflanmiation,  the  regeneratioir 
of  the  epithelium  and  the  regeneration  of  the  stroma  require  separate  consideration. 
The  epithelium  is  replaced  by  the  growth  of  the  epithelium  from  the  edge  of  the 
ulcer.  Losses  of  substances  which  affect  the  epithelium  only,  heal  with  a  perfect  resto- 
ration to  the  normal  state  and  without  leaving  a  permanent  opacity.  On  the  other 
hand,  every  loss  of  substance  of  the  corneal  stroma  is  filled  up  bv  cicatricial  t^ue  which 
forms  from  the  bottom  and  sides  of  the  ulcer  1'he  chief  part  in  this  is  taken  by  the 
fixed  cells  of  the  cornea  in  the  immediate  neighborhood  of  the  ulcer,  as  these  increase 
by  division,  and  the  cells  which  thus  arise  grow  into  connective-tissue  fibers.  The 
tissue  thus  formed  is,  however,  essentially  different  from  the  normal  tissue  of  the  cor- 
nea (Fig.  82).  The  regular^ar^auggment  of  t.hft  y^nrmftl  fib^ra  ^^f  the  cornea  is  w^ting. 
and  so,  too^  are  the  stellately  hrannhad  fiy#j^  corneal  corpuscles,  which  are  replaced 
by  ordinary  connective-tissue  cells.  Bowinan's  membrane  is  never  regenerated  (Figs.  82, 
86,  87,  88).  The  epithelium  (Fig.  82,  e)  hence  lies  directly  upon  the  cicatricial  tissue, 
from  which,  being  thinner  in  some  places  and  thicker  in  others,  it  is  separated  by  an 
irregular  line. 

As  a  consequence  of  these  peculiarities,  the  cicatricial  tissue  never  possesses  the 
perfect  transparency  of  the  normal  cornea,  and  is  hence  recognizable  even  with  the 
naked  eye  as  an  opacity.  After  having  existed  for  a  long  time,  the  texture  of  the 
cicatricial  tissue  approximates  somewhat  more  closely  to  the  regular  structure  of  the 
corneal  tissue.  It  accordingly  gains  in  transparency,  and  a  **  clearing  up  "  of  the  opacity 
is  observed  to  take  place — a  process,  however,  which  never  gets  to  the  point  of  producing 
a.  complete  disappearance  of  the  opacity  except  in  the  case  of  quite  small  and  superficial 
cicatrices. 

In  deep  losses  of  substance  the  restoration  of  the  normal  epithelial  coating  Hoes 
not  wait  to  make  its  appearance  until  the  ulcer  itself  has  been  comfdetely  filled  up  by 
cicatricial  tissue.  On  the  contrary,  from  the  moment  when  the  ulcer  has  become  clean 
the  epithelium  begins  to  grow  over  the  latter,  and  hence  begins  to  cover  it  at  a  time 
when  there  is  no  cicatricial  tissue  present,  or  only  a  very  thin  layer  of  it  (Figs.  86  and 
87).  At  this  time  the  ulcer  (on  account  of  the  absence  of  opaque  cicatricial  tissue)  is 
still  almost  completely  transparent,  and,  as  a  consequence  of  the  restoration  of  the 
epithelial  covering,  is  smooth  and  shining.  The  formation  of  cicatricial  tissue  now  goes 
on  beneath  the  epithelium,  and  by  this  process  the  latter  is  gradually  lifted  up  to  its 
normal  level.  In  proportion  as  the  layer  of  cicatricial  tissue  becomes  thicker,  the  degree 
of  opacity  naturally  increases;  but  it  would  be  a  very  great  mistake  for  the  physician  to 
conclude  from  this  fact  that  the  disease  was  advancing. 

The  signs  before  given,  having  regard  to  changes  in  the  luster,  evenness  of  surface^ 
and  transparency  of  the  cornea,  serve  for  the  diagnosis  of  the  variety  of  corneal  disease 
that  is  present.  The  recognition  of  these  changes  requires  a  certain  amoimt  of  practice 
ani  experience.  Particularly  often  is  it  the  case  that  the  alteration  in  luster  of  the 
cornea  escapes  the  beginner,  and,  especially  so  when  the  cornea  has  tears  running  over 
it.    These  fill  up  the  small  inequalities  in  the  corneal  su^^ace  and  cause  a  dull  cornea  or 
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which  ia  a  little  uneven,  to  appear  Braooth  and  even  and  therefore  of  normal 
liofiDOver,  the  chan^e^  tliat  are  characteristic  of  the  different  stages  of  corneal 
lion  are  not  always  found  combined  in  a  manner  os  schematic  m  has  been 
iUhI.  Some  examples  may  show  in  what  way  exceptions  to  them  Oi'fur.  The 
tliat  are  present  upon  the  cornea  may  L>e  old^  and  yet  the  cornea,  t>ecaime  of 
t  merease  of  tension,  may  look  dull  and  stippled.  The  surface  of  the  cornea 
ii  not  mlway«  smooth  when  there  are  infiltrates,  nor  yei  when  there  are  cicatrices.  In 
illB  tMM»  of  infiltrates,  a  bulging  forward  of  the  surface  of  the  cornea  often  takes  place 
QD  aoooufit  of  the  deposition  of  an  excessive  quantity  of  exudation;  in  the  cases  of 
^MmtHfim,  OD  the  other  hand,  a  flattening  may  take  place  in  consequence  of  an  insufficient 
WBIStog  ia  of  the  losa  of  substance.  In  doubtful  caBes^  we  must  take  still  other  factaiB 
ioio  eootfideration,  w^iich  may  furnish  point«  that  will  establish  our  diagnosis,  llius, 
te  Ibe  mme  of*  cicatrix,  the  outline  of  the  opacity  is  commonly  Inerter  defined  than  in 
tile  CBfle  of  II  recent  opacity  due  to  inflammation.  The  color  of  the  latter  form  of  ojmcity 
fmrm  from  gray  to  yellowish  white  and  to  yellow;  cicatrices,  on  the  contrary,  present 
I  jBiher  a  pure  white,  or,  if  thin,  a  bluish-white  hue.  Recent  inflammütory  processes  are 
fllBortJitetl  with  attendant  infiamiimlorj*  symptoms  (ciliary  injection,  etc.),  which  are 
imntriig  in  tlie  case  of  cicatrices.  By  putting  all  these  factü  together  the  right  diagnoei» 
9U  almost  always  be  made. 

Fludjrcjtfin  is  used  to  make  more  apparent  those  spots  upon  the  cornea  that  are 

ikititute  of  epithebal  covering  (erosions  and  ulcers).    If  a  one-per-cent  aqut^us  solution 

of  potAssium  fluorcHcin  is  iuistilled  into  the  conjunctival  sac,  the  liighly  Huorescent  licjuid 

ties  »c>lely  into  those  portions  of  the  cornea  that  are  unprotected  by  epithelium, 

h  portions  consequently  are  stained  a  vivid  green  and,  when  the  excess  of  potas- 

I    Mtmu  äuort*i*ci«  is  rrmoved  by  wasliing   tlie  eyeball  off  witli  wut-rr,  contract  very  dis- 

f:ly  with  the  uncolored  surroimdtng  parts.    (See  page  7.)    rFluorescein  is  of  especial 
i*  in  demonstrating  the  very  slight  defects  prewnt  in  recurring  erosions,  See  §  43.— D.] 
The  rxmlatUm  into  the  afUerior  cAamhei\  which  accompünicvs  every  well-marked 
'  i-  upon  the  fact  that  irritant  subrttances  from  the  inflamed  cornea  dif- 

fik  ous  and  then  act  upon  the  ves»cb  of  tlie  uvea  (i.  e.,  the  iris  and  ciliary 

^j4> ;.  1  rotuj-he  lattrr  bnUi^bgin  and  white  blood  eorpUBclcg  t>aa8  into  the  atj^foti.^, 
^wtng  to  tl^c^mm^ast^i  .-inioimr^or  bi>nn  m  tnc  aqueous,  coagula  ure  forrned  on  the 
^Btts  of  the  anterior  chamber;  ü  layer  of  fibrin  is  precipitated  upon  the  posterior  surface 
^^^Hth<*  coniea  (Fig.  177),  and  often  also  upon  the  anterior  surface  of  the  iris  (Fig.  ICiH). 
^E  such  cfüH»  the  cornea,  in  addition  to  the  circumscribed  opacity  that  correspond« 
to  the  area  dbeai5C*d,  pr^^ent^  a  faint  diffuised  cioudinc^**  produccil  by  the  la^er  of  exu- 

»e  upon  its  fxisterior  surface.     The  margin  of  a  fibrinous  clot  of  this  sort  (which  is 
»lly  much  larger  than  the  inflammatory  mass  in  the  eomea)  can  sometimes  bo  rec- 
OfnimJ  as  a  faint,  gray*  circular  line  which  surrounds  the  corneal  rniuss  at  some  distance 
from  it.    If  the  coating  of  fibrin  lines  the  cornea  throughout,  a  difTuai^  cloudiness  la  pro- 
duced, which  is  clinically  indisiinguishable  from  a  cloudiness  of  the  aqueous.     This 
latter  cloudinessi  is  caused  by  leucocytes,  wlüch  emigrate  from  the  vessels  of  the  iria 
and  ciliÄr>^  body  and   become  susjiended  In  the  aquiHDus,     l^ater,  by  sinking  to  the 
bottom  of  the  anterior  chamber,  th(»f«e  cells  form  th(^  hypopyon.    Thr  latter,  therefore, 
^Mfinati'M  not  from  the  cornea,  but  from  the  vessfis  of  th»'  uvea,  an,  indeed,  is  also  appar- 
^pl  from  thi«  fart  that  many  nf  thp  niiR  gftfp^tsHps  contain  o/fimcnt  gramdeg.  wfii^l^J^ey 
^Sivf*  tT  ]  with  thrin  from  I l^j^nfliimtHl  uvvn      For  this  rra.'^rtn,  to<j,  we  imder- 

«tiuTT^  nvon  JH  foiirtr|  i[i  hi>  friy  (rtmi  pUfi  c(^(^l.     It  is  owing  to  this  freedom 

from  germ.-  ihut  the  hj^xipyon  is  tolerated  by  the  tissues  bordering  tin*  anterior  chamber 
and  prothiees  no  sfXH-ial  reaction  in  them.  If  ordinary  ptis  containing  cocci  is  init'crtxl 
into  the  mifcrittr  chamVK'r  of  a  nibVtit ,  the  eye  is  raintllviTc^troVi  d  liy  [tanophthalrnitis. 
But  the  PU.S  Ihat  »constitutes  u  hypppvon  \a  not  nnty  tnlrratrd  by  jhf  fv<-  wit)]  impi^nitv. 


ev^n  unc  1  e rgo  ubr^orption  wi 
oi  tlie  iiv! 


hour 


fiivnm  ;iJi 


amenti t m  pj^v^ijiatum 


The  rapidity  with  \\h\v\ 


hit^llv  tliroiiy;h  tin'  iiRv^iwork  of  the 


__^^^^^^^^^^^-  .        .  absorpiinn  procctxls  varies  exceed- 

mdy      '»  nuiny  cases  a  hyi)opyon  uf  conHiderahk-  si/e  disaiH)»'an^  so  comTiletely  thai 

•  twenty 'four  hours  scarcely  a  trace  of  it"  is  to  be  tound;  in  other  cases  the  hvpöuvon 
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remains  lying  ftt  thft  hgtt.om  of  t.^ift  nhamh^r  an  long  that  it  becomes  organized.  Some- 
times we  observe  a  rapid  alternation  in  the  height  of  the  hypopyon  wmcn  at  times  de- 
creases, and  again  increases  once  more. 

Subdivision  of  Keratitis. 

31.  The  subdivision  of  keratitis  into  keratitis  suppurativa  and  kera- 
titis non-suppurativa  corresponds  most  fully  to  practical  requirements. 
Every  suppurative  keratitis,  since  it  is  associated  with  destruction  of 
corneal  tissue,  leaves  behind  it  a  permanent  opacity,  which  in  many 
cases  injuriously  affects  the  visual  power.  On  the  contrary,  so  long  as 
purulent  dissolution  of  the  cornea  has  not  taken  place — that  is,  in  non- 
suppurative keratitis — a  complete  restoration  of  its  transparency,  and 
with  it  of  the  normal  power  of  vision,  is  possible,  and,  in  fact,  often  does 
take  place.  Moreover,  the  above  subdivision  also  corresponds  to  the 
essential  characters  of  the  corneal  inflammations.  For  it  is  not  merely 
a  matter  of  accident  nor  something  that  depends  altogether  on  the 
degree  of  inflammation,  that  determines  whether  an  infiltrate  in  the 
cornea  goes  on  to  suppuration  or  to  resorption.  On  the  contrary,  the 
forms  which  tend  to  the  production  of  suppuration  ordinarily  present 
from  the  very  beginning  characters  differing  from  those  borne  by  forms 
in  which  there  is  no  progress  toward  suppuration,  so  that  these  two 
categories  are  distinct  not  only  in  their  consequences  but  also  in  their 
clinical  aspect.  The  suppurative  keratitides  develop  as  a  rule  from  t^ie 
entrance  of  pyogenic  bacteria  into  the  finrnefl.  from  its  surfq.ce  fecto- 
genous  infection).  They  have  their  origin,  therefore,  generally  in  ex- 
ternal morbific  agents;  and  in  the  majority  of  cases,  only  one  focus  of 
disease  is  present,  which  starts  at  some  point  on  the  suriface  and  from 
this  spreads  continuously  either  along  the  surface  or  into  the  depth  of 
the  cornea.  The  deep  forms  of  non-supparative  keratitis,  on  the  con- 
trary are  caused  as  a  rule  bv  constitutional  disease.  The  morbific  agent 
is  carried  to  the  cornea  by  the  circulation  of  blood  or  lymph,  and,  since 
it  exerts  its  action  on  many  points  of  the  corneal  parenchyma  at  once, 
many  distinct  foci  of  disease  are  produced.  Hence  the  cloudiness  in 
the  cornea  can  be  resolved  by  the  loupe  into  numerous  small  spots  which 
are  the  separate  infiltrates.  These  lie  in  the  middle  and  deep  layers  of 
the  cornea. 

To  each  of  the  two  categories  of  keratitis  a  number  of  different 
forms  belong,  the  most  important  of  which  are  set  forth  in  the  following 
list: 


A.  Keratitis  Suppurativa, 


H  ua^.M^»^«*^/«^ 


1.  Ulcer  of  the  cornea. -^^  .  _^  «tfl^l 


2.  Ulcus  serpens  corneae.^^^^   C»'^      *  ^  |J 

3.  Keratitis  e  lagophthalmo. 

4.  Keratomalacia. 

5.  Keratitis  neuroparalytica. 
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K€r{Uäü  NonSuppurativa, 
(a)  Superficial  forms. 

1.  Pannus. 

2.  Keratitis  with  the  formation  of  vesicles. 
(6)  Deep  forms. 

3.  Parenchymatous  keratitiä. 

4.  Keratitis  profunda, 
o.  Sclerosing  keratitis, 

6.  Keratitis  starting  from  the  posterior  surface  of  the  cornea. 


k cleji 

^■ino« 


A.   SUPPURATIVE  KERATITIS 
1.  Ulcer  of  the  Cornea* 

32.  Symptoms  and  Course. — Every  ulcer  of  the  cornea  develops 
Vom  an  inhltrute.  In  tiie  beginning  we  find  one  spot  upon  the  cornea 
cloudy  and  the  surface  over  it  dull  (inhltrute).  Then  the  epithelium 
exfoliates  upun  the  surface  of  the  affected  spot,  and  soon,  by  the  break- 
ing down  of  the  most  strongly  infiltrated  portions  of  the  cornea,  a  loss 
of  substance  forms  in  the  parenchyma  of  the  cornea,  so  that  an  ulcer  is 
produced.  This  is  at  first  surrounded  by  infiltrated  portions  of  the 
cornea— a  fact  which  we  recognize  by  the  base  of  the  ulcer  being  gray 
and  uneven,  and  its  walls  likewise  gray  and  clouded.  The  walls  of  the 
ulcer  are  often  surrounded  for  quite  a  distance  by  a  gray  area,  or  slender 
g^ray  striae,  extending  from  the  ulcer  in  different  directions  into  the 
transparent  cornea,  TJiis  is  an  unclean  ur  progressive  ulcer  (Fig.  80). 
In  a  favorable  case,  only  so  much  of  the  corneal  tissue  breaks  down 
during  the  further  progress  of  the  disease  as  was  from  the  very  beginning 
too  strongly  infiltrated  to  live.  In  this  case  the  ulcer  rapidly  becomes 
clean  without  attaining  great  dimensions.  But  it  very  often  happens 
t.  simuhaneously  with  the  breaking  down  of  the  parts  that  are 
ioet  strongly  infiltrated,  the  inflammatory  cloudiness  keeps  spreading, 
new  portions  of  the  cornea  being  constantly  attacked  by  the  infiltration. 
And  if  these,  too,  break  down  into  pus,  the  ulcer  grows  constantly  larger. 
This  progressive  growtli  of  the  ulcer  takes  plac<^  sometimes  more  in  the 
direction  of  its  depth,  sometimes  more  along  the  surface.  In  tho  former 
case,  perforation  of  the  cornea  is  to  be  appr<'hended;  in  the  second  case, 
larger  and  larger  areas  of  the  cornea  may  be  destroyed^  and  thus  extensive 
opacities  he  prtnlueed.  Progressive  growth  along  the  surface  often  takes 
place  <*hiefly  in  one  direction— a  fact  which  can  be  easily  recognized  by  a 
particularly  marked  gray  cloudiness,  or  even  a  yellow  cloudiness,  of  the  ulcer 
wall  on  the  corresponding  siile.  It  may  even  happen  that  the  ulcer  keeps 
constantly  advancing  in  one  direction,  while  on  the  opposite  side  it  heals 
just  as  fast,  so  that  apparently  it  goes  creeping  over  the  cornea  (serpiffi- 
nous'  ulcer). 


(  Frutn  mrpert^    tu  creep. 
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The  progressive  stage  of  the  ulcer  is  accompanied  by  symptoms  of 
irritation,  like  ciliary  injection,  lachrymation,  photophobia,  and  pain, 
which  not  infrequently  reach  a  considerable  height;  moreover,  in  this 
stage  hyperaemia  and  even  inflammation  of  the  iris  make  their  appear- 
ance {evidenced  by  turbidity  of  the  aqueous  humor,  hypopyon,  dis- 
coloration of  the  iris,  contraction  of  the  pupil,  posterior  synechias). 
There  are^  however,  cases  of  ulceration  in  which  the  irritative  syrop- 


FiQ.  8*}. — Healkd  Ü1.CKH  QF  THE  CoRNEA.    Moj^iiified  345  X  1. 

The  loss  of  RubittaJic«  developing  a»*  a  ra^auH  of  crinjunetivitis  eczetiiÄtosa  ttfrei-tÄ  Bowman*»  mem- 
brane, B,  and  the  motit^uperlicial  lanicllif  of  the  curnea^  C.  The  low  of  ijubiutaftce  i>  ftlk»*l  up  with  epu 
tlieliuni,  E;  ris lit  beneath  the  epithelium,  hnwever,  the  nuclei  in  the  comen  are  a^jp-e^ated  somewhat 
more  cloBoly  tüati  nonual»  so  that  p««rhap.«i  we  arc  to  ajsauin«  that  thi>r«  \»  here  a  very  thin  Imyter  at 
connect ive-tlss^ue  fibers.  In  the  ^ye  durinK  life,  there  wbm*  no  opacity  of  the  coraea  visible;  nor  was  there 
any  facet  either,  iiinoe  the  surface  of  the  epitlielium  lie«  everywhere  at  the  same  level. 


Fi«5.  87» — Facet  or  the  Cornea»     Magnified  OO      1. 

In  the  are«  of  the  facet  the  epithelium  E  ahows  a  Bhallov  depr(**ixion;  Bowman's  membnae,  L 
is  wantinj^  here,  and  st*  are  the  »iper&ciaj  layers  of  the  cornea,  C*  The  larger  portioD  of  the  lotm  of  iub 
Mance  iw  lille^J  with  «epithelium  amy;  only  at  n  is  there  a  layer  of  eonnt*etive  tissue  between  ef>itheliii'' 
and  corneal  parfnchytua.  C^rnwpc}«!!!!!«  to  thii*  conneetive  tifwue  there  waa  a  dAllclit«  »eiiii-tfirr  ' 
opacity  which  niarktxi  one  etlne  of  thi*  urar.  In  it*  otheir  part-s  the  sc-ar  waa  almoflt  enltiiely  tn 
and  cNuild  tj«*  rect^jgniied  only  by  the  flattemnB  of  the  aurtace  of  the  oorne«,  D,  Dmtemei  a  in 
with  itj«  endothelium. 


toms  are  very, alight,  oi^firf^  wanting  altogether^ — cases  constituting 
what  are  called  torpid  or  asthenic  ulcers — which  nevertheless  may  be 
very  dangerous. 

When  the  infiltration  has  finally  come  to  a  standstill,  the  ulcer 
enters  upon  its  regressive  stage.  The  tissue  that  has  been  destro3^ed  is 
cast  off,  that  which  has  not  been  destroyed  becomes  transparent  once 
more  from  resorption  of  the  exudate.  The  ulcer  ** cleanses"  itself 
(Fig*  81).     A  clean  ulcer  presents  a  smooth  base  and  edges  vnih.  üttlö 
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or  DO  opacity,  and  is  to  be  diagnosticated  chiefly  by  the  excavation  of 
I  the  siirface  of  the  cornea,  which  we  recognize  when  examining  the  cor- 
i  Deal  reflex.  In  proportion  as  the  ulcer  becomes  clean,  the  associated 
^B|rmptomfi  of  irritation  disappear. 

^V  After  the  ulcer  has  become  entirely  clean,  cicairizaiion  begins. 
^Vcssek  extend  from  the  nearest  portions  of  the  Umbus  to  the  ulcer, 
^Khich  latter,  in  consequence  of  becoming  filled  with  the  opaque  mass 
^Bl  the  cicatrix»  becomes  again  more  clouded,  hut  at  the  same  time  con- 
stantly shallower,  until  finally  it  reaches  the  level  of  the  adjacent 
normal  cornea.  Not  infrequently^  however,  the  new  formation  of  the 
cjcatncial  mass  comes  to  a  standstill  before  the  loss  of  substance  has 
be<?n  quite  filled  up,  so  that  the  surfuce  of  the  cicatrix  remains  perma- 
nentl}'  a  Uttle  sunken.  When  such  cicatrices  are  small  they  are,  on 
account  of  the  thinness  of  the  cicatricial  tissue,  almost  or  quite  transpa- 


i  JO,  SB. — KiCRAT»CTA»iA  PKODUcmi»  BT  KS  Ulccb.     MjiKaifi«d  Zo 


prvjtrutlin?  cicatrix   i.^  di«tin^i*he*i  by  \im  <len«er  tpxtiiro  from  the  adjaiH^nt 

.    Th«  f»pitU^lium,  r  over  it  1**  thiekeneHl»  wliile  Bowiaan'e  rnombrano,  h,  i.**  tVAfitiiij^. 

(  otb«r  Imod,  I>6»c«fiit;t'ii  immibraae,  d»  witJi  its  eiHthelium,  ia  everym-hftre  prewnt — a  prtxjf  that 


It,  and  disclose  their  presence  by  a  flattening  of  the  cornea  {corneal 
cci)^  only  discernible  upon  examination  of  the  corneal  reflex  (Figs.  86 
87).     On  the  other  hand,  cicatrices  not  infrequently  occur  which 
ct  above  the  level  of  the  surrounding  c(»rnea.    Such  are  the  cases  in 
I  the  cornea  on  the  floor  of  the  ulcer,  having  become  thinned,  does 
öt  oflfer  resistance  to  the  intra-ocular  pressure,  and  bulges  forrv^ard. 
bulging  may  disappear,  owing  to  the  contraction  of  the  cicatricial 
jue;  but  it  may  also  remain  permanently  {cdactic  cicatrix,  keratectasia* 
ex  ulcere,  Fig.  88).     The  formation  of  ectactic  cicatrices  is,  howover,  of 
auch  more  frequent   occurrence  after  perftjration  of  the  cornea. 

33*   Perforation  of  the  Cornea* — The  course  which  an  ulcer  takes 

more  cnmplieated  when  the  latter  perforates  the  cornea.     Per- 

itjon  takes  place  when  the  ulcer  has  penetrated  down  to  the  deepest 

of  the  cornea.     The  patient  suddenly  experiences  violent  pain, 

ad  feels  a  hot  liquid  (the  aqueous  humor)  gushing  out  of  the  eye,  after 


•  From  r^paf t  horn,  and  t^Tao-if,  d »tent ion.  from  *Kräivt%t^,  lo  stretch  oul. 
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which,  not  infrequently,  the  severe  pains  previously  existing  subside. 
Perforation  may  occur  spontaneously  or  in  consequence  of  a  sudden 
increase  of  the  intra-ocular  pressure,  such  as  may  be  caused  by  bocLily 
exertion  ^even,  for  example,  stooping),  or  by  jougtung,  sneezing,  squeez- 
ing together  of  the  lids,  crying  (in  children) , ^tc.  Tue  increase  in  intra- 
ocular pressure,  wnick  develops  under  these  circumstances  is  to  be 
referred  to  two  causes:  it  is  partly  a  result  of  the  increase  of  blood 
pressure  (from  the  straining  of  the  muscles,  and  also  from  congestion 
in  the  district  drained  by  the  superior  vena  cava),  partly  produced  by 
direct  compression  of  the  eyeball,  and  particularly  by  the  preääure 
which  the  ocular  muscles,  and  especially  the  orbicularis  palpebrarum, 
at  such  times  exert  upon  it.  The  perforation  produced  by  such  causes 
may  develop  with  violent  symptoms  and  entail  very  damaging  results. 

After  perforation  has  occurred  we  find  the  anterior  chamber  obliter- 
ated in  consequence  of  the  escape  of  the  aqueous  humor;  the  iris  and,  in 
the  region  of  the  P}ipil.  the  lens  also  are  applied  to  the  posterior  surface 
of  the  cornea.  If  the  aperture  made  by  the  perforation  is  of  suitable 
position  and  size,  we  see  lying  in  it  the  iris  which  has  been  swept  into 
the  wound  by  the  jet  of  escaping  aqueous.     The  eye  feels  quite  soft. 

Perforation  is  sometimes  preceded  by  a  keratocde'^.  For,  Descemet 's 
membrane  "being  distinguished  by  the  great  resistance  which,  in  com- 
parison with  the  corneal  lamellae,  it  offers  to  the  inflammatory  process, 
it  often  happens  that  the  stroma  of  the  cornea  is  destroyed  throughout 
its  entire  thickness  by  suppuration,  while  Descemet's  membrane  still 
remains  resistant.  In  that  case  it  is  protruded  by  the  intra-ocular 
pressure  under  the  form  of  a  transparent  vesicle  which  is  visible  upon 
the  floor  of  the  ulcer,  or  which  may  even  project  above  the  level  of  the 
adjacent  cornea  (keratocele  or  descemetocele).  When  this  vesicle,  too, 
ruptures,  the  perforation  becomes  complete.  Sometimes  the  ulcer  heals 
without  the  keratocele  either  rupturing  or  being  flattened  out.  The 
latter  then  remains  permanently  under  the  form  of  a  vesicle  which  pro- 
jects above  the  surface  of  the  cornea,  and  which,  itself  transparent,  is 
surrounded  by  a  cloudy,  cicatricial  ring. 

The  direct  effect  of  a  perforation  upon  the  course  of  the  disease  is 
for  the  most  part  favorable,  inasmuch  as  not  only  the  pain  and  the 
other  symptoms  of  irritation  abate,  but  the  progress  of  the  ulcer  also 
is,  as  a  rule,  arrested,  and  the  ulcer  rapidly  becomes  clean.  (See  page  13). 
[On  the  other  hand,  perforation  mav  produce  disastrous  immediate  effects, 
such  as  dislocation  and  expulsion  of  the  lens  and  intra-ocular  hfimorrhAcrp. 
and,  oftener  stLlL  remote  ill  effects  (flattening,  ectasia,  and  fistula  of  the 
cornea,  glaucopa.  intra-ocular  suppurationj.     See  pages  239,  240.— D.] 

I'he  method  in  which  the  perforation  in  the  cornea  closes  again  varies 
according  as  it  is  placed  in  front  of  the  iris  or  the  pupil.    If  the  opening 

The  method  in  which  the  perforation  in  the  cornea  closes  again 
\  varies  according  as  it  is  placed  in  front  of  the  iris  or  the  pupil.  If  the 
I   opening  is  found  in  front  of  the  iris,  as  is  generally  the  case,  it  is  quickly 


■  From  «<pa«,  lioni,  and  «»7A17,  hernia. 
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covered  by  the  iris,  which,  after  the  escape  of  the  aqueoiis  humor,  is 
driven  forward  as  far  as  the  cornea.  In  this  way  it  becomes  possible 
for  the  anterior  chamber  to  be  re^^tored  within  a  very  short  time,  al- 
though, to  be  sure,  the  iris  at  the  site  of  the  perforation  remains  per- 
nuLnentlv  connected  with  the  cor- 


If  the   perforation  k  quite 
small,  the  ins  ^imnlv  applies  itself 

Ijy  »itüi.vrpnt       T |i  case, 


tu 


eomes 


honne ver,  the  perforating]  is  [f|rgf^.r 
the  int^.  a^  a  rule.  \ä  ^jrivf  fl  '"'^'^  ^* 
by  the  escapioir  :iunfM>iis  [^iiirnnr 
and    thus   a    imAattsr    c^r   ^ffyj^Jfl   f^f 


edTF 


Fio.  86, — Pahtial  Prolapss  or  tbx  Ijus 

CSc  hematic). 


The  m*<,  i^hich  i^  tUickt^ned  by  tlie  proeeiSB  of 
iufiltriirion^  aii>j  i«  covered  on  it«  anterior  and 
pw^tcrior  ^urfaty  by  tht?  exutiatc,  r,  ei,  ri**«»  up 
bctvireefi  the  ^harp  «Nlj$«*t4  of  the  rtmrffiri»  of  tliu 
p*»rforalifH!i,  which  arp  utitl  irililtratM.  iVTHihi» 
roily  from  the  prolapse  ihe  irid  i»  approximAt«<J 
to  the  com«».  flithmiKh  here  «  remiuwt,  r,  ^  lb« 


anterior  ehamber  «tiU  exist». 


I  c 


the  iris  is  prodnrp«!  (Fig.  SU).  This 
18  represented  by  a  hemispherical 
prominence  which,  while  recent, 
has  the  gray  or  brown  color  of  the 
iris,  Sooui  however»  this  color  is 
ebanged  because  of  a  layer  of  gray 
exudation  (^,  Fig,  S9)  which  covers 

the  prolapse  like  a  cap»  and  may  be  removed  with  a  forceps.     When  the 

ipsed  portion  uf  the  iris  is  much  stretched,  the  proper  color  of  the 

1-  lost  and  the  prolapse  looks  black,  becauxse  of  the  retinal  pigment 

I     OD  itÄ  posterior  surface»  which   appears  through  the  thinned  stroma. 


in  large  prolapses  of  the  iris.    The 

extent  of  the  prolapse  of  the  iris  is 

proportional,  first  of  all,  to  the  size 

of  the  perforation.      In  the  worst 

cases  the  perforation  may  comprise 

I       r^  -y^  ^  >5F      the  whole  cornea,  which  has  sup- 

I  ^^v^        ^.y^  purated  throughout;   in  that  case 

I  fiis.  SKI.— TiiTAL  Pkoi.ai«k  or  riir.  taw  the  iHs  prolapscs  through  its  entire 

I        ^,    .,  ?    nt.M\rich  extent   (total   prolapse  of  the  iris, 

^B^  prr  -♦■  are  lit  ill  pariiaiiv  »«HI-      Fig.  90).     The  pupil  is  then  gener- 

^^^MMll  hnlire«4  the  iri»,  whiclk   im  hi  i  it  r  i 

^■Evrt,  u..r  which  conwqucnily     allv  clo,sed  Up  bv  a  plug  ivl  exuda- 

the  prolapse  occurs  has  also  an 
influence  upon  its  sixe.  If  the 
perforation  takes  place  with  great 
force  (e.  g,,  while  the  patient  is 
straining  hard)»  or  if  the  patient 
behaves  in  a  restless  manner  after  it  has  taken  place,  a  relatively 
larger  portion  of  the  iris  will  be  driven  into  the  perforation. 

The  cicatrization  of  a  corneal  ulcer»  which  is  associated  with  a  Pro- 
lapse of  the  iris,  occurs  in  the  following  manner,  if  the  prolapse  is  left 


fiis.  SKI.— TiTTAL  Pko(.ai«k  or  Tiir*  taw 
(StiiitMATirK 
Otäy   ihr  nuiririnal    porttonü,  c,  of  the  eorneii 
1  prr  •  -♦■  are  utill  paniiillv  »«fil- 

hnlire««  fht*  iri».  whicti    in 
u..t  which  conwqucmlly 
lit,  i\  upon  it»  pcMto- 
r  and  Ktve»  the  pro- 

liM  ipil.  fK  i«*  cloned  by 

»  vuti  with  a  tbm 

hy^r  ^  lire  iru>.    The 

nor.  11-  i'*  tbe  en- 

mtw^  I  "^  cbam- 

b«r  canl  ic«^  V.  ia 

l«rt.    Ti.  ■     ':■■  ■  'ierewilh 

tap  ponUnut  chiiniber  lAecliüijiü  pupilLi-^ 


238 


TEXT-BOOK  OF  OPHTHALMOLOGY. 


I 


i 


to  itself:  The  prolapsed  iris  in  the  fii-st  place  becomes  solidly  aggluti- 
nated to  the  walls  of  the  opening  caused  b}^  the  rupture,  and  wherever 
it  is  exposed  it  is  converted  by  inflammation  into  a  sort  of  granulating 
t issuer  so  that  the  prolapse  soon  loses  the  color  of  the  iris  and  becomes 
grajash-red.  Subsequently  there  develops  from  the  proUferating  tissue- 
of  the  iris  cicatricial  tissue,  which  first  becomes  visible  under  the  form 
of  isolated  gray  bands.  By  the  contraction  of  these  latter,  constrictions 
are  formed  upon  the  surface  of  the  prolapse.  As  the  formation  of  the 
cicatrix  proceeds,  these  bands  become  broader,  fuse  together,  and  render 
the  prolapse  constantly  flatter  and  flatter.  Hence  in  favorable  cases 
the  process  terminates  in  the  formation  of  a  flat  cicatrix  situated  at  the 
level  of  the  rest  of  the  cornea,  and  at  the  site  formerly  occupied  by  the 
bulging  prolapse.     This  cicatrix  being  mainly  a  portion  of  iris  that  haa 


VuU 


ft,u*^ 


Fie,  9L — Scar  attkr  Febforatios  of  a  MxRcncAL  Ulct:«  tumh  i^v*  li  sms  .»p  the  Im».  Th_ 
?icnr  1*1.  (»itiiated  very  peripherally,  part  J  y  in  fact  iu  ihf  r^clera.  a  f  hi  tiR  which  rati  hupp4?Ti  only  a:«  the  re-l 
Bult  of  ulc«?r«  due  to  conjunct i vi li?«  ecÄ^matosa.  The  dark  ceutral  ptjrtion  of  the  -tear  eorref.ponds  lo  th«J 
incsroerated  iri»^  the  white  margin  to  \\w.  Rolid  scar-tissue  lying  bptwccn  the  \x\%  and  the  border  ofi 
the  formffl' perforation  ap^irlure.  The  pupil  is  p<»ar-fthjipe<J,  with  it*  p<>inte<t  end  lii^placieKt  towani  thiil 
«ear,  and  corre^pe.iiiding  to  this  the  iris  op  the  opposite  sid«  is  put  on  thi?  stretch.  Conji«qu«ntly«  th«r^ 
ptipitlary  *one  and  the  ciliary  lone  arc  broailetied»  and  furthermore  the  lone  of  peripheral  cr>T?t5.  which 
otherwijM?  wouhi  te  concealed  behind  the  limbu«.  beooraes  visible  under  the  fori 


that  portion  of  the  periphery  of  the  iris  opposit«  the  i 


form  of  a  dark  At  ripe  at 
t  portion  ot  the  peripnery  ol  tlie  ins  opposit«  truj  soar, 
Fm,  02. — Scam  Without  IBJtLüello^f  of  tbe  Iris»  Here  there  was  also  an  eefcematous  ulc«r  which 
had  perforated.  The  prolapNsd  iriw  hoiJ  been  «ixci>*ed  in  the  proper  way.  Con.'Mfquently,  it  is  no  longer 
ctjnnectecl  with  the  scar«  but  over  an  area  corre^ipoudinii;  U\  the  «icar  ^how»  a  ooloboma.  The  pupil 
is  perraanently  dilated  becaune  of  the  gap  made  in  the  sphincter  pupil  la? 


thefl 


become  cicatricial,  it  follo%vs  that  the  remainder  of  the  iris  still  Ijnng 
in  the  anterior  chamber  is  soHdly  united  to  it.    Sucli  an  adhesion  of 
iris  to  a  corneal  cicatrix  is  called  an  anterior  s^neckia,^ 

Owing  to  the  fact  that  the  iris  is  drawn  forward  to  the  scar,  the  ' 
pupil  loses  its  round  ishape  and  is  drawn  in  toward  the  site  of  the  adhe- 
sion.   To  what  extent  this  is  the  case  depends  upon  where  the  perfora- 
tion is  situated  and  what  part  of  the  iris  is  prolapsed.     In  peripherally^ 
situated  ulcers  the  pupil  is  drawn  strongly  toward  the  site  of  the  per^| 
ft  »ration;  it  has  tho  shape  of  a  pear,  the  tapering  end  of  wdiich  is  tlireeted 
toward  the  site  of  the  synechia  (Fig-  91).     If,  however,,  the  perforation 
is  situated  near  the  center  of  the  cornea  (as  in  Fig.  89),  the  pupillary  por* 
tion  of  the  iris  becomes  engaged  in  it  in  healing  and  in  this  case  the  dis-  — 
tortion  of  the  pupil  is  slight,  or  entirely  absent.     If  the  perforation  is  sofl 


*  Froinirw»^Jt**^  tn  connact.    The  t«rm  («uooma  adherene  (frorn  Arwc^»  whiia)  b  aliio  employed 
to  d^inote  a  cteatrix  of  the  cornea  with  &Dterior  synechia. 
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lange  that  the  entire  pupillary  margin  of  the  iris  i8  involverl  in  the  pro- 
lapse ami  becomes  attached  to  the  cornea  in  healing»  the  pupil  ig  perma- 
nently rloded  by  the  cicatrix  that  is  formed  (Figs.  122  and  123);  there  are 
pfodueed  occlusio  and  seclusio  pupilia?»  together  with  their  destructive 
ecmsequenees. 

In  the  healing  of  large  perforation  ulcers^of  the  cornea,  the  ghriqk- 
ing  of  th^e  cicatricial  tifc^ue  is  of  ten  ;sq  greaT  that  the  corneal  ci^^atrix 
appears  fiat tencd  when  compared  with  the  normal  curvature  of  the 
ccirnea.  This  flattening^  moreover,  may  extend  beyond  the  cicatricial 
spot  to  the  portion  of  the  cornea  which  is  still  traasparent,  and  then 
the  eomea  as  a  whole  becomes  flatter  (applanalio  cor  ma),  li  the  cornea 
has  been  entirely  destroyed  by  suppuration,  so  that  a  total  prolapse  of 
the  iris  has  developed,  the  latter  ultimately  becomes  reduced  to  a  small 
mud  perfectly  flat  cicatrix,  which  takes  the  place  of  the  cornea  {phthisis 
eomecE).  The  distinction  between  applanatio  and  phthisis  of  the  cornea 
ta  aa  follows:  In  the  former  the  cornea  is  still  present,  although  it  is  in 
pÄit  cicatricial,  and  thus  as  a  whole  is  flattened.  In  the  latter,  on  the 
other  hand, , nothing  of  the  cornea  is  left  except  a  very  narrow  marginal 
rim*  which  generally  withstands  the  destructive  process  of  ulceration. 
The  flat  scar  which  takes  the  place  of  the  cornea  is,  in  this  case,  the 
eiPtttrized  iris. 

The  healing  of  a  prolapse  of  the  iris  with  the  jonnaiion  of  a  flat 
cicatrix  must  be  regarded,  even  though  the  latter  is  opaque,  as  a  com- 
paratively favorable  outcome  of  a  large  corneal  perforation.  Such  an 
eye,  c>f  course,  is  seriously  affected,  so  far  as  its  function  is  concerned, 
but  yet  after  the  process  has  run  its  course,  it  remains  in  a  state  of 
quiescence,  and  generally  causes  its  owner  no  further  trouble.  The  case 
is  different  when  healing  takes  place  with  the  formation  of  an  ectatic 
cicatrix.  This  occurs  in  the  following  manner:  The  prolapsed  iris  be- 
r  'vered_with  cicatricial  tissue,  but  this  is  not  strong  etroSh  to 

t  flattening  of  the  proiiiT)se.     Hence  tlie  latter  UH-omcs_r()nsoli» 

dnte<i^n  its  original  Torni  iis  a  protrusion7and  is  runvertc'd  into,  an 
ectatic  cic^iirix  witli^inclusion  of  tlie  iris  (staBhulomaxorn€^)7  \  larKe- 
rixecl  perforation-opening  and  restlessness  on  the  part  of  the  patient 
favor  the  formation  of  such  an  ectasis.  Whenever  a  prolapse  of  the 
iris  has  become  so  extensive  that  it  is  constricted  by  the  margin  of  the 
perforation  (or  hernial  orifice),  and  hence  has  acquired  a  mushroom 
shape,  the  formation  of  a  flat  cicatrix,  without  artificial  aid,  becomes 
altogether  impossible. 

If  the  perforation  in  the  cornea  is  not  in  front  of  the  iris,  but  lies 
ill  the  region  of  the  pupil,  it  can  not  be  covered  by  the  iris.  Its  occlu- 
sion in  this  instance  takes  place  more  slowly  by  an  outgrowth  of  new- 
formed  tissue  (cicatricial  tissue)  from  the  margins  of  the  opening,  until 
the  opening  is  filled  up.  In  such  a  case  the  anterior  chamber  remains 
absent  for  a  somewhat  longer  time,  and  meanwhile  the  lens  is  in  con- 
tact with  the  posterior  opening  in  the  cornea.    The  lens  may  bear  away 


240  TEXT-BOOK  OF  OPHTHALMOLOGY. 

permanent  marks  of  this  contact,  most  frequently  in  the  form  of  a  cir- 
cumscribed opacity  at  its  anterior  pole  (anterior  capsular  cataract;  see 
§  89).  Sometimes  the  perforation  does  not  close  completely  by  cicatri- 
zation, so  that  a  minute  aperture  remains  permanently  (fistula  of  the 
cornea).  This  appears  under  the  guise  of  a  small  dark  point,  surrounded 
by  opaque,  whitish  cicatricial  tissue;  the  anterior  chamber  is  absent, 
the  eye  is  soft.  If  the  fistula  of  the  cornea  persists  for  a  long  time,  the 
eye  gradually  perishes.  The  cornea  flattens  out,  the  eye  grows  softer 
and  softer,  and  at  length  goes  blind  from  detachment  of  the  retina. 
On  the  other  hand,  as  soon  as  the  fistula  closes  up,  an  increase  of 
tension  is  apt  to  set  in,  that  may  lead  to  a  renewed  rupture  of  the 
occluding  substance,  which  is  still  but  slightly  resistant.  An  alterna- 
tion of  tMs  sort  between  an  open  fistula  with  softness  of  the  eyeball, 
gradual  closure  of  the  fistula,  and  a  consequent  steady  increase  ot'^i-es- 
sure  until  the  cicatrix  ruptures  anew,  may  be  repeated  tor  a  lon^  Time, 
until  finally  a-  severe  infla.mmftt.ion  or  an  intra-ocular  hemorrhage 
jutyjj^  occurs,  which  leads  to  the  atrophy  of  the  eye,  and  thus  puts  an  end  to 
•^^•^  tliTprocess. 

Other  bad  consequences  of  perforation  of  the  cornea,  which  are 
sometimes  observed,  are: 

(a)  Luxation  of  the  Lens. — After  the  escape  of  the  aqueous  humor, 
the  lens,  to  reach  the  cornea,  must  be  pushed  forward  through  the  entire 
depth  of  the  anterior  chamber  (2.5  mm.),  a  movement  associated  with  a 
considerable  degree  of  stretching  of  the  zonula  of  Zinn.  K  the  forward 
movement  takes  place  very  suddenly,  or  if  the  fibers  of  the  zonula  have 
been  rendered  fragile  by  disease,  the  zonula  ruptures.  In  consequence 
the  lens  may  become  tilted,  or,  if  the  perforation  is  large  enough  may 
even  be  expelled  from  the  eye. 

(6)  Intra-ocular  hemorrhages  are  the  result  of  the  rapid  diminu- 
tion in  tension,  by  virtue  of  which  an  increased  quantity  of  blood  flows 
into  the  vessels  of  the  interior  of  the  eye,  which  have  been  thus  sud- 
denly relieved  of  external  pressure,  and  causes  their  rupture.  Hena^ 
orrhage  takes  place  if  the  perforation  occurs  verv  suddenly,  or  if  t}ie 
ey^^SJßESnd  was  under  an  abnormally  high  tension.  The  latter  is 
the  case  in  glaucomatous  and  staphylomatous  eyes,  in  which,  further- 
more,  there  is  generally  also  a  degeneration  of  the  vessels  associated 
with  an  increased  fragility  of  their  walls.  The  hemorrhage  may  be  so 
great  that  the  entire  contents  of  the  eyeball  are  extruded  by  reason 
of  it;  nay,  more,  the  patient  may  almost  be  in  danger  of  bleeding 
to  death. 

(c)  Suppuration  starting  from  the  cornea  may  be  carried  over  into 
the  deeper  parts  of  the  eye  and  lead  to  the  destruction  of  the  latter 
by  severe  irido-cyclitiSy  or  even  by  panophthalmitis.  This  occurs  mainly 
in  the  case  of  extensive  destruction  of  the  cornea,  especially  if,  at  the 
same  time,  the  suppuration  is  of  a  particularly  virulent  character,  as  in 
gonorrhoea!  conjunctivitis  or  in  ulcus  serpens. 
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The  Clearing  of  Corneal  Cicatrices.  ^After  a  long  time  has  elapsed 
ttis  or  years,  that  is— the  cicatrix  left  by  an  ulcer  appears 
large  and  less  opaque  than  it  was  directly  after  the  heahiig  of  the 
ulcer  was  completed;  the  cicatrix  has  partiuUy  "cleared  up/*  In  this 
way  quite  small  cicatrices  may  becoaie  altogether  invisible.  The  extent 
which  clearing  takes  place  depends  principally  upon  two  circum- 
nce»:  upon  the  thickness  of  the  cicatricial  tissue  and  upon  the  age  of 
the  iDdividuah  The  deeper  the  cicatrix  penetrates  into  the  cornea,  the 
less  it  clears  up;  perforating  cicatrices  of  the  cornea,  if  they  are  ever  so 
dtnall,  remain  permanently  opaque.  (A  fine  example  of  this  is  afforded 
by  the  punctures  which  the  discission  needle  make^,  and  which  remain 
visible  as  gray  points  upon  the  cornea  all  during  life,)  The  age  of  the 
iadlvidual  influences  the  process  of  clearing,  in  that  the  latter  makes 
greater  advances  the  younger  the  patient  is,  For  this  reason  cicatrices 
after  ophthalmia  neonatorum  often  clear  up  in  a  wonderful  way. 

34.  Etiology.— With  reference  to  their  etiology,  all  inflammations 
of  the  cornea  may  be  divided  into  two  great  groups;  primary  and  sec- 
ondary keratJtides.  By  the  former,  we  understand  those  which  have 
their  starting  point  in  the  cornea  itself;  by  the  latter,  on  the  contrary, 
those  which  have  passed  over  to  the  cornea  from  other  structures,  and 
most  frequently  from  the  conjunctiva.  This  distinction,  true  with  re- 
gard to  keratitis  in  general,  is  especially  so  with  respect  to  ulcers  of  the 
«oniea. 

Primary  ulcers  of  the  cornea  most  frequently  owe  their  develop- 
ment to  traumatism.  Under  this  head  belong  not  only  injuries  in  the 
narrciw*er  sense  of  the  word,  but  also  a  lesion  of  the  cornea  by  means 
of  small  foreign  bodies,  by  faultih^  placed  cilia,  by  papillary  growths 
on  the  free  border  of  the  lids,  etc.  Ulcers,  furthermore,  develop  after 
-epnration  of  Ci^chars  produced  by  burns  or  the  action  of  caustics, 
T  ulcers  are  dependent  upon  a  disturltance  in  the  nutrition  of  the 
cornea*  a^  the  ulcers  in  eyes  with  absolute  glaucoma  where  the  cornea 
has  become  insensitive,  or  ulcers  which  develop  in  old  cicatrices  of  the 
cornea  (atheromatous  ulcers). 

Secontlarif  ulcers  are  the  results  of  an  affection  of  the  conjimctiva. 
AH  inflammations  of  the  conjunctiva  may  be  complicated  with  inflam- 
tion  of  the  cornea;  and  in  severe  inflammations  of  the  conjunctiva, 
ID  gonorrha*al  Ci>njuncti\4tis  and  diphtheria,  this  is  quite  the  rule. 
In  accordance  with  our  present  views  regarding  suppuration  we 
iU»t  expect  to  find  that  in  the  majority  of  cases  the  direct  cause  of 
e  form« t ion  of  ulcers  in  the  cornea  is  constituted  by  the  entrance  of 
micro-organisms  into  the  corneal  tissues.  Micro-organisms  are  found 
very  frequently  in  the  secretion  of  the  diseased  and  even  of  the  normal 
eonjunctiv*a*  If,  now,  owing  to  slight  traumatism,  to  detachment  of 
the  epithelium  by  the  formation  of  a  vesicle  (in  herpes  corneae),  or  to 
other  cause,  the  protective  epithelial  covering  of  the  cornea  is  in- 
d  at  some  spot,  the  door  is  opened  for  the  entrance  of  bacteria 
1Ö 
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into  the  tissue  of  the  cornea.  In  people  of  the  working  class  ulcers  of 
the  cornea  occur  much  more  frequently  than  among  the  well-to-do 
classes,  because  they  very  often  suffer  from  neglected  chronic  catarrhs, 
and  at  the  same  time  very  frequently  render  themselves  liable  to  in- 
juries of  the  cornea. 

Treatment. — Ulcers  of  the  cornea  are  very  amenable  to  proper 
and  energetic  treatment.  They  hence  in  general  afford  a  favorable  prog- 
nosis if  they  come  under  treatment  early;  in  the  great  majority  of  cases 
it  is  possible  to  put  a  stop  to  their  progress,  and  produce  regular  cica- 
trization. The  treatment  varies  according  to  the  stage  in  which  the 
ulcer  comes  under  treatment. 

(o)  Recent  ulcers  that  are  still  foid  (progressive)  require,  most  of 
all,  the  consideration  of  the  causal  indication.  In  traumatic  ulcers 
any  foreign  bodies  that  are  still  present  must  in  every  case  be  removed. 
CiUa  which  are  directed  against  the  cornea  must  be  epilated;  papillo- 
mata  of  the  edges  of  the  lids,  when  causing  trouble  in  the  cornea,  must 
be  removed.  In  the  numerous  cases  in  which  the  ulcer  of  the  cornea 
is  caused  by  a  conjunctival  lesion,  the  treatment  of  the  latter  forms,  as 
a  rule,  the  most  important  part  of  our  therapeutics,  and  under  it,  more- 
over, the  ulcer  advances  toward  recovery.  Hence,  in  corneal  ulcers 
resulting  from  catarrh,  trachoma,  or  gonorrhoeal  inflammation  of  the 
conjunctiva,  we  must  by  no  means  desist  from  cauterization  of  the 
latter,  if  it  is  required  by  the  conjunctival  trouble.  The  only  precau- 
tion that  must  be  observed  is  that  the  caustics  applied  should  not 
come  into  contact  with  the  cornea  itself — a  contingency  which  can  be 
avoided  by  carefully  washing  off  from  the  conjunctiva  any  excess  that 
may  be  present.  Furthermore,  we  should  cauterize  with  the  silver  solu- 
tion only,  and  not  with  the  copper  stick,  which  is  too  irritating,  and  still 
less  with  the  acetate  of  lead,  which  would  lead  to  the  formation  of  in- 
crustations of  lead  upon  the  cornea.  Moreover,  as  long  as  progressive 
ulcers  are  present  in  the  cornea,  no  irritating  coll5rria,  such  as  the  col- 
lyrium  adstringens  luteum  and  the  like,  should  be  instilled,  as  they 
would  then  come  into  contact  with  the  cornea. 

The  indicatio  morbi  requires  in  most  cases  the  application  of  a  pro- 
tective dressing  (see  page  52).  This,  as  a  rule,  is  to  be  kept  on  until  the 
ulcer  gets  clean  and  becomes  lined  with  an  epithelial  covering  which  pro- 
tects the  cornea  against  exterior  influences.  When  the  floor  of  the  ulcer 
is  thinned  and  shows  a  tendency  to  bulge,  a  pre^ssure  dressing  must  be 
applied  and  kept  up  until  the  freshly  formed  cicatrix  is  sufficiently  strong 
to  offer  resistance  to  the  intra-ocular  pressure. 

A  contraindication  against  the  bandage  is  furnished  by  a  profuse 
secretion,  because  the  latter  would  be  retained  in  the  conjunctival  sac 
by  the  closure  of  the  lids,  and  would  remain  in  constant  contact  with  the 
ulcer.  For  this  reason,  in  ulcers  resulting  from  conjunctivitis  the  band- 
age must  be  very  often  dispensed  with.  In  quite  small  children,  also, 
llie  bandage  is  generally  useless,  since  it  soon  gets   displaced;  and  a 
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badly  applied  bandage  is  more  hurtful  than  any  exposure  of  the  eye 
could  be. 

Next  to  the  bandage  airopine  plays  the  most  important  part  in  the 
treatment  of  ulcers.  It  combat^i  the  inflammation  of  the  iris,  lienee  dimin- 
ii?hes  the  general  state  of  irritation,  and  so  reacts  favorably  upon  the 
ulcjer  itself.  It  must  be  instilleii  a^  often  as  is  necessary,  in  order  to  keep 
the  pupil  steadily  dilated. 

With  these  two  remedies  alone — the  bandage  and  atropine — we  attain 
our  object  in  mild  eases.  For  those  ulcers,  however,  which  from  the  pur- 
ulent hue  or  from  the  strong  infiltration  of  their  surrounding  parts  show  a 
rapidly  jfrogressive  character,  we  must  employ  still  other  remedies.  These 
are  moist  warm  compresses,  iodoform,  subconjunctival  injections,  the 
actual  cauter>%  and  paracentesis  of  the  cornea. 

Moist  hot  compresses  (see  page  54)  are  applied  every  day  for  an 
hour  or  more,  and  the  dressing  must  be  left  ofT  each  time  for  the  same 
period. 

Ver^'  finely  powdered  iodoform  may  be  sprinkled  upon  the  ulcer  itself, 

Siibconjundival  injeclions  (see  page  63)  of  a  l-tiv  1,(300  sulilimate 
solution  or  a  lO-per-cent  salt  solution  may  be  made  l>eneath  the  bulbar 
conjunctiva. 

If  in  epite  of  these  reme<lies  the  ulcer  is  evidently  spreading,  we  must 
proceed  to  the  operation  of  cauierizhig  the  ulcer  hx  means  of  the  actual 
cautery  (Gayet).  For  this  purpose  we  use  a  small  sharp-pointed  cautery 
iron,  or  the  galvano-cautery  loop,  or  Pac|uelin's  thermo-cauter>^  With 
one  of  these  instruments  the  ulcer  is  cauterized  wherever  it  shows  a  gray 
coating.  In  the  case  of  extensive  ulcers  it  is  not  necessary  to  cauterize 
the  entire  ulcerating  surface,  but  it  is  sufficient  to  destroy  the  most  in- 
filtrated portion  of  its  margin,  at  which  an  advance  of  the  ulcerative 
process  is  to  be  expected.  In  performing  the  cauterization  we  make  the 
cornea  insensitive  by  the  repeated  instillation  of  a  5-per-cent  solution  of 
cocaixie  hydrochloride. 

Another  potent  remedy  for  combating  rapidly  spreading  ulcers  ia 
pamcerUesis  of  the  anterior  chaml>er  (for  the  method  of  its  performance 
tee  the  section  on  Operations,  §  155).  PtH>ple  were  letl  to  do  this  opera- 
tion l>y  observing  that  ulcers  after  sponttuieous  perforation  generally 
went  on  to  rapid  healing  (page  13).  In  a  similar  manner,  artificial  perfora- 
ttOD — i.  e.,  puncture  of  the  cornea-^performed  early  prevents  the  exten- 
sion of  the  ulcer  and  it,s  threatened  rupture.  Why  should  we  not  wait 
until  the  ulcer  spontaneously  perforates  the  cornea?  Because  in  the  mean- 
time the  ulcer  keeps  enlarging  superficially  and  thus  wouki  produce  a 
more  extensive  opacity,  and,  furthermore,  l»ecause  after  ulcerative  per- 
foration of  the  cornea  a  prolapse  of  the  iris  almost  always  develops»  lead- 
ing to  the  formation  of  an  anterior  synechia,  while  with  a  properly  per- 
fornuHl  puncture  this  is  not  the  case. 

If  perforation  is  imminent,  and  we  prefer  not  to  bring  it  about 
artificially  by  puncture,  we  take  care  to  have  the  patient  kept  quiet — ^a 
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thing  best  done  by  making  him  lie  in  bed,  in  order  that  the  perforation 
may  take  place  gradually,  and  that  as  little  as  possible  of  the  iris  may 
be  driven  into  the  opening. 

(6)  Whftn  nfirfnraf.inn  of  thft  mmfta  h5LS  taken  place  treatment  has 

ill 


to  aim  at  tb^  ^f]|ln"""n  ^^j^^°'  in  tHp  fjr«f  plopp  that  thp  in«  ah^g^  not 
adhere  to  ^t^^  ^^prnpR.  or  at  least  shall  do  so  to  the  smallest  possible  extent; 
in  the  seconc^  place,  that  a  firm  and  fl^t  (not  ect^ticj  cicatnx  snail  be 
fnr^fid.    The  two  objects  are  attained  as  follows:  ^ 

1.  If  the  perforation  is  quite  small  the  iris  does  not  prolapse  into 
it,  but  simply  becomes  applied  to  its  posterior  orifice.  In  such  cases, 
rest,  a  bandage,  and  atropine  suffice  for  the  treatment.  There  then  re- 
mains only  a  punctiform  adhesion  of  the  iris  to  the  corneal  cicatrix,  and 
this  is  often  subsequently  drawn  out  into  a  thin  filament.  In  particularly 
favorable  cases  no  anterior  synechia  at  all  may  be  produced;  for  instance, 
if  the  iris,  before  it  has  become  firmly  adherent  to  the  site  of  perforation, 
is  pushed  away  from  it  again  by  the  reaccumulating  aqueous. 

2.  If — in  the  case  of  a  perforation  of  greater  size — the  iris  has  pro- 
lapsed, it  should  be  excised.  A  replacement  of  the  iris  into  the  anterior 
chamber  (reposition)  in  most  cases  would  be  impossible  of  performance, 
and  even  if  it  should  succeed,  would  have  no  lasting  results,  since  the  iris 
would  continually  prolapse  again.  For  the  performance  of  excision  we 
first  make  the  cornea  insensitive  by  means  of  cocaine.  Then  with  a  sharp- 
pointed  instrument  (conical  sound)  we  separate  on  all  sides  the  adhesions 
of  the  prolapse  to  the  perforation  opening,  draw  the  iris  as  far  as  possible 
out  of  the  wound  with  the  forceps,  and  snip  it  off  close  to  the  cornea  (Leber). 
If  the  iris  still  projects  anywhere  into  the  opening,  it  must  be  freed  with  a 
spatula  and  pushed  back  into  the  anterior  chamber.  If  the  operation  has 
been  successful,  the  iris  ought  no  longer  to  be  attached  anywhere  to  the 
margin  of  the  aperture;  on  the  contrary,  there  should  be  a  coloboma  of  the 
iris  (Fig.  92)  with  free  pillars,  as  after  a  regular  iridectomy.  In  this  way 
we  obtain  a  firm  cicatrix  without  inclusion  of  the  iris. 

The  performance  of  excision  is  possible  only  in  recent  prolapses  (pro- 
lapses a  few  days  old),  as  afterward  the  prolapsed  iris  becomes  so  solidly 
adherent  to  the  margins  of  the  perforation  that  the  separation  of  the  iris 
from  the  latter  is'  no  longer  feasible.  Similarly  it  is  not  to  be  recom- 
mended in  the  case  of  a  very  large  perforation.    In  these  two  cases — i.  e., 

3.  In  old  or  very  extensive  prolapses  of  the  iris  we  abstain  from  re- 
leasing the  iris  from  the  cornea;  we  confine  ourselves  to  the  attempt  to 
transform  the  prolapse  into  a  firm  and  flat  cicatrix.  In  many  cases  a 
pressure  bandage  applied  for  a  long  time  accomplishes  this  end.  If  we 
can  not  attain  our  object  in  this  way,  as  is  particularly  the  case  when  the 
prolapse  is  constricted  at  its  base  like  a  mushroom,  we  must  produce 
flattening  of  the  prolapse  by  repeatedly  puncturing  it  or  by  excising  a 
small  portion.  In  the  case  of  a  very  bulging  total  prolapse  of  the  iris,  it 
is  advisable  to  split  it  transversely,  and  then,  after  opening  the  anterior 
capsule,  to  expel  the  lens.    If  there  is  a  remnant  of  sound  cornea  left  broad 
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hnoußh  for  the  performance  of  an  iridectomy,  this  operation  is  an  excel- 
^i'nt  means  for  serurinR  tlie  format  km  of  a  flat  cicatrix. 

4*  In  kcraiücelr,  the  maintenance  of  vent,  the  api>licatiqn  of  a  band- 
f«l^,  and  uitimatiOy  the  puncture  or  cauterization  of  the  protruding  ves- 
icle, ar©  employed. 

5.  In  fi^tda  of  the  cornm,  in  order  to  effect  lis  closure,  everything 
must  lie  avoided  that  might  tennn>rarily  mcrease  the  ocular  teiision.  and 
thus  Torce  the  fistula  open  again  just  as  it  is  closing.  For  this  purpose 
we  orderrestinbed,  with  the  annhcation  of  a  light  bandage  to  both  i^yvs, 
while  at  the  same  time  we  instill  a  miotic  (es<>rinc  aj  tnloearimie)  in  order 
to  diminish  the  pressure  in  the  anterior  chamfier.  An  iridectomy  lias  a 
very  good  etTect,  but  this  can  kye  performed  only  when  the  anterior  chani- 
l*e*r  hu.^  lMH*n,  at  leixst  to  some  extent,  temi>orarily  restored.  If  these  meas- 
ures fail,  we  must  remove  the  cicatricial  nuirgins  of  the  fistula  either  by 
excising;  or  by  cauterizing  them  (with  a  bhmt  galvam>^autery  or  thermo- 
r  Mitery  |x>int)  so  as  to  fill  the  fistula  up  with  new,  firm  sear  tissue.  Here 
a^^^ain,  however,  if  we  are  going  to  Drrfom»  f'^iiili>j')j;gtion.  jherf^  musj;  lie 
mnw_  renmant ,  t^ven  thouuih  n  sfi:illnw  cme.  of  tlu^  anterior  cliamtjer  T>res- 
en^^ajs  otherwise  we  shjiulil  singe  the  antin-ior  surface  of  the  lens. 

(e)  The  treatment  of  ulcers  in  the  regressive  period,  or  period  of 
cicatrizaiwn,  should  aim  at  filling  the  loss  of  sul)stance  completely  with 
a  ri^iHtaiit  cicatrix,  anti  at  rendering  tlie  latter  as  transparent  as  possil>le. 
For  the  attainment  of  both  objects  irritants  are  employed.  We  Ijegin 
cautiously  with  the  weaker  remedies,  passing  gradually,  if  these  are  well 
l»urne>  to  the  stronger  *ht(»s.  One  of  tht*  mikh'st  of  irritants  is  powdered 
calomel;  more  energetic  is  the  act!<m  of  the  yellow-precipitate  ointment 
(from  1-  to  4-per  cent),  the  (»ollyrium  adstringens  luteum,^'  tinctura  opii 
crocaia»  and  dionin.  In  applying  the  yellow-precipitate  ointment,  we 
insert  it  into  the  conjunctivat  sac  with  a  brush  or  gla^  rod,  and  then  by 
rui>Viing  it  about  with  the  upper  lid  piTforni  a  sort  of  massage  upoo  the 
doudeii  cornea.  Another  irritant  n^medy  that  is  recommended  is  the 
application  of  hot  steam  (va|x»rization)  or  hot  air  (see  page  54),  It  is 
advisable  to  continue  the  application  of  these  irritants  for  a  long  time  in 
order  to  secure  the  great^i'st  possilile  clearing  up  of  the  cornea,  but  in  so 
doing  the  remedies  must  be  changed  from  time  to  time,  as  otherwise  the 
eye  gets  accustomed  to  them  and  they  lose  their  efficacy. 

riccpi  of  the  ooraea  are  among  the  most  frf^rjiifnt  affcotions  of  the  eyes,  tinti  npeeial 
ngniflctinee  attaches  to  them  tHHMUJsc»  ttie  opacitit's  that  they  leave  very  often  impair 
tJie  sight.  Ulcers  of  the  eomea,  if  we  exeept  those  n^r^ulting  from  nonjunetivitia  ecxema- 
iosii,  »re  found  much  mon^  frecjuently  in  a<luUs.  ami  esi>eeially  in  elderly  jwople,  than 
in  children,  It  s<*ems  that  in  the  later  years  of  life  the  cornea  \s  less  well  nourished,  and 
»  hence  more  di^ixjsetl  to  disinte^rate  than  in  youth. 

The  rrsiilta  of  bnrh^totogicjjl  ixiinnn'ifion  in  souK*  ca.^es  of  corneal  ulceration  are 
BeKzttive;  in  other  caaeö  we  find  the  siime  barteria  that  an*  familiar  to  ua  as  oerurring  in  , 
Ibe  eonjtmctival  sac.    This  ahoukl  not  surprise  us,  since  the  cornea  «ertainly  is  most  J 
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[nriiY-Arp^fpU  nr  the  ^niert  baciiliifl  of  Pgbit.  sometim^  aiao  bv  ft  l;>y*i11iifl  Hp^^hAd  by 
ir  JNeJden.    But,  these  conditions  apart^  the  bacterial  findings  in  the  case  of  corneal 
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ulcers  varies  very  greatly. 

The  physician  who  is  called  to  a  patient  with  an  ulcer  of  the  cornea  must,  after 
examining  the  eye,  have  acquainted  himself  not  only  with  the  diagnosis  but  also  the 
prognosis;  he  must  tell  the  patient  beforehand  to  what  extent  his  sight  will  suffer  per- 
manent impairment,  in  order  that  such  impairment  may  not  afterward  be  charged 
against  the  medical  treatment.  The  prognosis  for  vision  depends  upon  the  situation, 
the  extent,  and  the  density  of  the  opacity  which  the  ulcer  has  left  behind  it.  Small 
opacities,  even  when  dense,  are  generally  less  injurious  to  vision  than  those  which  are 
less  dense  but  extensive  (§  45).  It  is  hence  less  serious  for  an  ulcer  to  extend  into  the 
depth  of  the  tissues  than  upon  the  surface.  If  an  ulcer  is  progressing  in  the  direction 
of  the  center  of  the  cornea,  every  millimetre  of  advance  causes  additional  injury  to  the 
vision,  while  an  extension  toward  the  corneal  margin  is  almost  a  matter  of  indifference. 
No  further  disintegration  is  to  be  apprehended  at  those  portions  of  the  margin  of  the 
ulcer  to  which  vessels  have  already  penetrated,  and  so,  too,  a  portion  of  the  cornea, 
covered  by  pannus,  is  protected  against  suppuration  in  gonorrhceal  conjunctivitis.  In 
every  instance  the  ulcer  is  arrested  at  the  limbus,  as  it  never  makes  its  way  into  this  or 
into  the  adjacent  sclera.  The  only  exception  to  this  is  formed  by  those  ulcers  which 
not  infrequently  develop  from  the  nodules  of  conjunctivitis  eczematosa  situated  in  the 
limbus  (Figs.  91  and  92).  Even  extensive  suppuration  of  the  cornea,  as  in  gonorrhceal 
conjunctivitis,  ulcus  serpens,  etc.,  always  leaves  a  narrow  rim  of  cornea  intact,  which, 
to  be  sure,  is  often  not  of  sufficient  size  to  render  possible  an  iridectomy  for  the  restora- 
tion of  vision. 

[The  prognosis  and  course  of  keratitis  are  often  also  much  affected  by  the  patient's 
general  condition.  Some  forms  of  keratitis  are  due  directly  to  constitutional  causes, 
and  are  not  completely  or  at  least  rapidly  relieved  until  the  proper  constitutional  treat- 
ment is  applied.  Such  are  keratitis  dendritica  (page  248),  which  is  often  due  to 
malaria  and  requires  treatment  with  quinine;  the  marginal  ulcers  of  the  cornea  due  to 
the  uratic  diathesis  (page  248);  marantic  ulcers  (page  249),  and  keratomalacia  (§38). 
In  other  forms  of  keratitis,  not  so  directly  due  to  constitutional  causes,  the  depressed 
general  state  of  the  patient  often  affects  the  course  unfavorably  and,  unless  attended  to, 
may  lead  to  destructive  changes  in  the  cornea.  This  is  particularly  the  case  with  the 
ulceration  of  the  cornea  occurring  in  marasmic  infants  affected  with  ophthalmia 
neonatorum.  Here  ulceration  may  progress  in  spite  of  all  local  measures,  and  every 
effort  must  be  made  to  reinforce  the  patient's  resisting  power  by  general  treatment. 
Again,  many  believe  that  deficient  nerve  power  is  at  the  bottom  of  many  cases  of 
ulceration  following  vesicle  formation  (herpes  of  the  cornea,  recurrent  erosion;  see 
pages  268  and  288),  and  in  these  treatment  with  arsenic  and  quinine  has  been  advocated, 
finally,  in  some  intractable  forms  of  keratitis  relief  first  ensues  when  the  thyroid 
extract  is  administered  in  doses  of  0.20  to  0.30  gm.  (Radcliffe,  Risley). — D.] 

CJomeal  ulcers  occur  under  many  various  formSf  some  of  which  are  well  character- 
ised partly  by  their  etiology,  partly  by  their  aspect  and  course.  These  may  be  enu- 
merated as  follows: 

1,  Tn  mn^j^uifh'inh'ji  przpi^j^^Qfin  as  wcll  ES  in  Conjunctivitis  ex  t^cne  rosacaa.  we  find 
^m«n^  «ip^cial.  generally  marginal  ulcers,  which,  a^  a  rule,  get  well  rapidlv.     There 

ISwever,  cases  of  conjunctivitis  eczematosa  in  which  the  ulcers,  without  spreading 

r  the  surface,  keep  on  steadily  penetrating  deeper  and  deeper  until  abrupt  crater- 

'  I  loeees  of  substance  are  produced  which  speedily  perforate  the  cornea.    These 
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uloei«,  loo,  Are  commonly  situated  at  the  mftrgin  of  the  cornea,  and  hence  leave  behind 
those  pertpheral  incarcerations  of  the  iria  with  marked  displacement  of  the  pupil  that 
are  cfaAracteristic  of  a  conjunctivitis  eczematnea  which  ha^  run  its  course  (Fi^.  91), 

2,  The  voMruhr  Iühcicu^uü  (keratitis  fascicularia)  ia  likewiae  observed  in  Conjuncti- 
vitis ecieitytoga^  and  is  produced  by  an  ulcer  making  its  way  from  the  margin  o J  The 
oomea  fartSr  and  farther  into  the  latter,  anS  trailing  after  it  a  leash  of  vpaspU  f rfi|ii  t  h*» 
liß^tUil^CP'^eB  179). 

3,  Catarrhal  ulcers  are  characterized  by  their  crescentic  shape,  as  well  aa  by  their 
position  near  the  corneal  margin,  and  concentric  with  it. 

4,  In  pannus  trachomatosu9  amall  ulcers  frequently  occur^  which  develop  from  the 
infiltration  at  the  margin  of  the  pannus.  Sometimee  along  the  margin  of  the  pannua  a 
wholt;  scries  of  such  ulcers  is  found,  which  also  may  coalesce  into  one  large  crescentic 
ulmr.  Other  ulcers  develop  in  the  nudst  of  the  pann'js  in  spots  where  the  infiltration 
penetrates  more  deeply  into  the  c(jrnea  and  leads  to  ulcerative  disintegration. 

5,  Thf»  rrniy^l  fuyn-irntativf  ujpr  occurrin^^  ^n  tr^cj^pma  develops  generally  in  the_ 
<»nt^p  of  ^)ii'  f  t^fjir-a     It  us  distinguished  by  the  alxscnce  of  accompanying  s^Tiiptonis  of 
irritatioo,  bo  that  often  the  dinturbance  of  vieion  is  the  only  thing  that  calls  the  patient's 
attention  to  hia  trouble.    Objectively,  the  ulcer  is  distingmahed  by  the  fact  that  even 


Tm,  93. — FosMs  or  ÜLcm  that  Uivej-op  fbom  Hirpcs  FsBEtn.is  C«aNEjt 

A- — lj*fifjr  nt^  QtnrrK  SürititFirtAi.  iTf.rww.  The  central  gray  rinft  c?onr€flp()üdB  tia  ah  enrli«?  et«<e 
«f  llw  '  '  '     b  nnc«  then  bn»  n  '  '  -      -'-    to  the  inArKin  of  the  corneii. 

I^  ;hi  DiuvtiamCA^  >  -urge  brauchet]  ulc«r  liea  a  group  of  delicate  ixuaute 

OifeiexiL'  jnf  the  renuuofl  (K  re^cejicea. 

C\— i\F jiATiriasTtLLATA,  Intiif  nutf-r  uiui  HH  tbe  oomea,  which  Is  moderately  clouded  ttllo%*er» 
Are  four  Uunge  aod  turo  very  amall  ulcer»,  »howuur  a  vteUale  branchijiK- 


ftiif^ny  th^  prfiyr^^ive  neriod  it  is  but  very  Blightly  clouded^  so  that  it  scarcely  gives 
any  e\idence  of  its  presence,  except  the  loss  of  substance~lhat  it  produces;  it  may  there- 
fore be  very  easily  overlooked  if  we  do  not  examine  the  cornea  by  carefully  testing  it« 
reflex.  It  has  a  tendency  to  fill  up  inc^omplet^lv  wnth  cieatricta^J issue  so  that  a  central 
faoH  remains  which  cauaea  very  great  deterioration  of  sight  1;>y  ^^^'  nrndnrtiim  of 
irregular  astiptnatism, 

6.  I  leers  m  gonorrhfwal  conjuncHvitia  and  in  diphtheria  of  the  conjunctit'a  genera Uy 
spread  rapidly,  and  often  lead  to  destruction  of  the  entire  cornea,  or  even  to  panophthal- 
mitis. 

7.  Traumatic  ulcers  of  the  cornea  are,  aa  a  rule,  small  and  superfici^,  and  occtir 
for  the  most  part  in  elderly  people.  They  arc  located  in  the  zone  of  ttie  cornea  tliat 
lies  in  the  palpebral  figure;  the  upr>er  third  of  the  cornea,  which  is  covered" bv  the 
upper  iicl.  ineretore  generally  is  pxemot  from  them.  Imt  besides  these  ulcers,  which 
run  a  rapid  course  an i I  are  iH'nign,  there  also  oerurs — and  usually  after  inconsiderable 
Injur  [es — the  dangerf)us  sfirt  known  as  ulcus  seroeps  (see  }  35).  — 

tor  the  ulcers  which  develop  as  a  result  of  desiccation  of  the  cornea,  see  keratitis 
e  bgophthalmo  ($  37). 

8.  Small  marginal  tilcers  of  the  corneft  occur  fre<]uently_in  elderly  people,  especially 
of  the  male  sex,  without  any  conjunctival  lesk»n  or  ext<;mal  tray  mat  jam  beinic  discover- 
ible  MA  their  cause.  I'kcy  üeveiop  with  preTTy  vidpnt  complications,  but  arc  scarcely 
of  the  siie  of  a  pin's  head,  and  heal  rapl ill v  without  penetratinj^^  deeply >    They  are 


248 


TEXT-BOOK  OF  OPHTHALMOLOGY. 


particularly  irouMesome  from  the  fact  thai  they  are  prone  to  recur,  ao  that 
people  have  to  go  through  with  attacks  of  this  kind  of  keratitis  one  or  more  times  every 
year.  The  iiraiic  diathesjs  appears  to  be  a  fretment  cause  o(  these  iileers.  and  general 
treatmeat  directed  agiHnst  t his  diathesis  and  consisting  ot  trie  proper  dietetic  regul&tionft 
or  the  ijj*e  of  mineral  waters  often  puts  an  end  to  the  recurrence  of  the  ulceration, 

9,  Herpes  corncw  jehriJu  (rarely  alöo  herpe^^  corncir  wster.  sec  §  40)  may  give  nse 
t^  ulcers  formed  framthe  ruptnred  herpetic  vesicles.  These  have  the  property  of  not 
penetrating  deeply,  but  of  being  very  prone  to  spread  superficially.  This  superficial 
exteasion  may  take  place  in  two  ways;  either  tlie  ulcer  extends  in  all  directions  unj» 
formly,  in  which  ease  we  ha%'e  a  large  but  quite  suiK>rficial  k^f^H  of  isiibstanee  everywher» 
surrounded  by  a  narrow,  sharp,  usually  feötooned,  gray,  and  infiltrated  margin^  which 
pushes  it^  way  farther  ev<iry  day  (Fig.  93  A);  or  extension  takes  place  in  certain  direc- 
tions only.  In  the  latter  case,  from  the  loss  of  suhstance,  which  originally  is  small, 
gray  stria?  extend  in  one  or  more  directions  into  the  trunspareni  curnea,  and  grow 
constantly  longer,  at  the  same  lime  becoiiiing  forked,  and  also  sending  out  lateral 
h ran c lies.  Thua  tlvere  in  prcMhu'pil  in  H]^  ryj-j^^'n.  a  vnry  pretty  gri^y  fe'itf*"  which  i» 
branched  like  a  tree,  and  often  bears  nodular  swellings  at  the  extremities  of  il^  branchei 
— kert i f iHs  dent iri^t ira  (Kmrnert).  This  branched  infdtmte  brt^aks  down  into  an  ulcer 
having  the  form  of  a  deep,  Ijranched  furrow,  with  gray  margins  inclosing  it  (Fig.  93  B). 

rhen  this  ulcer  l>eeomes  clean  and  heab,  leaving;' 
iKjhitid  it  an  opacity,  whose  liranehed  form  allow» 
us  to  recognize,  even  stime  time  afterward,  the 
nature  of  the  antecedent  affection. 

[Dendritic  keratitis  wa^s  Hrst  descrilied  by  Kipp, 
who  p^jintcd  out  that  in  this  covmtry  at  least  it  is 
cau.sed  ig  nine  cases  f^\  f^f  ^pi]  bv  rnn|^ria  and  id 
relieveti   by  lhe_  administration    yf    tminine.      The 

ordinary'  form  of 
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vi  lieh 
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inner  margin  of  Ih*«  ooroea  is 
a  pseydo-pterygiiuim. 


flameisfTueoTsome  eaj^es  of  ( tie 
herpes  febrilis  corneae  (l>e  Beck).- 

In  nianxJÄäSÄJlLJjfiffi^^  iustea^ 
large  likcr.  numerouijt.minnte  ulcers  de vtdup 
are  .st:ti'slKiiMnl  and  orovuled  vvith  sliort   prcM-e^W 


10.  Ulcus  rodens  (Mooren). 


(kenttitLi  sttHüta    {Vig.  m  C) 

All  f  heh~funus  of  keratitis  are  rharaeteri^ed 
by  1  u !|g  d u|u t  io n  (one  to  three  montlisi, 
A  superficial  ulcer  develops  from  the  margin  of  the 
cornea  (usually  the  upper  margin)  with  marked  inflammatory  complicaiions.  From 
the  soimd  ix>rtion  of  the  cornea  it  is  limited  by  a  gray,  cloialed  margin,  which  is  evi- 
dently undermined.  This  latter  symptom  i^  characteristic  of  ulcus  rodens.  After  a 
short  time  the  ulcer  Ijegins  to  grow  clean  e.r.d  to  cicatrize.  Incoming  covered  witli 
vessels  from  ilie  bndjus.  Just  when  one  supposes  the  process  to  lie  nearing  complete 
recovery^  a  relapse  sets  in  with  a  rt^turn  of  the  symptoms  of  irritation,  and  in  this  tho 
ulcer  pushes  its  way  forward  somewhat  farther  in  the  cornea.  So  the  diaeaae  goes  on 
with  discontinuous  attacks  and  intervening  remissions,  until  the  ulcer  has  covered  tl 
entire  cornea.  The  latter  Is  thus  everywhere  deprived  of  its  superficial  layers,  and 
hence  remains  permanently  clouded  throughout  its  entire  extent,  so  that  \^ision  is  very 
greatly  diminished.  Perforation  of  the  cornea  in  this  afTectinn  ha^  nevt»r  been  oliserved. 
Tliis  rare  disease  attacks  elderly-  f^eople,  and  not  infrer|uently  invades  both  corneae 
either  siniultaneo\isly  or  in  succe.sj*iorL  It  was  reganled  as  incurable  a.s  long  as  surgeons 
were  ui^cc|imitited  with  the  cauterization  of  the  cornea  by  means  of  the  actual  cautery, 
If,  however,  we  destroy  the  margin  of  the  ulcer  by  this  means,  the  ulcer  in  most  caaee 
is  brought  to  a  cure. 

H.  KeratUis  margimtlis  {ntperfteüilis  is  another  rare  disease»  found  in  persons  in 
middle  hfe.  A  cpiite  super ticial  ulceration  spreads  over  the  cornea,  starting  from  it« 
margin.  It  does  not,  however,  start  fmrn  all  parts  of  the  margin  at  the  same  time, 
nor  does  it  advance  ^iniformly.  f^nsequently  the  ulcerated  marginal  xone  of  the  cornea 
is  demarcated  from  the  transparent  central  portion  by  a  sinuous  border  formed  by 


The  vftsruW  fasciculus,  keratitis  fleiiflritica,  ulcus  rfMlens,  an«!  keratitb  margiimlis 
Bciaiis  hftv<*  the  common  I  rait  of  cnx^pirig  along  .slowly  in  th(*  cornoa,  for  which 
Ibey  art»  also  dcsigiiattHl  by  the  name  of  serpiginous  uletTS  of  the  cornea, 

AthcromtUou^  ulcers  develop  in  old  »cars  of  the  cornea  when  the  latter  have 
e  doKetieration  through  the  defmsition  fif  lime  or  hyaline  masses  or  when  they 
Otäcii  lu  mf^chanical  injuries  (as,  for  example,  when  at  the  ai>ex  of  a  eoroeai 
Dtna).  The  result  \s  exfoliation  of  the  epilhehtnn  and  consequently  necrosJis  of 
y  nourished  cicatricial  tissue  ("sefjuest rating  cieatricial  keratitis"),  .is  the 
frtxiuently  extendH  through  the  entire  thickness  of  the  scar,  perforation  often 
id  iv*  a  sequel  to  this  even  panophthalmitis. 

In  the  eyef*  which  are  rendered  blind  by  glancomn  abmluium,  |>uruknt  ulcere, 
Uuder  the  form  of  ulcus  serpens,  may  develop.  These  are  ordinarily  associated 
iMidcräble  hypopyon,  anti  frequently  terminate  either  in  j^HTforatiou  of  the 
with  n*sultant  hemorrhagrs  fnun  the  eyeball  or  in  panophtliahnilis.  Like 
lat^kU)«  ulcers,  they  are  caused  by  insufficient  ntifrition  and  innervation  of  the 
iin  insufficiency  alreatly  raatle  apparent  froni  the  insensif ivem^s  of  the  hitter. 
>th  varieties  of  ulcers,  the  enucleation  of  the  blinded  eye  is  sonjetimes  the  only 
that  i>ermanently  relieves  the  patient  of  the  rc()eatedly  recurring»  tormenting 
an. 

-»  Likewuie  due  to  impaired  nutrition  are  the  marantw  ulcers  which  occur  in 
who  are  run  down  as  a  result  of  a  serious  discjise  of  the  liver  (cirrhosis,  carci- 
These  ulcers  are  torpid  in  counsr*  but  may,  nevertheless,  produce  dest ruf^t ion 
Dmca.  As  they  are  associated  with  xemsis  of  the  conjunctiva  iitul  with  heniera- 
!iey  occupy  an  intermediate  position  between  the  c^ise^  of  simple  heraeralopia 

(page  59SJ  and  the  keratomalacia  of  sroidl  «^liklren  (see  page  2ti3j. 
e  treatment  of  corneal  ulcers  has  very  reei^ntly  made  great  progress,  chiefly 
of  the  ininxiuction  of  cautfrimlion  by  means  of  the  actual  cautery,  which  we 
icipally  to  Gayet;  for  those  very  purulent  and  infiltratetl,  rapidly  progressive 
bat  we  hitherto  were  often  powerless  to  o|*i>ose  ai-e  just  the  ones  that  are  usually 
~  at  once  by  this  mcims.    The  aptjlicatioii  of  the  cautery  is  painless  when  co- 
employed,  and  does  not,  as  might  be  suppose«!,  cans**  any  mi»rked  irritation  of 
On  the  contrar>%  after  its  uinilication  the  pain  often  eejises  instantly,  while 
Iher  symptoms  of  irritation  abate.     In  private  practice,  when  one  has  no  other 
B  to  restart  to,  the  head  of  a  probe  or  of  a  knitting  neitile,  hcate<l  nHl-iiot,  may  be 
jycnl  for  cautcrixalion.     The  chief  thing  is  to  make  the  eauterijtation  extensive 
"Perforation  of  (lie  thinned  floor  of  the  ulcer  can,  with  care,  be  eivsilv  avoidedl. 


„_^.Ia^  u_ 
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either  dusted  in  fine  powder  on  the  diseased  spot  or  is  introduced  into  the  oonjunctival 
sac  in  the  form  of  a  10-per-cent  ointment.  Progressive  ulcers  we  may  often  render 
clean  quickly  if  we  rub  the  floor  of  the  ulcer  with  a  small  pledget  of  cotton  which  is 
held  in  a  forceps  and  has  been  dipped  in  absolute  alcohol  or  tincture  of  iodine.  In  doing 
this  we  must  be  careful  that  these  liquids  do  not  flow  over  the  sound  portion  of  the 
cornea.  [Tincture  of  iodine,  however,  seems  to  cause  no  damage  to  the  healthy  cornea 
even  when  applied  in  considerable  excess.  It  is  quite  a  painful  application,  the  pain 
often  lasting  for  hours  and  not  being  helped  much  by  the  use  of  cocaine.  Less  pabiful 
and  apparently  equally  efficient  is  a  10-per-cent  solution  of  iodine  in  vasogen.  Nitric 
acid  and  95-per-cent  carbolic  acid  are  also  used,  but  with  them  great  care  must  be  taken 
that  they  do  not  come  in  contact  with  the  healthy  cornea. — D.]  The  minute  branched 
ulcers  of  keratitis  dendritica  are  usually  arrested  if  a  piece  of  blue  stone  whittled  to 
a  fine  point  is  carried  carefully  along  the  furrow  made  by  the  ulcer.  [But  these  cases 
usually  require  constitutional  treatment  (see  page  248). — D.] 

Fiaiuke  of  the  cornea  occur  mainly  as  a  sequel  of  perforations  that  lie  opposite  the 
pupillary  margin  of  the  iris,  so  that  the  iris  can  not  block  the  opening  completely,  but 
simply  lies  with  its  pupillary  border  in  the  perforation  orifice.  In  this  case  often  there 
IS  no  solid  connection  present  between  the  iris  and  the  cicatricial  tissue,  minute  inter- 
vals remaining  between  the  two.  Hence,  corneal  fistulse  do  not  as  a  rule  present  wide 
canals  lined  with  epithelium,  and  yet  the  scar-tissue  filling  the  perforation  opening  b 
not  dense,  but  is  permeated  by  fissures  through  which  the  aqueous  keeps  oozing  until 
it  reaches  the  exterior  surface  of  the  cornea  (Czermak).  The  origin  of  other  fistulie  is 
that  the  prolapsed  iris  splits  apart  under  the  strain  produced  by  the  pressure  of  the 
aqueous,  and  the  opening  thus  formed  never  closes  solidly  again.  Lastly,  in  very  exten- 
sive prolapses  of  the  iris,  it  may  happen  that  in  the  process  of  cicatrization  a  fistula  is 
left  at  the  spot  corresponding  to  the  pupil. 

It  is  usually  hard  to  effect  firm  union  in  fistuke  of  the  cornea.  If  the  fistuke  will 
not  close  at  all,  we  may  often  attain  success  by  sewing  over  the  fistula  a  flap  taken  from 
the  adjacent  conjunctiva.  The  flap  by  growing  fast  to  the  surface  of  the  scar,  whose 
epitheUmn  had  previously  been  removed,  closed  the  fistulous  opening.  Another  pro- 
cedure consists  in  excising  by  means  of  the  corneal  trephine  the  fistula,  together  with 
the  cicatricial  tissue  surrounding  it,  and  implanting  in  the  opening  an  equally  large 
piece  of  healthy  cornea  (see  §  45). 

2.  Ulcus  Serpens  Comece^^ 

35.  Symptoms. — A  recent  ulcus  serpens  appears  under  the  form 
of  a  grayish-white  or  yellowish  disk,  which  occupies  nearly  the  center  of 
the  cornea.  1  ne  opacity  of  ttift~^ig^^  is  preater  at  its  edges  than  in  the 
center,  "and  generally  the  edges  themselves  show  a  particularly  well- 
marked  gray  or  yellow  opacity  in  one  special  direction.  The  disk  is  sur- 
rounded by  a  delicate  gray  area,  and  frftqiifint.ly  finp^  ri^jj^i^jpy^  yrav 
strise  extend  from  the  ma^pjin  of  the  disk  into  the  transparent  part  of  the 
cornea:  'ihe  surface  of  the  cornea  over  the  disk  is  dotted,  and  often  at 
the  beginning  is  raised  some  distance  above  the  level  of  the  surrounding 
parts.  Soon,  however,  this  spot  is  seen  to  be  depressed,  although  not 
with  abruptly  depressed  edges,  as  in  the  case  ol  an  ulcer,  but  rather  under 
the  form  of  a  shallow  dimpling.  Moreover,  the  rest  of  the  cornea  that  is 
not  occupied  by  the  serpent  ulcer  proper  is  less  lustrous,  being  covered 
with  a  delicate  uniform  cloudiness.     These  changes  m  the  cornea  are 


"  Synonymous  terms  for  ulcus  serpens  (Sacmisch)  are  hypopyon  keratitis  (Roscr)  and  absoeoB  of 
the  cornea. 


always  associated  with  a  violent  iritis.  The  aqueous  humor  is  turbid,  a 
h>ix»pyon  lies  at  the  bottom  of  the  anterior  chamber,  the  iris  is  discolored 
and  i»  fastened  by  posterior  synechise  to  the  lens  capsule,  Correspond- 
tüg  to  the  severity  of  the  inflammation  is  the  violence  of  the  irritative 
«jTnptoms:  slight  oedema  of  the  lids,  intense  injection  of  the  conjunc- 
tival and  ciliary  vessels,  photophobia^  and  pain,  which  latter  often  reach 
a  vcr>'  considerable  height.  Nevertheless  there  are  also  torpid  cases, 
which  are  agdociated  with  very  slight  symptoau?  of  irritation. 


An  tjIPTi»  ^Tpenw  di^velopcd  from  an  (»n>doi],  the  Ifttter  liboirin«  it  faint  gray  clou  , 
t^•    *    *         '      !  ',  FtfT  it  hit»  ^turtcd,  gettinit  a  nioro  pronounced  uray  b-oriler.    Sinrc  mi«  ti  hh  vnriy 

•  '  aid  not  othorwri-w?  bo  hiai  for  ttnäi tonih  a!  pxuiuination,  I  inocmlalod  the  comea 

*'  i''"!  fr>r  püurlewtion  with  n  culture  of  pncutiiocoi-ci  which  hÄcl  betii  made  froiii 

»  T'  xns  enucleated  3  dhv«  later;  at  the  «te  of  inoculation  there  w»*  a 

v  :tbove  the  level  of  the  fldjaceDt  eoroen  «nd  which  bad  »more  pro- 

T*'  Irf^r.     The  cros*  section  »hows  a  plug  conaissiinn  of  ihe  swollen  iipper- 

itoo-»!  i#.\vf*  :\.     ill  trim  lie  only  a  few  poorly  f^tained  (neerotic)  pun  eorpiiwlea,  aod  «reat 

^^MUititi««  oi  ■•>■{,  which  in  purticulnr  quite  fill  tip  ibe  lafge  trap«  vifliblo  in  ihe  pluR.     Row- 

man'»  fnemi  '  he  plujc  ia  also  necrotic.    At  a  the  swollen  ni asses  pumb  tbroufcb  the  nietnbrano, 

Ol  "  .     iTirt nur  -"urfHce  of  the  latter,  while  the  .ihnrp  edge  of  the  plug  iut«  forward  like  n  wwl^e 

l^  nembrane.    On  the  other  «de  Bowman'«  membrane  ip  wanting  between  b  and  r.    Through 

II  pifbeiium  ff  grow«  down  into  the  deeper  piirt«,  and  Hepmratej»  the  cieerotic  plug  sharply 

It.  rneal  tiJisur.     The  lametlie  of  the  cornea  at  the  lower  ^ido  of  the  pbiir  an»  infittrat*d 

»'I    I  *^  wboae  number  incrf^uj-r.»  toward  the  border  n      At  Una  äpöt  both  in  the  neerotie 

b"'"*'  r  ,11,  the  »urroundinK  infiltrated  tametlje  of  the  cornea  are  present  »till  living  pneunio-> 

eiKO.     Hr  ij  t  ur  ihia  aide  an  extension  of  tb«  cuppuration  would  be  expected  tu  take  pbce. 


The  subsefjuent  course  eonsigt.s  in  the  enlargement,  both  super- 
ficially and  in  denjii^  of  the  serpent  ulcer.  The  superficial  enlargement 
takej^  place  chieny  in  that  direction  in  whieh  the  margin  h  marked 
by  a  specially  dense  opacity — an  opacity  which  not  infrefiucntly  looks 
like  a  yellow  crescent  placed  u]>on  the  f^erix^nt  ulcer,  Ina-smuch  as  the 
anterior  laraellie  of  the  cornea  within  the  region  oeeupied  by  the  ulcus 
serpens  keep  breaking  down  constantly  more  and  morei  there  is  formed 
an  extensive  ulcer,  the  floor  of  which  is  coated  with  pus.  Soon  after 
this,  generall3%  those  lamellöe  of  the  cornea  which  now  form  the  base 
of  the  ulcer  are  also  de^jtro^^etj,  so  that  an  extensive  perforation  of 
the  cornea  is  produced.  The  contents  of  the  anterior  chamber,  con- 
msting  of  aqueous  humor  and  pus,  are  discharge<l,  and  a  large  prolapse 
of  the  iris  forms. 
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While  the  ulcus  serj)ens  is  going  through  with  its  process  of  devel- 
opment, the  accompanying  iritis  keeps  on  increasing  in  the  same  pro- 
po^tio^  up  to  the  time  of  perforation  of  the  cornea;  the  hypopyon,  too, 
keeps  growing  until  it  fills  the  greater  part  of  the  anterior  chamber, 
and  the  pupil  is  closed  by  an  exudation  membrane. 

After  the  perforation  of  the  cornea  has  taken  place  the  irrita- 
tive symptoms  generally  abate  and  the  suppuration  may  now  come 
to  a  standstill.  In  other  cases,  however,  the  purulent  disintegration 
of  the  cornea  keeps  on  just  the  same,  so  that  the  latter  is  entirely 
destroyed,  with  the  exception  of  a  narrow  marginal  rim.  Panophthal- 
mitis even  may  result  from  the  suppuration  passing  over  into  the 
deep  parts. 

An  ulcus  serpens  always  leaves  a  very  dense  corneal  cicatrix  which 
can  not  be  cleared  up,  and  in  which  theins  is  almoat-atwavs  inr^rrpr- 
ated.  Furthermore,  in  consequence  oi  fhe  iritis,  there  are  usually  left 
adhesions  of  the  iris  to  the  capsule  (posterior  synechiae),  and  even  a 
closure  of  the  pupil  by  a  membrane  (occlusio  pupillae).  The  corneal 
cicatrix  itself  is  in  favorable  cases  flat,  in  unfavorable  cases  ectatic,  so 
that  the  ulcus  serpens  ends  by  forming  a  staphyloma.  If  panophthal- 
mitis has  followed  upon  the  ulcus  serpens,  a  shriveling  up  of  the  eye 
(phthisis  bulbi)  takes  place. 

^  The  clinical  picture  which  is  characteristic  of  ulcus  serpens  and  by 
which  the  diagnosis  is  made  is  present  only  in  the  beginning  of  the  dis- 
ease. Its  important  features  are  the  disk-like  form  and  central  situation  of 
the  opacity y  the  more  pronounced  opacity  of  the  margin  in  comparison 
with  the  center,  the  character  of  the  corneal  surface,  which,  at  the  site  of 
the  ulcus  serpens,  shows  only  a  shallow  depression,  and  finally  the  early 
onset  of  hypopyon  and  iritis. 

The  prognosis  of  ulcus  serpens  is  always  serious,  as,  on  accoimt  of 
the  malignancy  of  its  course,  it  belongs  to  the  most  dangerous  of  the 
diseases  of  the  eye,  and,  if  not  checked  early,  it  geyififu^^y  **ndp}  hy  prnr 
ducing  blindness  througlTan  incurable  opacity  of  the  coriiga.  And 
even  m  the  favorable  cases,  which  either  spontaneously  or  with  the 
help  of  art  come  to  a  stop  early,  a  dense,  centrally  situated  opacity  re- 
mains, so  that  usually  the  sight  can  be  restored  only  by  the  perform- 
ance of  an  operation  (iridectomy). 

36.  Etiology. — An  ulcus  serpens  originates  in  infection  of  the  cor- 
nea by  organisms  (the  pneumococcus)  which  set  up  in  it  a  purulent  in- 
flammation. Such  infection  presupposes  two  conditions:  first,  a  lesion 
of  the  corneal  epithelium,  which  in  the  normal  state  protects  the  cornea 
against  the  entrance  of  micro-organisms;  and,  second,  the  presence 
of  pvop;enic  orp^anisms  which  find  their  way  to  the  spot  where  the  epi- 
thelium  is  wantmg.  Both  of  these  conditions  occur  in  many  cases 
of  injury  of  the  cornea.  The  body  which  inflicts  the  injury  may  itself 
be  the  carrier  of  infection  and  inoculate  the  cornea  with  germs.  Much 
more  frequently  the  injury,  by  producing  a  loss  of  substance  in  the 
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epithelial  covering,  simply  iiflfortl^«  the  opportunity   for  the  entrance  of 
^JBifection»   the   infecting   germs  being  fumisihed    by   the   ü^ecretion    con- 
pHtned  in  the  conjunctival,  stic^   The  iniinieä  which  in  this  manner  lead 
lo  tne  lormation  of  ulcus  are,  as  a  rule,  very  :^light.  consisiting  in  a  i?iniple 
scaling  off  of  the  epithelium,  such  as  is  caused  by  a  rough  cloth,  a  leaf, 
or  a  branch  grazing  the  cornea,  8mall   foreign   bodies   flying  into  the 
«y©,  and  scratches  produced  by  contact  with  slivers  of  wood  in  those 
I  engaged  in  wood-chopping  or  fragments    of   stone   in   those   engaged 
ia  breaking  stone.    Even  in  those  cases  in  which  a  typical  ulcus  serpens 
'  has  appeared  to  originate  spontaneously,  it  is  probable  that  there  has 
been  an  antecedent  injury,  since  such  slight  injuries  of  the  cornea  as 
the&e  are  readily  overlooked   by  the  patients.     In  exceptional   cases 
«evere  perforating  injuries,  and  likewise  operation  wounds,  may  also 
give  me  to  an  ulcus  serpens.     Associate_d  with  the  injury,  and  consti- 
tuting the  second  factor  in  the  production  of  ulcus  t^efpens.  isjj^^res- 
encejaf  a  chronic  lesion  of  the  conjunctiva  (catarrh  or  trachomai,  or 
an  afreet  ion  of  the  lachrymal  .<ac  (present  in  about  one  third  of  the  cases 
of  serpent  ulcer),  by  whSrli  Hie  infecting  secretion  is  furnished. 

Typical  ulcus  serpens  attacks  adults  exclusivety,  and  especially  those 
nging  to  the  working  class.  These  are  more  frequently  exj^osed  to 
ies  of  all  kinds,  and»  besides,  more  often  suffer  from  neglected  affec-- 
the  conjunctiva  and  lachrymal  sac  than  do  memliers  of  the  well- 
asses.  Great  heat  favors  the  formation  of  ulcus  scri^ns,  which 
much  more  Tn'(|n<iit  In  the  hot  srast:>n  than  In  wmter.  For  tais 
reapt*rs  are  not  infreciuciitly  affected  with  the  disease,  since  in 
the  grain  they  scratch  their  eyes  with  its  av\ms,  and,  bcsirles,  do 
Reir  work  during  the  hottest  days  of  the  year.  Stone  masons  [and  in 
thitj  country  oyster-shuckers]  also  are  particularly  apt  to  be  attacketl 
by  ylcus  serpens. 

Ulcus  serpens  also  occurs  in  acute  infedioiLs  disease.^,  such  as  smalj- 
D03C.   scarlet  ii'Vtr.   measles^  tvnlius.   (>tc.      The  form   that  results  from 
lo?a  is  most  freotn^ntly  (jliscrvtxl.      In  this  ca.se  it  makes  its  appear- 
not  at  the  heiglit  of  the  disease  but  in  the  stage  of  desiccation, 
in  fact,  sometimes  even  in  patients  who  have  already  left  their 
The.se  variolous  ulcer's  are  found  in  cliildrt^n  as  well  as  in  adults, 
not  infrequently  affect  both  eyes  so  that   total   blindness  may  l»e 
luced  by  them 

Since  the  ulcus  serpens  in  variola  develops  such  a  length  of  time 
the  stage  of  eruption,  it  obviously  can  not  be  regarded  as  a  small- 
TBx  pustule  that  has  been  localized  upon  the  cornea.  Such  pustules 
do  occur,  but  only  in  tlie  conjunctiva.  It  is  true  they  may  then,  if  they 
lie  near  the  margin  *>f  the  cornea,  give  rise  to  a  suppurative  infiltration 
^Lthe  adjoining  portions  of  the  latter,  l>ut  not  to  the  typical  picture  of 
^B  centrally  situated  ulcus  serpi^ns.  When  the  latter  develops  in  the 
Ttage  of  desiccation  of  variola,  it  must  l>e  attributed,  like  a  traumatic 
ileus  serpens,  to  an  infection  of  the  cornea  from  without.      There  h  no 
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lack  of  opportunity  for  such  infection  to  take  place,  since  the  free  border 
of  the  lids  is  a  favorite  seat  for  variolous  pustules,  which  thus  can  come 
into  direct  contact  with  the  cornea. 

Treatment. — In  consideration  of  the  rapid  progress  which  an  ulcus 
serpens  usually  makes,  and  which  threatens  the  entire  cornea  with  de- 
struction, a  particularly  prompt  and  energetic  interference  is  required. 
The  treatment  is  partly  medicinal,  partly  operative. 

The  medicinal  treatment  is  the  same  as  in  pus-infiltrated  ulcers  of  the 
cornea — namely,  the  application  of  a  bandage,  atropine,  iodoform,  moist 
and  warm  compresses,  and  subconjunctival  injections  of  sublimate.  At 
the  same  time,  any  lesion  of  the  conjunctiva  or  lachrymal  sac  that  may 
happen  to  be  present  is  to  be  suitably  treated.  This  treatment  is  only 
adapted  to  the  case  of  small  recent  ulcers  without  an  excessively  large 
hypopyon.  It  should  be  undertaken  only  under  the  condition  that  the 
disease  is  closely  watched,  so  that  in  case  the  latter  progresses  in  spite 
of  it,  we  may  immediately  proceed  to  operative  treatment. 

Operative  treatment  must  be  initiated  without  delay  in  all  severe 
cases  of  ulcus  serpens,  but  is  also  required  in  the  milder  cases  when 
they  resist  the  mild  treatment.  It  consists  either  in  the  cauterization  of 
the  ulcer  by  means  of  the  actual  cautery  or  in  its  incision  according  to 
the  method  of  Saemisch.  [The  operation  was  really  first  devised  by 
Guthrie  in  1844. — D.]  Cauterization  is  performed  in  the  same  way  as 
in  the  case  of  progressive  ulcers  of  the  cornea;  special  attention  must 
be  paid  to  the  destruction  of  the  progressive  portion  of  the  margin.  Cau- 
terization has  the  advantage  over  incision  of  not  causing  a  perforation 
of  the  cornea,  and  hence  of  not  giving  rise  to  inclusion  of  the  iris.  It 
is  suitable,  however,  only  for  those  ulcers  that  have  not  yet  undergone 
perforation,  and  in  which  the  hypopyon  is  not  excessively  large,  for  the 
latter  is  not  removed  from  the  eye  by  this  method;  it  can  disappear  from 
the  anterior  chamber  only  by  resorption.  Incision  of  ulcus  serpens 
(Saemisch's  [or  Guthrie's]  puncture,  see  section  on  Operations,  §  155), 
beside  dividing  freely  the  corneal  lamellae,  which  are  saturated  with  pus, 
also  effects  the  discharge  of  the  hypopyon  (see  page  260) ;  it,  however, 
entails  the  disadvantage  of  a  frequently  extensive  incarceration  of  the  iris. 
Incision  is  suitable  for  very  extensive  ulcers,  for  those  in  which  perforation 
is  imminent,  and  for  those  which  are  associated  with  a  deep  hypopyon.  We 
should  not  let  the  matter  rest  with  a  single  performance  of  the  incision,  but 
must  every  day  separate  anew  with  a  blunt  instrument  the  edges  of 
the  wound,  which  speedily  reunite,  and  we  must  keep  this  up  until  the 
ulcer  begins  to  grow  clean.  At  the  same  time  that  this  operative  pro- 
cedure is  being  performed,  the  medicinal  treatment  above  mentioned 
must  be  continued.  Perforation  and  prolapse  of  the  iris,  when  once 
they  have  occurred,  must  be  treated  according  to  the  plan  that  has  been^ 
laid  down  for  perforating  ulcers  (page  244). 


[For  the  treatment  of  variolous  ulcers 
and  other  forms  of  ulcus  serpens,  see  page 


and  the  prevention  of  these 
261.— D.] 
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Aeoording  to  our  present  views,  purulent  mUammations  everywhere  are,  with  rare 
exoeptioiifl,  to  be  referred  to  the  presence  of  schizomycetes. 

Iq  typical  ulcus  serpens  the  pneumococcus  is  found  so  extremely  often  (Uhthoff 
aikci  ^^xenfeid)  that  ulcus  serpens  has  be<*ii  called  by  the  name  of  pneuinococcus  ulcer  of 
cornea.  Elxceptionally,  it  is  true,  other  bacteria,  above  all  the  diplobacilhis  (that 
Morax-Axenfeld  and  a  vanety  of  it  described  by  Petit),  produce  thf  cünical  pieture 
i ulcus  serpens.  That  these  gerras  found  in  ulcus  serpens  are  really  pathogenic  for  the 
can  be  readily  proved  by  making  inoculations  with  them  in  the  coraea  of  an 
.  Traumatism  alone^  without  infection,  does  not  give  rise  to  gup]>uration.  We 
cut,  Bcrape,  crush,  or,  in  short,  mechanically  injure,  or  even  cauterize  the  cornea  of 
animal  without  getting  any  purulent  inflammation  of  it;  in  every  c^ise  simply  a  gray 
doudincsBB  develops,  which  generally  clisappears  again  quickly.  But  when,  by  repeatedly 
bruahiDg  the  conjunctiva  with  nitratc>-of-silver  iwilution,  we  have  artificially  produced  a 
ocmjunctiva]  catarrh,  and  in  this  way  have  given  the  opportunity  for  the  prcxhiction  of 
iljffTtion,  we  then  see  purulent  infiltration  follow  ufjon  f  hr-sr  ««ime  lesions  of  the  cornea* 
Wh&t  iä  true  of  the  cornea  of  animals  is  also  true  of  that  of  man.    Provided  we  avoid 
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Fia.  0Ö. — iNOCULATioff  KERATrrm.     (Aft«r  Leber,)     Mjigniired  3  X  I. 

'  if»u  through  A  rnhhit's  corneft  into  the  center  of  wliieli  »  «Uhiti*  fliiHp«n*«ion  nf  Rtaph" 
1-1  been  hijec!e<l  three  da>*8  before.     In  the  mMille  of  the  eornea  ii*  N?en  the  1110."^  of 
^   iJifrr^  .  „  .        .,  -^UTtxnimltti  by  a  neeroti<5  tone.     Tht«  latter  iä  bürderecl  by»  broad  tnismtiQn  ring, 
■diotaing  wkiüü  below  there  iü  m  »eoomi  one»  marrower  and  not  oomplete. 

inft?ction  by  cleanliness  and  antiseptic  measures,  we  can  with  impunity  subject  the  cor- 
nea to  operations  both  light  and  sc^vere;  even  cnishing  of  the  wimea,  such  a«,  for  exam- 
ig  often  enough  pro<luced  in  the  ejcpression  of  a  cataract,  does  not  alwayn  by  any 
as  lead  to  suppuration.  But  if  we  undertake  the  same  operation  in  the  presence  of 
a  conjunctival  catarrh  or  a  suppuration  of  the  laclirymal  sac,  we  ri&k  the  loss  of  the  eye 
from  A  purulent  infection  of  fhe  wound. 

In  what  way  does  infection  of  the  eomea  by  pus  germs  lead  to  the  detrhimwni  of 

a  MUppuratiee  keratitis?     We  owe  our  knowknige  in  rt'gard  to  thcfic  processes  and  the  true 

ex^>lanation  of  them  chiefly  to  the  invcj^tigations  of  Leber,  who  made  infHmlaliona  of 

various  kinds  of  genua  upon  the  cornea*  of  animals.     The  morbid  f)rocesses  that  he 

observed  to  result  from  these  inoculations  he  refers  to  the  toxic  effect  which  the  producta 

I      of  the  tiiBUe  metaraorphosi»  of  the  germs  induce.     He  assumes  that  the  chenucal  .sub- 

BÄftnces  |»n.Hiuce<i  by  the  germs  exert  upon  the  cell  protoplasm  an  irritant  action,  when 

^|pt  slightly  concentrated,  and,  when  more  concentrated^  a  paral3*zing  and  ultimiitely 

fatal  effect.     When  pus  cocci  are  intro<iuced  into  the  cornea  by  inoculation  tbey  first 

incretiae  in  number  witfiin  the  corneal  tissue.     Then  the  cornea  for  a  certain  distance 

I  about  the  colony  of  cocci  dies,  because  the  toxic  substances  excrctetl  by  the  cocci  are 

present  within  this  area  in  a  state  of  strong  concentration.     Acconhngly,  the  colony  of 

cocci  now  lie«  in  the  center  of  the  necrotic  area  (Fig.  96).     In  the  meantime  "violent 

iofiatnmatory  eymptonis  have  made  their  appearance  in  the  eye.     Tlie  toxic  substanceB 
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by  diffusion  have  reached  the  margin  of  the  poraea,  and  there  cause  dilatation  of  the 
vessels  and  increased  permeability  of  the  vessel  walls,  entailing  as  a  necessary  conse- 
quence increased  diapedesis  of  the  blood-plasma.  In  addition  to  this  diapedesis  of 
serum  an  emigration  of  white  blood-corpuscles  also  takes  place  from  the  vessels.  This 
is  effected  by  active  movements  of  the  leucocytes,  which,  irritated  by  the  toxic  sub- 
stances, emigrate  toward  the  focus  of  inflammation  (Chemotaxis).  This  migration  of  the 
leucocytes  may  be  explained  in  the  following  manner :  The  degree  of  concentration 
of  the  toxic  substances  diminishes  gradually  from  the  spot  where  the  irritation  origi- 
nates to  the  periphery.  Hence,  that  side  of  the  body  of  a  leucocyt«  that  is  turned 
toward  the  starting  point  of  the  irritation  is  in  contact  with  a  more  irritating  fluid  than 
is  the  side  which  Js  turned  in  the  opposite  direction.  Hence  the  protoplasmic  processes 
push  out  more  on  the  former  side  than  on  the  latter,  and  the  whole  cell  consequently 
moves  toward  the  source  of  irritation.  The  leucocytes,  however,  do  not  make  their 
way  into  the  necrotic  district  itself,  the  pus  cells  that  are  found  there  being  such  as  have 
emigrated  from  the  conjunctival  sac.     In  fact,  the  leucocytes  derived  from  the  margin 


Fia.  97. — Ulcus  Ssrpbns.    Magnified  10X1. 

The  ulcer  is  larse,  is  still  covered  with  pus  m  every  part,  and  has  a  yellow  border  a  oi,  surroundinc 
it  on  all  side«.  This  bordei  is  elevated  because  the  anterior  lamells  of  the  cornea  are  raised  by  the 
subjacent  infiltration.  levers  that  are  infiltrated  with  pus  form  the  floor  of  the  ulcer.  The  layers 
that  succeed  theeedeeper  down  show,  to  be  sure,  no  infiltration,  but  neither  do  they  show  any  IHing 
corneal  corpuscles,  so  tnat  the  cornea  here  is  necrotic  in  its  entire  thickness.  At  the  marsin  of  the 
cornea  there  is  marked  infiltration  beneath  the  limbus  66,  and  under  this  lie  living  corneal  lamriUe 
presenting  a  moderate  infiltration  which  only  towards  the  most  posterior  layers  c  ci,  becomes  more 
marked.     A  posterior  abscess  is  wanting  in  this  case. 


of  the  cornea  are  paralyzed  at  the  border  of  the  necrotic  area  owing  to  the  great  degree 
of  concentration  of  the  toxic  substances  at  this  spot.  Thus  it  happens  that  a  constantly 
increasing  number  of  cells  are  arrested  at  the  margin  of  the  necrotic  spot  and  die  there. 
In  this  way  is  produced  the  infiltration  (or  migration)  ring,  which  is  apparent  to  the 
naked  eye.  Now  leucocytes  have  the  property  of  dissolving  by  a  kind  of  digestive 
action  tissues  in  which  they  are  present  in  large  quantities.  They  effect  by  this  means 
the  exfoliation  of  the  necrotic  area,  and  give  rise  to  a  delimiting  suppuration.  The 
inflammator>'  phenomena  in  the  cornea,  cqpsequently,  appear  under  the  guise  of  a  proc- 
ess having  a  definite  purpose  to  subserve,  the  principal  end  and  object  of  which  are 
to  eliminate  the  necrotic  area,  and  with  it  the  morbific  agents  that  it  contains.  But 
besides  this  the  pus  corpuscles,  as  experiment  has  shown,  have  the  additional  property 
of  directly  inhibiting  the  growth  of  germs,  so  that  they  oppose  the  diffusion  of  those 
organisms  that  may  have  chanced  to  grow  out  beyond  the  necrotic  mass. 

Since  the  cornea  is  an  organ  which  extends  mainly  in  one  plane,  the  migration 
zone  does  not  form  a  spherical  shell,  but  a  ring.  Yet,  according  to  Leber,  migration 
is  not  wanting  on  the  posterior  surface  of  the  cornea  also.  The  way  in  which  this  occurs 
is,  that  first  the  endothelium  of  Descemet's  membrane  over  the  necrotic  area  becomes 
detached  and  a  clot  of  fibrin  is  precipitated  from  the  aqueous  upon  this  portion  of  the 
posterior  wall  of  the  cornea.  Then  leucocytes  migrate  into  the  clot,  so  that  soon  a 
plug  of  pus  can  be  seen  on  the  posterior  surface  of  the  cornea  at  the  site  of  the  inocuhi- 
tion.    This  pus  by  sinking  to  the  bottom  of  the  anterior  chamber  forms  the  hypopyon. 
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Leber's  experiments  were  all  made  upon  animala,  in  which  it  is  not  poaeible  to  pro- 
A  morbiil  pirture  peKoetly  similar  to  the  ulciis  »crpen»  in  man.  Anatomical  re» 
cbe9  on  human  cyp^  affected  with  ulcus  aerpens  give  the  following  rc3öulta: 
Tlie  pneumococci  enter  at  the 
St«  of  the  »uperticial  injury,  then  mul- 
iply,  and  cause  a  circumscribed  necro» 
*.if  the  cornea.  Ab*>ut  the  necrotic 
plug  (Fig,  95,  ab)  is  found  an  infiltra- 
tion with  puÄ  cells.  The  nccrfttic  plug 
LB  uppn:»ximate1y  lenticular  in  shape,  Us 
stimtnit  rraching  to  the  surface  of  the 
cornea  while  its  sharp  etlge  pushes  iia 
way  between  the  acijuining  superficial 
layers  of  t  he  iximea  ( Fig.  95  beneath  a) , 
Tliefi  the  main  body  of  the  plug  is  exfoli- 
atrd,  so  that  a  loss  of  substance  is  |)n> 
duced  which  does  not  look  as  deep  as  it 
really  is  ( forms,  indeeti,  simply  a  rippling 
drptrsBion ),  because  the  corneal  lamella' 
fi ijuiing  it«  floor  are  swoüen.  The  hnr- 
Aff  n(  the  plug,  extending  briwecn  the 
loUa*  that  are  «till  preserved,  or,  in 
y  event,  the  infiltration  surrounding 
twrder,  remain«,  appearing  in  vrtym 
tion  as  a  wedge-shaped  nias»  o!  ov\h^ 
apex  is  di  refuted  toward  the  per* 
ui  the  cornea  (Fig.  97,  n  and 
djl.  In  it  lie  pneumococri  which  are 
itilJ  hving,  and  hence  the  inlil  tritt  ion 
iceeps  iusinua'ing  itpielf  farther  and 
ifT  jdofig  belwtX'n  the  lanielljr'  of  the 
and  asfjLst  a«  it  doe^SiW)  it  first  lift g 
^rn  detjiches  the  overlying  layers.  j 
I  hi?  marginal  zone  of  infiltraliim 
At  corresponds  to  the  yelkjw,  progrr«*- 
iv«*  border  wliich  is  vi.sibic  elinirully. 
^The  contrast  between  this  border  and 
4he  floor  of  the  ulcer  is  soon  heightened 
\y  the  fact  that  the  purulent  mas®<^ 
thrown  olT  from  thi*  Hoor,  so  that 
the  lattr-r  is  made  up  of  lamella*  which 
are  but  little  or  not  at  all  infiltrated, 


npfcN*<.      A.  front  view; 


Fio.  98, 


■^  stand  oti' 

flheftpp4x  border  uf  iAbi<rh  (<f)  ifl  coqw», 
•ijlittnrnt  »IV  it»  periphery  to  th<»  comcti. 


ubjftcenl  miuMe«  of  pus  which  I«y  in  thu  notormr  c]iminb«r 
A ,  betwiHm  t)w  odrnva  «ad  ihn  irta,  u  M«tt   the  hypopyoQ^ 
Uwin«  to  ihf  «lAurona.  thv  irifi  has*  rath«r  no«<yU%rly,  n^'om« 
e,  poditerior  sHac;«««  in  thw  «oruBm. 


are  »wollen  to  form  a  homogeneous  mass,  and  in  distinction  from   the  yellow  border 
are*  but  «ilighily  cloudy. 

In  many  caseis  of  ulcus  serpens  the  inhltration  of  the  margin  soon  disappears  at 
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some  portion  of  its  circumference,  so  that  the  ulcer  advances  m  one  direction  only. 
This  progressive  portion  of  the  ulcer's  border  then  looks,  not  like  a  ring  but  a  crescent 
(Fig.  98  A,  a)  applied  to  the  disk-shaped  ulcer,  which  itself  is  often  so  little  clouded  that 
one  can  scarcely  recognize  it  except  by  the  shallow  depression  that  it  produces  in  the 
surface  of  the  cornea.  In  this  case  wherever  in  the  living  eye  the  yellow  margin  is 
no  longer  visible  anatomical  dissection  shows  the  wedge-shaped  infiltrate  to  be  absent 
(Fig.  98  C,  b).  At  this  point  the  epithelium  passes  over  the  edge  of  the  ulcer  and  out 
upon  its  floor,  covering  the  latter  in  an  irregular  uneven  layer,  often  as  far  as  the  ad- 
vancing portion  of  the  border.  This  fact  explains  why  such  ulcers  give  an  almost  mir- 
ror-like reflex.  It  would,  however,  be  erroneous  to  assume  that  the  portions  of  the 
cornea  that  have  once  more  become  covered  in  this  way  with  epithelium  have  healed. 
Nature  tries  to  cover  every  wound  with  epithelium  as  rapidly  as  possible,  in  order  to 
protect  it  from  the  outside  world.  In  such  a  case  it  often  happens  that  the  epithelium 
covers  masses  of  dying  tissue,  and  even  masses  of  pus.  So  also  in  Fig.  98  C,  we  see  at  a 
how  the  epithelium  has  grown  over  the  advancing  portion  of  the  border,  which  is  on 
the  very  point  of  disintegration.  Moreover,  those  lamellae  of  the  cornea  that  lie  directly 
beneath  the  epithelium  and  form  the  floor  of  the  ulcer  are  no  longer  capable  of  surviv- 
ing; they  are  swollen  up,  destitute  of  corneal  corpuscles,  and  contain  simply  a  few  pus 
cells.  The  deeper-lying  lamellae  are  apparently  normal;  but  upon  careful  examination 
it  is  found  that  no  corneal  corpuscles  susceptible  of  staining  can  be  distinguished  in 
them,  so  that  they  also  in  large  part  are  on  the  way  to  destruction.  Hence  it  is  that 
although  in  ulcus  serpens  the  purulent  infiltration  does  not  go  very  deep,  nevertheless 
a  much  more  exteasive  perforation  of  the  cornea  occurs  than  we  should  expect  from 
the  intensity  of  the  inflammation. 

The  changes  which  simultaneously  take  place  at  the  posterior  surface  of  the  cornea 
contribute  to  the  production  of  perforation.  Here  an  accumulation  of  pus  corpuscles 
takes  place  early,  and  those  migrate  toward  the  inflammatory  deposit,  making  their 
way  mainly  along  the  posterior  surface  of  Descemet's  membrane.  They  are  derived 
from  the  vessels  of  the  uvea,  and  chiefly  from  the  vessels  surrounding  the  sinus  of  the 
anterior  chamber;  and  as  proof  of  their  ori^n,  many  of  them  contain  small  granules  of 
pigment  derived  from  the  uvea.  The  pus  corpuscles  congregate  to  form  a  mass  of  pus 
upon  the  posterior  wall  of  the  cornea;  they  then  penetrate  into  Descemet's  membrane 
and  ultimately  into  the  cornea  itself.  In  this  latter,  therefore,  there  is  formed  a  sort 
of  posterior  abscess  (Fig.  98  C,  c)  at  a  point  corresponding  to  the  site  of  the  ulcus  ser- 
pens. Directly  in  front  of  this  abscess  lie  those  corneal  lamellae  which,  as  already  men- 
tioned, are  destitute  of  corneal  corpuscles  and  are  undergoing  dissolution;  and  their 
necrosis  in  conjunction  with  the  abscess  gives  rise  to  the  perforation  of  the  cornea. 

The  pus  of  the  posterior  abscess,  which  lies  within  the  cornea  itself,  is  in  direct 
communication  with  the  purulent  masses  that  are  applied  to  the  posterior  surface  of 
the  cornea.  These  latter  form  coherent  limips  (c.  Fig.  98  C),  which  sink  to  the  bottom 
of  the  anterior  chamber  until  they  unite  with  the  hypopyon  (d,  Fig.  98  C)  present  there. 

The  hypopyon  has  usually  a  border  that  in  front  view  appears  convex  upward 
(Fig.  93  A,  d).  It  is,  moreover,  ag?lutinat3i  to  the  posterior  surface  of  the  cornea 
(Fig.  98  C,  d)j  so  that  when  we  look  into  the  anterior  chamber  from  above  we  can  see 
down  between  the  hypopyon  and  the  iris. 

The  older  authors  were  well  acquainted  with  these  appearances,  but  gave  them  a 
different  interpretation.  They  regarded  the  thread  of  pus  extending  down  into  the 
anterior  chamber  as  a  hypopyon  situated  in  the  cornea  itself  assuming  that  the  pus 
settled  down  between  the  corneal  lamellae.  They  explained  the  flattened  shape  of  the 
hypopyon  and  the  convex  curve  of  its  upper  border  as  being  due  to  the  contracted 
space  occupied  by  the  pus  inclosed  between  the  corneal  lamellae.  On  account  of  the 
convexity  of  its  upper  border  they  compared  the  hypopyon  to  the  lunule  of  the  finger 
nail,  and  hence  caJled  it  unguis  or  onyx  (nail).  These  expressions  would  therefore 
denote  a  settling  of  pus  down  between  the  lamellae  of  the  cornea — a  phenomenon,  how- 
ever, that  does  not  actually  occur. 

In  the  clinical  examination  of  an  ulcus  serpens  it  is  only  by  careful  investigation 
with  the  loupe  or  with  a  corneal  miscroscope,  and  not  alwa3r8  even  then,  that  we  can 


DISEASES  OF  THE  CORNEA. 


259 


dfocnmioAt**  betw«?en  that  part  of  the  gray  or  yellow  disk  which  lioa  in  the  roraea  itself 
mod  tlmt  which  lies  on  the  jK>sterior  wall  of  the  cornea,  that  is,  in  the  anterior  chamber. 
If  theinfiltnitionM  of  the  anterior  layers  of  the  comcat  which  constitute«  the  ulcus  proper, 
mod  the  posterior  absei»«» — in  ca^  one  is  present,  which  is  not  always  the  case — and 
the  m»ss(»  of  piw  on  the  posterior  »urfaee  of  the  cornea,  lie  right  behind  each  other, 
tbey  in  lArge  jiart  conceal  one  another.  But  often  they  are  displaced  laterally  with 
RIguit  to  *uu*h  other;  the  yellow  pus  on  the  postcTior  wall  of  the  comcii  projects  on  one 
Mm  or  fV«D  all  around  beyond  the  hmits  of  the  ulcer  and  makes  the  latter  appc*ar  more 
e%t<ti^ve  than  h  Is.  In  cftses  in  which  a  large  part  of  the  anterior  chamber  h  filled 
with  pu«  it  b  abiwjlutely  impossible  to  determine  the  Itmits  of  the  ulcer  with  certainty, 
ftnco  the  ukx^r  does  not  contras't  with  the  yellow  background;  it  is  only  after  the  puB 
has  b(?eii  withdrawn  from  the  anterior  chamber  by  «iilitting  the  cornea  that  the  limiU 
oC  the  ulcer  become  eviilent.  The  faint  gray  circular  line  which  not  infrequently  sar- 
►  II  small  ulcus  serjjens  at  a  certain  distance  from  it  is  generaUy  not  located  in  the 
.  ttirlf  but  is  the  margin  of  a  disk-shaped  clot  on  the  posterior  wall  of  the  cornea. 
It  b  a  striking  fact  that  t>7ucal  ulea^  «serpens  is  observed  only  on  adult8.  In  ehil- 
dn?n  negierte«!  dl-wase  of  the  eonjtinctiva  and  lm'hr>Tnal  sac,  which  alTords  the  material 
for  infection  of  the  cornea  Is  rare,  and  probably,  too,  the  cornea  in  childhood  m  lesa  pre- 
di9pO!»e«l  to  infection  with  pneumoeocci.  However,  it  is  not 
quite  immunp  to  it.  Rare  cases  of  pneiimoeocciLH  ulcers  do 
occur  in  children,  Tliese  ulcers  accordingly  corresp^ind  to 
Ok»*  ulcuü  wrp«'ns  of  the  adult,  and  like  it  take  a  nudignant 
fou^SI^.  Thry  do  not,  however,  have  the  typical  api>ear- 
lljce  of  ulcuM  Hcrpen»»  iK*rhaps  on  account  of  the  tendency 
lo  toiirked  swelling  that  t!ie  cornea  shows  in  childhood,  for 
ihcy  form  larg**  infiltrates  which  often  are  so  greatly  dia- 
ndei\  wi  to  prv»jcct  fthiovo  the  surface  of  the  cornea.  They 
'  unift>rmly  gray  or  etre  yellow  like  pus  throughout ,  and 
broak  tlown* 
hv  variety  of  keratitis  produceil  by  mold  fungi  (kcra- 

JA  (upcrdiltina,  Fig.  99)  presf^nti*  even  upon  external 

löämiriÄUmiÄcImical  pictm^  differing  from  that  of  the 
onlinary  ulcus  seriH'u«.  There  forms  in  the  cenrr;d  pnrtion 
«if  the  rorneta  an  iniiltrate  which  hit  or  undi^r^nn  >  sn[>*  rlTcial 
dN*^^^Wf?^tn«l   L^  ilistinpuislii-»!  fvy  Hs  ihm  unat.  jrv, 

cf  "i'  '      -  '  .    Abntrtjhis  ana  :t jz:r:tVi>r  y<Th>w  ^irrnubr  lirtc  of  demarcation  form». 

tiltlnijilt  Iv  Ic^^iils  Tn  trie  exrotiation  of  the 


Fig.    09.  —  KeR<iTt»MVccNii« 
AflPKRuii4.iXA.     N&tur«!  ita«. 

Tb»-  pnrklv   fr   !'     '       »mr« 
cliO(*tntj(  had  fnii  vye 

of  the  patient,  ;:^  rty 

five?  years  of  inr<-,  i.-u,  ,,i-,,  <^^y1^ 
before.  Th<?  fuiiirti.^  iiiu*«  ui  «rur- 
rMtinded  by  n  nri(£  i*f  itcnmreit' 
tUm  but  \H  utill  <*o\nily  coij^ 
ner-O^d     with    the    tindrrlyins 

f»art».  Thrt^c  öinall  rolotut'«  of 
un«i  have  vrrowii  AlmoAt  up  to 
the  ring  of  dt^nmrDaUoa. 


df^'pciis  irrtr» 


pens  irttr*   :i  u;' 
rf>rno:t,  whifh 


otter  ami  w 


A 


n3.i  ^  

ifirlii'i'd   [Hittj. r  rf>rno:t,  whifh  in  the  meantime  has  bix'onie  ne<Totjc.     The  latter 

kbciuK  til  us  «Ji'lin  lud  ill  masHc  from  the  compa,  cicatrization  of  the  resultant  loss  of  sul>- 

cc  ensut^.    Hypopyon  is  prt?Ä(?nt,  but  the  irritative  symiiloms  are  slight,  and  the 

h.A,.  ^oti^so  iä  ver>'  ciironic.    Examination  of  the  8<xiue.strum  shows  it  io  be  permeated 

'lium  of  the  asix'rgillus  fumigatus.     It  h  prribahlc  that,  a^  a  general  thing, 

LS  Carrie«!  into  the  cornea  by  the  foreign  body  that  causitj  the  original  injury, 

|<  ily  otiier  mold  fungi  are  pra»*ent  besidt>s  the  aii^ergillu'*.    The  inflammation 

'  •*'<•  latter  h  not  alwajns  chronic  ami  may  be  slight.— D.l 

that  is  allied  to  ulcus  serjwns  consists  in  the  tJcvclopment  in  the  niid- 
■■  .^l'  cornea  of  a  gray,  disk-8hai>ed  opacity,  whence  the  name  kertUitvi  di9^ 
in  the  center  of  the  disk  a  small,  more  det^ply  clouded  speck  is  commonly 
.„-.^i,..:  ,I1g,  100).  The  periphery  of  the  disk  is  sharply  »JclimitwJ  by  a  border  of 
deeper  ^»y, which  in  many  case»»  Lh  made  up  of  concentric  line«  (Fig.  101),  This  disk- 
ahaped  in^ltrate  never  becomes  yellow  nor  leadiü  to  diöintt^gratitm  of  the  cornea ;  only  ex- 
c«*ptionally  a  small  loss  of  substance  develojjs  over  a  circumscribed  area.  The  irritative 
pympfom?*  are  mostly  not  pronounced,  and  hypopyon  is  absent  orscanty>  The  course 
\%  protracted,  as  it  takes  one  or  more  months  for  the  eye  to  b€?come  free  from  congcatiou 
and  frir  the  infiltrate  to  be  transformed  into  a  corneal  opacity  which  is  permanent. 
In  the  coun*e  of  the  diseasi^  scatteretl,  superficial,  or  deep-fleated  blood-vessels  often 
develop  and  extend  into  the  infiltrate.     The  cauise  of  the  diseaM,  just  aa  in  ulcus  aer- 


260 


TEXT-BOOK  OF  OPHTHALMOLOGY. 


pens,  is  an  infection  of  the  cornea  from  without,  the  central  grayer  speck  representing 
the  point  of  entry  of  the  bacteria.  The  epithelial  lesion  that  precedes  the  infection 
may  often  be  attributed  to  a  slight  injury  and  in  some  cases  to  an  antecedent  herpes 
comese  febrilis;  but  in  very  many  cases  the  cause  remains  unknown. 

Schirmer  has  observed  a  typical  keratitis  disciformis  when  the  cornea  had  been 
hifected  by  vaccine  virus  (keratitis  post-vaccinolosa).  This  occurs  most  frequently  in 
persons  who  in  nursing  children  that  have  been  recently  vaccinated  have  acquired  a 
vaccine-blepharitis  (page  624),  from  which  the  cornea  has  become  infected.  These  cases 
represent,  we  may  say,  a  milder  form  of  the  ulcus  serpens  of  variola  and  are  instructive 
in  two  regards.  They  show  that  without  doubt  the  ulcus  serpens  of  variola  does  not 
originate,  as  was  formerly  supposed,  in  a  metastatic  way,  but  by  infection  from  with- 
out, probably  from  the  lid  margin.  They  further  prove  that  keratitis  disciformis  is 
closely  related  to  ulcus  serpens;  is,  we  may  say,  a  milder  form  of  the  latter,  in  which 
the  inflammation  does  not  go  on  to  suppuration — a  fact  which  probably  depends  on 
the  slighter  virulence  of  the  micro-organisms  that  have  entered  the  cornea. 

Older  authors,  properly  recognizing  the  relationship  of  keratitis  disciformis  to 
ulcus  serpens  (which  they  called  abscessus  comese),  gave  the  former  the  name  of  ab- 
scessus  siccus,  to  denote  an  abscess  in  which  suppuration  does  not  develop. 

Keratitis  disciformis  has  a  certain  resemblance  to  keratitis  profunda  (§  42),  in 

which  also  a  deep-seated  gray,  non-ulcerating  cloudiness  develops  in  the  center  of  the 

cornea.    But  this  is  composed  of  gray  stris 
Fig.  100.  "       '"' 


Fig.  101. 


(•) 


Duo  to  an 


Fig,  100. — Kebatitk»  Dihcipormih. 
erosion  of  the  cornea. 

Fig.  101. — Keratitis  Dihciformih.  Due  to 
herpes  febrilU  comcat.  The  two  luaculse  at  the 
inner  lower  margin  of  the  cornea  arc  on  the  site  of 
a  herpes  eruption. 


and  specks  and  merges  gradually  into  the 
transparent  cornea.  In  keratitis  disci- 
formis, on  the  contrary,  the  opacity  ap- 
pears uniformly  gray  and  only  on  strong 
magnification  is  resolved  into  very  minute 
clear-cut,  white,  closely  packed  dots;  more- 
over, it  is  very  sharply  demarcated  from 
the  healthy  cornea  by  the  gray  circular  line 
along  its  border.  Keratitis  disciformis 
should  not  be  confounded  with  keratitis 
annularis  (see  §  54). 

The    /inti»i7/ir    nhiu^j>M»  <jf    fh^   ^^T' 

usually  occurs  after  perforating  injunesjof 
th,sJaiter,  and  also  after  operations  (especially  cataract  operations).  JNo  noatter^where 
the  corneal  wound  tbai^v^WSe  to  it  is  situated,  it  develops  in  the  central  portions  of 
the  corne^^P/'Sno^^in^whicn  is  con^epTnc  with  the  Embus  anaT^ep^Mt^lTrom 
it  by  a  slightly  cloudy  marginal  zone.  1  to  J  mm.  Droafl.  Ihe'nng  itself  has  about  the 
same  width;  the  central  portions  of  the  cornea  inclosed  by  it  ajce  againl^g^ilgu^y  and 
simply;  gjrav.  not  yellow.  In  ine  next  fpw  fiavs.  however,  ine  vellow  coloration 
over  the^ntire  cornea:  the  latter  disintegrates  completely,  and  generally  panophthalmitis 
ensues.  Here  accordingly  we  have  to  deal  with  an  affection  of  the  cornea  of  a  peculiarly 
fulminating  course,  so  that  it  is  best  to  enu^pftljf  <tt.  nnoe  guoh  an^e^^giASfiftted  thus  with 
annular  abscess.  Annular  abscess  may  be  caused  by  various  bacteria;  most  often  perhaps 
by  the  Proteus  fluoresc^ns  (Hanke)  and  the  bacillus  pvocyyeus.  ^ 

The  treatment  ofidcus  serpens  had  in  general  but  little  success  to  chronicle  until 
Saemisch  [preceded  by  Guthrie]  substituted  the  operation  of  irun^sion  for  that  of  para- 
centesis, of  iridectomy,  etc.,  previously  in  vogue.  In  performing  the  operation  we 
must  take  care  not  to  injure  the  lens  and  not  to  let  the  escape  of  aqueous  take  place  too 
suddenly.  The  hypopyon  is  either  evacuated  spontaneously,  especially  if  the  patient 
makes  pressure  with  his  lids,  or  it  can  be  grasped  by  means  of  a  forceps  introduced 
into  the  wound,  and  drawn  out.  For,  in  ulcus  serpens,  it  is  not  thin  and  liquid,  but  of 
a  tenacious,  viscid  consistence.  In  consequence  of  the  diminution  of  pressure  after 
the  escape  of  the  contents  of  the  anterior  chamber  hemorrhages  often  take  place  from 
the  iris,  which,  already  hyperaemic  before  the  operation,  now  becomes  still  more  dis-^ 
t<*nded  with  blood.  This  distension  of  the  iris  is  probably  the  cause  of  the  violent  pain 
which  regularly  follows  upon  the  discharge  of  the  contents  of  the  anterior  chamber,  al- 
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the  mcisioQ  itself  is  but  little  felt.  Aft<?r  ificiBin^  t!ie  ulcus  serpens  we  aJwaye 
•A  attacbmeQt  of  the  iris  to  the  oomea  during  heuUng,  which,  however,  would  not 
%\^  iwJUksd  to  ocüur,  even  apart  from  the  operation,  in  those  eases  in  wltich  ineiaioii 
i  indicated  at  all, 

Beoeatly  ao  old,  partly  forgotten  procedure  liaa  been  again  brought   into  use. 
Th»  eon^istfi  Ui  scraping  the  iiJcus  ^rpens  with  a  small  sharp  f^[>oon.     1  he  loss  of  sub- 
thus  pfoduced  may  he  brushed  over  with  antiseptic!  substances  or  with  tincture 
^«f  iodine. 

f*rophyIaxü  against  the  formation  of  an  ulcus  serpen»  iß  possible  in  the  sende  of 
our  being  able  t*»  renwve  in  seiison  the  aottrtn?  of  infection,  as^  for  instance,  I  lie  «eeretion 
from  a  diseased  laehr^Tiial  sae.  If,  in  such  a  ease,  a  sinal!  enitsion  of  the  cornea  exist«, 
is  to  be  treated  with  special  care  by  the  applicntion  of  (hsinfectant  reiiiedies. 
In  coaes  of  i^ritAouJi  ulcers  of  the  cornea,  too,  prophylaxies  undertaken  in  seäfion 
oukl  often  prevent  the  intbetion  of  great  injury.  During  an  erupt  itm  of  smallpox 
lids  are  much  swollen,  and  hence  are  not  opened  by  the  patient,  and  even  the 
byaieian  generally  neglect.^  to  look  at  the  eye  from  time  to  time.  In  thai  case,  when 
the  uwelhng  of  the  hds  goes  down  during  the  stage  of  de-siccation  and  the  patient  opens 
his  eyes  again,  the  morbid  process  in  the  cornea  is  often  already  in  progre^s,  and  we  are 
jiaafl  so  much  l>ehindhand  in  undertaking  the  treatment.  Homer,  therefore,  is  right  in 
oding  that  a  phvsjician  treat itig  n  Knidh^rtv  pfiijent  should  prevent  the  aggj^i^lina* 
the  ti»i<  1  >v  applvjnj;  a  pt K'4pA  Nrttearcd  w J t h  ointn>e ri t ,  bIi o uld  cxruninp  th^^  ^yt^M 
'  da3'.  and  sltoiild  cle^tise  tlic  conjtinrtrvui  i^nv  with  »ntiseptic  sohujotLs.  Careful 
iitr}|ing  will  enable  \is  to  recognize  tlie  very  conmvencoment  of  tlie  corneal  dincase, 
uch  m  thcM*  early  stages  pn:'Kents  the  most  favorable  conditions  f^>r  treatment.  At 
tue  wlten  .small p>x  waf>  vct'Y  ^'i«^'^>^p*^^'>-^t  it  formed  one  of  the  most  frerpicnt 
hbmhic^S!^,  Mi  that  alxiut  one  third  of  all  cases  of  blindness  were  guoduccil  l^v 
yince  ömallpox,  owing  to  tne  mtroüuction  of  vaccmatioji,  rias  becfjme  le.ss  preva- 
Tt ,  the  hhndne5>  due  to  it  has  correspcjndingly  diminished.  Thus,  in  France,  l^jjore 
r  mTnti|neiion  of  Vaccination.  .iS  t>er  cent— and  after  its  introduction  7  Per  yent— 
all  tbi  blind  )ost  their  ev^'j^ight  by  reason  of  smallnox  f(^arron  dn  Villftrd«V  In 
•^^a,  tvr'ore  the  intriKhit  tion  yj  roiniuiLstjry  V{iccir>aTion,  35  per  cent— aftei^it^  ^tro- 
2  perTent— of  all  ilie  blind  t>eoi>lc  in  the  country  were  ren Jered  bo  by  sma|^Dox. 


Hl(«ii' 


3.  Keratitis  e  Lagophlhalmo. 

37.  Keratitis  e  lagophtbalmo  originate;?  in  a  defective  covering  of 

cornea  by  tbe  lids.    Tbe  conjunctivu  of  the  eyeball,  wherever  it  lies 

yristuntly  exposed  to  the  air  in  the  open  palpebral   fissure,  appears 

Idencd,  and  generally  somewhat  swollen  as  welL     It  secretei?  a  small 

[lount  of  discharge,  drying  upon  the  conjunctiva  in  crusts»  which  not 

fifi*  ntly  also  cover  the  exposed  portion  of  tbe  cornea.     The  latter 

I  to  be  dry  on  the  surface,  dull,  sliglitly  depressed,  and  at  the 

same  time  clouded  and  gray.     In  the  subsequent  course  of  the  disease 

be  cloudiness  becomes  more  and  more  intense,  until  finally  disintegra- 

Son  of  the  superficial  layers  of  the  cornea  takes  phice,  with  the  conse- 

|uent  formation  of  an  ulcer  (Fig,  102).     At  the  same  time  there  is  iritis 

ith  hypopyon.     The  ulcer  may  heal   without   perforation,  but  leave 

opacity  behind  it,  or  it  may  perforate  the  cornea,  and  thus  lead  to 

elapse  of  the  iris,  or  even  to  panophthalmitis. 

The  caw^c  of  keratitis  e  lugophtbalmo  is  the  desiccation  of  the  cor- 

"nea  in  con^sequence  of  tlie  defective  closure  of  tbe  lids  (lagophtbalmus). 

Owing  to  this  desiccation  tbe  corneal  epithelium  becomes  fissured  and 
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desquamates  in  spot.s.     Then  gernis  migrate  into  the  corneal  lamellae 
thus  exposed,  ;ind  produce  suppuration  (Fig.  103), 

The  defective  closure  of  the  lids  arises  either  from  mechanical  ob- 
stacles, such  as  contraction  of^jj^g  lids,  marked  protrusion  of  the  eye- 


\J'. 


Fto.   102.— L,.., .   .    K„„..„...  V,  ,i ,-, 

A»  a  result  of  a  hpak'il  fant"<  uf  \\\v  upper  and  lower  marffin:^  uf  ihe  urbit,   lagophlhiLlrnu»  had  de- 
veloppd  with  lefiLropiion  of  the*  lower  lid.     Ttnf  ««kin  of  th^  upp^r  luJ  b^low  tin*  rnindle  portjun  of  the 
eyebrow,  is  drawn  up  towiitd  the  upper  margin  of  tiie  orbit  mi  J  \»  attacbefJ  to  llie  latter   by  a  soar 
Otie  ctin.  lgnK>     Aü  a  result  uf  \,\\i»  th<?  free  hor<ler  of  the  lid  i"  dniwii  up  at  itji  central  portion,  bat, 
what  ii*  of  luortt  importance.  th(^  lid  is  prevented  from  iDOJni?  down  when  the  attempt  \»  madie  to  doM 
the  eye*.     There  is  a  i^erond  wear  at  the  outer  end  of  the  lower  margin  of  the  orbit.     This,  indeed«  U 
concealefl  by  the  margin  of  the  lid,  but  by  palpation  throw^h  the  hd  it  can  be  made  out  that  there 
\b  an  irreinilar  nolehinK  of  the  otberwiM?  sharp  and  smooth  orbital  marRin.     At  the  -ame  tpot.  the  bor- 
der of  the  lid  i»  attached  to  tVie  bone  and  in  iiuch  a  way  that  the  entire  ltd  i*  drawn  outward  and  down-  , 
I  ward  and  everted,  particularly  in  itn  outer  half,  i*o  that  her©  the  conjunctiva  of  the  tars^ufl,  bein^  ex- 
poeed  to  the  air,  in  particularly  swollen  ami  re<ld^neil,  and  consequently  appearH  tlark  in  the  drawing.  1 
Tlie  lower  lid.  beinv  fantcned  down,  cannot   bt*  rai«ie<l  when   ihe  attempt   \^  made  to  chwe   the  ey*»*. 
Hence,  even  in  nleep  the  lower  part  of  the  cornea  betwt*en  the  two  fid«  remain»  nneovered.     Thi* 
part  of  the  eomea  pre-^ents  an  oblong  ulcer  with  yetlowinh- white  border  and  nn  excavate!<l  and  bene«  ' 
BOCQewhai  darker  center.     Above  and  below,  an  areolate  (gray  opacity  arl joins  the  yellow  moreio  of  J 
the  tilocr. 


^-^"-^-"•'  rwv?[iTfcfes2.  Ji 


Flti,    103. KlIUATITtl»    t    LAtWPtn^ltALMO. 

Vertical  section  throuffh  the  lower  part  of  the  cornea.    The  epithelium,  c,  ha>  been  retained  only  ' 
in  the  neifithborhoud  of  the  hm bus,  but  over  the  dried  portion  cd  tTie  cornea,  tf.  tt  has  been  exfoliated  i 
ThjH  portion  of  thu  cornea  i<4  necrotic,  anrl  no  longer  di^Iayi«  any  ^^laiued  celUnuclei.     Under  il  ther» 
b  an  infiltration  of  the  cornea  with  pn;*  c<irpn»«cleÄ.     Thii  in  tilt  nitron  increawH  rapidly  toward  ih«  \ 
lower  margin  of  the  cornea,  here,  at  h,  h&s  alrc^mly  caui4ed  by  liquefaction  of  the  li>ti>ue  a  ^mall  hxi»  of 
aubtiLanoe,  and  wnuld  later  lead  to  eliminatioti  of  the  entire  ma.-«.*',  u,     Belnw  6.  a  le**  marked  iuhltra- 
tion  e.ttends  ic^  the  lower  mari^in  of  the  cornea.    Thia  corre«5pondü  to   tb*   gray  areola  whuh   aiijoma  i 
the  yollfjw  horder  (Fi«.  102).     Inhere  \^  fyrtherrnore  an  infiltration  of  the  cornea  with  pus  cells  o«  the 
poHterier  s^urface,  h  h.     Tbi»  at  prKtent  is  inconsiderable,  but  in  the  subsequent  cour-^e  wouhl  increa*« 
just  like  the  infiltration  on  the  anterior  .surface,  and  by  arrowing  out  to  meet  thi*,  would  co-operate  ^ 
with  it  in  producing  the  perforation  of  the  oomea. 


ball.  etCt  or  from  paralysis_of_the  orbicularis  prAlpebrarun^  In  high 
degrees  of  lagc^phthahnus  tlie  cornea  is  uncovered  all  the  time;  in 
lifijhter  cases,  on  the  contrary,  in  which  the  closure  of  the  lids  is  not 
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^blebut  only  impeded,  the  danger  of  desiccation  taking  place  is 
ly  present  during  bleep.     In  daytime,  owing  tu  the  feeling  of 
dryness  of  the  cornea,  the  act  of  winking  is  pretty  frequently  excited 
through  reflex  action,  and  thus  the  cornea  is  repeatedly   moistened. 
But  in  sleep  the  reflex  winking  of  the  lids  is  absent,  and  hence  the  cor- 
nea Is  unnioistened  by  this  meiins  and  becomes  dry  wherever  it  lies  ex- 
used  in  the  open  palpebral  fissure.    The  desiccation  in  this  case  always 
eels  the  lowermost  part  of  the  cornea,  because  in  sleep  the  eyeball  is 
turned  upward,  and  hence  the  lower  part  of  the  cornea  lies  in  the  pal- 
bral  fissure.     Here  then  an  ulcer  is  produced  which  extends  beiow 
lar  as  the  margin  of  the  cornea,  while  above  it  reaches  a  greater  or 
distance»  according  to  the  extent  to  which  the  cornea  is  uncovered, 
d  ends  in  a  horizontal  border. 

The  same  desiccation  of  the  lowermost  portion  of  the  cornea  occurs 

hen  the  hds  remain  incotupletely  closed  because  the  consciousness  is 

clouded,  as  is  the  case  in  oei-soni^  j^h**   in  severe  diseases,  lie  utH-onscinus 

TofT long  tjjne.    If  such  patients  escape  with  tlieinives»  they  may  liave 

ipacilie^  Ol  the  cornea  in  both  eyes  in  consequence  of  keratitis  e  lagoph- 

ihalnio,  or  they  may  even  lose  their  eyes  altogetlier. 

i'  The  treatment   consists   in   taking   care   that    the   cornea  shall    Ije 

0vered  by  the  Hds.     In  this  way  the  development  of   a   keratitis   is 
prevented  by  prophylaxis,  or,  if  a  keratitis  already  exists,  the  chief  con- 
Btion  is  afforded  for  its  cure.     We  must  accordingly  initiate  tl»e  proper 
reatment  for  the  cure  of  the  lagophthalmus  {see  J   113),  and  in  the 
Deantime,  until  a  cure  has  been  acconiphshed,  take  pains  to  effect  a 
»effect  clt>sure  (jf  the  lids  by  means  of  a  properly  aj)plicd  bandage.     In 
hght  cases  of  lagophthalmus  It  is  sutlicicnt  to  keep  the  eye  bandaged 
I       through   the   night    only.      But.  if   the   higoplithahnus   is   considerable, 
I       or  if  keratitis  ha.^  already  set  in,  the  eye  must  be  kept   bandaged  all 
e  time.     If  the  treatment  is  initiated  early,  the  prognosis  is  good, 
lasmuch  as  the  process  comes  to  a  standstill  as  soon  as  the   desic- 
►tion  of  the  cornea  is  arrested* 


4.   Keratomalaeia* 

38.  Symptoms  and  Course,  -  KeTatomalacia '-  occurs  only  fi  f-hihL 
bood.  The  disease  begins  with  njglit  blindiios  (herneralopia).  This 
consists  in  the  patient's   visual  p^iwer  being   perfectly  grntd  in   bright 

iylight,  but  so  very  greatly  reduced  when  the  illumination  is  dimin- 

Bhed  (e.  g.,  in  twilight)  that  he  is  often  no  longer  in  a  state  to  go  about 

Jone.     In  very  small  children  who  lio  not  go  about   alone  yet,  this 

^mpjtom  naturally  can  not  be  made  out.     In  such  children,  the  first 

txing  that  strikes  us  in  the  dryness  of  the_coniunctiva.  which  next  de- 
relope?,  and  which  appears  under  the  form  of  triangular  xerotic  spots 


1*  Suftetuim  of  the  ooroea,  from  [«^p«f,  horn,  aod  ]  ^aXam6f,  soft. 
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on  both  sides  of  the  cornea  (see  page  206).  The  conjunctiva  in  these 
spots  is  covered  with  a  fine  white  substance  like  foam,  and,  as  the  lach- 
rymal fluid  can  not  moisten  it,  looks  as  if  smeared  with  grease.  The 
dryness  extends  rapidly  over  the  rest  of  the  conjunctiva  and  also  over 
the  cornea.  The  latter  becomes  dull,  insensitive,  and  uniformly  cloudy. 
Soon  the  cloudiness  in  the  center  of  the  cornea  increases,  a  gray  infil- 
trate forming  there.  This  spreads  rapidly,  takes  on  the  vellow  color  of 
pus,  and  terminates  in  the  disintegration  of  the  cornea — a  disintegra- 
tion which,  in  bad  cases,  may  take  place  within  a  le\v  hours.  In  the 
beginning  the  affected  eye  is  not  discolored;  afterward,  when  the  cor- 
nea is  already  greatly  involved,  there  appears  about  the  latter  a  dusky 
venous  injection.  The  lachrymal  secretion  is  not  increased,  but  rather 
diminished;  moreover,  other  symptoms  of  irritation,  like  photophobia 
and  blepharospasm,  are  slight  or  are  wantinp;  altogether.  The  striking 
contrast  bet weenT^he  severity  of  the  corneal  affection  and  the  insignifi- 
cance of  the  accompanying  symptoms  oJ.  irritation,  together  with  the 
3s  of  the  eve,  stamps  thft  HisftA^^.  with  omte  a  peculiar  character. 


dryness       

This  affection  usually  attacks  both  eyes. 

Children  suffering  from  keratomalacia  show  a  disturbance  of  the 
general  condition,  which  is  generally  pronounced  even  before  the  out- 
break of  the  eye  trouble,  and  which  afterward  grows  still  greater.  The 
children  become  strikingly  apathetic,  have  diarrhoea  alternating  with 
constipation,  become  rapidly  emaciated,  and  often  ultimately  die  either 
from  exhaustion  or  from  a  complicating  bronchitis  or  pneumonia. 

The  prognosis  in  very  small  children  is  bad,  as  in  most  cases  they 
lose  not  only  their  eyes,  but  their  lives  as  well.  In  somewhat  older  chil- 
dren the  disease  runs  a  less  severe  course,  so  that  they  escape  with  their 
lives  and  get  off  with  smaller  or  larger  cicatrices  of  the  cornea. 

Etiology. — Keratomalacia  is  the  result  of  insufficient  nutrition  of 
the  cornea.  From  this  there  results  a  necrosis  either  of  the  epithelium 
alone  or  of  the  corneal  lamellae  themselves,  and  following  this  in  turn 
is  an  pntTAnpp  of  liftfit^ri«  from  without  and  hence  suppuration.  The 
reduction  in  the  nutrition  of  the  cornea  is  only  one  of  the  symptoms  of 
a  serious  disturbance  of  general  nutrition  which  also  shows  itself  in  the 
associated  hcmcralopia.  [The  condition,  in  fact,  is  analogous  to  the  much 
less  serious  idiopathic  hemeralopia  occurring  in  adults  and  due  likewise 
to  general  disturbances  of  nutrition  which  diminish  the  sensitiveness  of 
the  retina  to  light. — D.]  (Page  598.)  Hence,  keratomalacia  develops,  as 
a  rule,  in  consequence  of  enfeebling  influences  affecting  the  children, 
and  acting  detrimentally  upon  their  nutrition.  Among  these  influences 
belong  insufficient  or  unsuitable  nourishment  (rearing  of  children  by 
hand),  severe  diseases  like  scarlet  fever,  measles,  typhus,  etc.,  and 
particularly  hereditary  syphilis.  The  disease  occurs  in  Russia  much 
more  frequently  than  with  us,  as  there  it  attacks  infants  during  and 
after  the  time  of  the  great  fast,  because  during  this  period  the  mothers 
lose  their  milk  in  consequence  of  fasting.      For  a  similar  reason  it  is 
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lurntly  observed  in  Brazil  among  the  badly  nourished  ehildrfii  of 
thf*  negro  slaved!.  In  exceptiüiial  cai^e.s^  ehildren  previously  healthy 
lire  from  some  imknowTi  cause  attacked  by  keratonialacia,  to  which 
eumjes  a  rapid  decline  of  streng:th  with  a  fatal  issue.  True  keratomalacia 
docs  not  occur  in  adults»  althoup:h  the  kiml  of  hemeralopia  that  occurs 
with  xeroe^is  of  the  conjunctiva  and  also  the  marantic  ulcer  of  the  cornea 
(«ec  p>age  249).  which  hkcwise  tx-curs  cliietly  in  jKJorly  nourished  pers(»ns, 
may  be  a  milder  fonn  of  the  same  disease. 

The  chief  taak  that  treatment  has  to  accomplish  is  to  support 
ibe  cliild's  strength  by  means  of  litting  nourishment.  In  addition 
we  mii8t  try  to  stimulate  the  vitality  of  the  tissue  of  the  cornea,  a 
thing  beat  performed  by  means  of  moist  and  warm  compreÄse^  placed 
mipoo  the  eyes.  If  the  apathetic  little  patients  do  not  close  their  lids 
properly,  the  corneae  must  be  protected  from  desiccation  by  band- 
mgiüg  the  eye. 

5,  Keratüü  Neuroparali^tiai, 

S^,  Symptoms» — In  this  affection,  which  occurs  in  consequence  of 
paralysis  of  the  trigeminus,  the  cornea  becomes  cTulJ  and  >[igMly  (loiidy. 
Titic*n»  beginning  in  the  center  of  ihe" cornea,  a  deprcssiun^imvs  itself 
in  the  epithenünTas  if  the  latter  in  that  spot  had  been  exfoliafed.  This 
depression  ^^preads  morf^  nod  more  ixTiyibf^r^illv  until  finally  the  only 
ptjrtion  of  epithelium  that  is  left  of  normal  thickness,  is  a  strip  2  to  3 
mm.  broad  at  the  margin  of  the  cornea.  This  gives  the  cornea  quite 
Ä  peculiar  appearance,  such  as  is  found  in  no  other  disease  of  it.  In 
the  meantime  the  cloudiness  of  the  cornea  also  has  increased.  Thie 
18  most  marked  in  the  center,  and  there  is  uniformly  gray;  toward 
the  margin  it  gradually  decreases,  and  may  be  resolved  by  the  magni- 
fying glass  into  separate  maeulse.  Subsequently  the  hue  of  the  cloudi- 
ness becomeii;  yellowish,  hypopyon  _sets  in,  and  ultimately  the  cornea 
JDJt^  center  breaks  down  intn  pus.  Thus  a  large  ulcer  forms,  whieh 
ricatnze.s  with  inclusion  of  the  iris,  and  generally  with  flattening  of 
the  entire  cornea.  Not  all  cases,  however,  run  so  severe  a  course; 
the  keratitis  may  get  well  without  the  occurrence  of  any  purulent 
disintegration  of  the  cornea,  although  there  a!wa_>^  remain  an  opac- 
ity of  considerable  dimensions,  and  often,  besides. "ä  "natlening  of  ^he 
cornea. 

The  course  of  the  disease  is  shm,  and  is  characterized  by  the  slight- 
nei^s  of  the  a.^sociated  svni]>toms  of  irritation.  There  is.  indeed,  marked 
dUary  injection  but  no  lachrvmqtion.  since  the  secretion  of  the  lachiy- 
ami  gland,  due  to  reflex  action,  is  diminished  or  abrogated.  Owing  to 
the  coincident  paralysis  of  the  jrigerninus,  pain  obviously  is  altogether 
atisef^ .  ^ 

The  prognosis  is  unfavorable,  treatment  having  very  little  influence 
on  the  course  of  the  disease,  which,  whether  the  formation  of  ulcers 
does  or  does  not  take  place,  leads,  almost  witht^ut  exception,  to  the 
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te«l  QftUM  of  kemtitis  neuroparalytica.  Such  a  came  h  found  in  a  disturbance  of  nutri- 
tioa  of  the  corner  (and  pariiculiixly  of  its  epitheliiirn)  prfMiucud  by  the  las8  of  inDerva- 
tiuti.  As  a  result  of  thia  disturbance  of  nutrition  the  resisting  fx>wer  of  the  cornea  is  so 
rcduoed,  that  the  latter  la  thrown  into  a  diseased  condition  by  external  inlluenct^  which 
are  80  »light  that  a  normal  eye  wuuJd  not  have  been  lujured  by  ( hem.  (Similarly  in 
tieint|ilt!igia  a  bedsore  sometimes  develops  with  extraordinary  rapidity  on  the  aide  which 
ii  fiHtalysed,  and  m  alisent  on  that  which  is  not,  although  it  \b  exposed  to  the  same 
preMun»  as  the  other.)  That  keratitis  does  not  develop  in  all  cases  of  trigeminal  paraly- 
M  10  no  proof  of  the  contrary  of  what  is  here  stated. 

The  C!onfounding  of  the  three  forms  of  keratitis — keratitis  e  lagophthalmo,  keratitis 
Deuropandytica,  and  keratonxalacia— with  each  other  has  been  favoretl  by  the  fact  that 
ihcy  display  various  features  in  common.  Among  thesQ  are  the  dryness  which  the  eye« 
ibit,  and  also  the  insignificance  of  the  irritative  symptoms  in  comparison  with  the 
verity  of  the  keratitis^  an  insignificance  shown  in  the  absence  of  increased  lachrymal 
ion,  of  blepliarospasm,  and  often  also  of  pain.  And  yet  the  dryness  of  ike  eyes  in 
three  forms  of  keratit is  is  to  l>e  referred  to  very  different  causes, 
(a)  In  keratitis  e  Lagopfithalmo  an  actual  desiccation  of  the  cornea  from  cvapora- 
iion  exists.  It  affects  only  the  exposed  jxjrtion  of  the  cornea,  and  may  Ijc  relieved  by 
tkmum  of  the  hds.    The  desiccation  in  this  case  is  the  one  cause  of  all  the  subsequent 

(by  In  keratomalacia  the  cornea  ia  not  actually  dry,  but  only  lofiks  so,  because 
the  lachrynsal  fluid  does  not  adhere  to  ita  surface.  This  dry  appearance  is  present 
fven  when  the  eye  is  swimming  in  tears  or  wiien  it  is  kept  constantly  cloee<l;  evi- 
dently, bandaging  is  of  no  eflTect  against  this  sort  of  drj^ness.  It  is  caused  by  the  fatty 
ehafactt^r  of  the  epithelial  surface,  which  consec|uently  is  not  wetted  by  the  lachry- 
mal  fluid. 

(c)  Id  keratitis  neuroparalytica  there  is  neither  real  desiccation  of  the  cornea,  aa 
in  keratitis  e  lagophtFmlmo,  nor  a  peculiar  fatty  condition  of  its  surface,  as  in  kerato- 
malacia;  on  the  contrary,  the  eye  looks  drj'  simply  because^  in  spite  of  the  marked 
_^flMfinia1ion  of  the  cornea,  the  lachrymation,  wiiich  we  uaually  see  imder  the^e  cir- 
in  olhor  cases,  is  absent.  The  secretion  of  tlie  lachrymal  gland  is  in  fact 
or  altogether  abrogated;  nevertheless^  the  moistctiing  of  the  e}^  is  quite 
•nf,  as  indeed  it  is  after  extirpation  of  the  lachrj^mal  gland. 

*he  atmt^fir^  of  morkM  st/mptanis  of  irriiututn,  wliich  characterises   tht»se  three 

of   keratitis,  is  accounted  for  in  the  keratitis  e  lagophthalmo  of  %'cr>^  sick 

and  in  keratomalacia  by  the  general  depression  of  the  vital  forces,  and  in  kera- 

neuroparalytica  by  the  insensitiveness  of  the  eye.    The  irritative  symptoms,  w^hich 

otbi^r  ca#es  are  put  in  action  through  reflex  impulses  originating  in  the  sensory 

i,  are  atwent  in  the  case  «f  paralysis  of  tlie  t  rigeniinus. 

three  forms  of  keratitis  are  hence,  in  spite  of  their  external  similarity,  entirely 

ferrint  from  each  other,  and  can  lie  readily  ditTcrentiated  by  the  clinical  picture 

tht*y  present.    Kemtitis  e  lagoplühalmo  occuiiics.  ü.s^a  rule,  the  lowermost  part 

"irnea.    Kerntnn>riT:^ici;i  l>egins  in  tTic  rcTiter  of  the  ^ornea.  and  ia  ft>uni)  or^Jv  in 

who  are  the  .sui>joits  «»f  n  rapitl  A-flirj^^  |>f  pntipifion      Finally,  keratitis  lu-uro- 

IS  ckaracterized  a1>ove  all  by  the  rapid  exfoliati€>n  of  et>it helium  over  the 

»  extent  of  the  cornea,  and  does  not  occur  except  Jn  conjunction  with  a  trigemi- 
nal r>aralysis  which  can  l>e  diagnostif'atc^L^^T  ont-p 

The  confitHjon  lx»tween  the  tlirec  vnri«.(U\'^  of  keratitis  just  descril>ed  is  further- 
favored  by  their  nomenclature.     The  designation  keratitis  xerotica,  chosen  by 
Fmier  for  the  keratitis  of  desiccation  (Iteratitw  e  lagr>phthahno),  would  l>e  quite  a  good 
^  if  it  did  not  lead  to  conftLsion  with  simple  local  xeroeis  of  tlie  cornea  on  the  one  hand 
on  the  other  with  keratotnalacia,  in  which  xcnjsis  of  the  conjutictiva  and  cornea 
«wise  exist«.    And,  as  a  matter  of  fact,  stmie  authors  designate  keratomalacia  under 
^  name  of  keratitis  xerotica.     In  order  to  avoid  this  confusion,  I  have  dropped  the 
»on  keratitis  xerotica  altcjgether;   and  as  I  do  not  wish  to  increase  the  number 
^     9is  still  further  by  the  invention  of  a  new  name,  I  use  the  old  expression  kera- 
I  c  la^phthalmo  for  tlie  keratitis  of  desiccation. 
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B.  NONSUPPURATIVE  KERATITIS, 

(a)  Superficial  Forms. 

1.  PanniLS. 

40.  Pannus  consists  in  the  new  formation  of  a  tissue  resembling 
granulations  beneath  the  epithelium  of  the  cornea.  Pannus  is  to  be 
looked  upon  as  an  affection  of  the  conjunctival  layer  of  the  cornea  (con- 
junctiva corneae,  see  page  124),  and  in  every  instance  is  simply  one  of 
the  symptoms  of  a  conjunctival  disease — that  is,  either  of  conjunctivitis 
trachomatosa  or  conjunctivitis  eczematosa.  We  hence  make  a  distinc- 
tion between  pannus  trachomatosus  and  pannus  eczematosus.  For 
further  particulars,  see  under  these  two  diseases  of  the  conjunctiva. 

2.  Keratitis  with  the  Formation  of  Vesicles. 

Vesicles  on  the  cornea  are  generally  small,  and  are  filled  with  a 
limpid  liquid.  Their  anterior  wall  is  very  frail,  for  it  is  formed  simply 
by  the  epithelium  of  the  cornea,  which  is  lifted  up  from  Bowman's  mem- 
brane by  serum.  More  rarely  larger-sized  blebs  (buUse)  occur,  the  an- 
terior wall  of  which  then  generally  consists  of  new-formed  connective 
tissue  (Fig.  104)  in  addition  to  the  epithelium,  and  is  hence  more  resistant. 
The  small  vesicles  are  ordinarily  present  in  some  numbers,  while  the  large 
blebs  generally  occur  singly.  Violent  symptoms  of  irritation,  such  as  cili- 
ary injection,  lachrymation,  photophobia,  and  more  especially  great  pain, 
are  usually  pf^ent  during  the  development  of  the  vesicle.  These, 
doubtless,  are  caused  by  the  pulling  upon  the  corneal  nerves  which  pass 
into  the  epithelium,  and  which,  in  the  process  of  formation  of  vesicles, 
are  first  stretched  and  finally  torn  in  two.  The  irritative  symptoms 
ordinarily  disappear  with  the  rupture  of  the  vesicles.  This  occurs  so 
quickly  in  the  case  of  small  vesicles  that  we  generally  do  not  get  a  sight 
of  these  themselves  at  all,  but  only  of  the  subsequent  small  epithelial 
defects,  to  the  margins  of  which  the  detached  epithelium  still  adheres 
in  loose  shreds.  The  large  blebs,  on  account  of  the  greater  firmness  of 
the  anterior  wall,  are  of  longer  duration.  They  are  not  tightly  distended, 
but  form  a  lax,  tremulous,  somewhat  dependent  sac.  After  their  rup- 
ture the  lax  anterior  wall  still  lies  upon  the  cornea,  and  can  be  readily 
made  out  by  the  way  in  which  it  can  be  displaced  by  movements  of  the 
lids.  The  sensitiveness  of  the  cornea  to  touch  is  ordinarily  diminished 
or  entirely  abrogated  in  the  cases  with  vesiculation. 

There  are  the  following  varieties  of  keratitis  with  vesiculation: 
(a)  Herpes^^  Fehrilis  Corneae  (Horner). — In  febrile  diseases,  espe- 
cially of  the  respiratory  organs  (most  frequently  in  epidemic  influenza, 
next  oftenest  in  bronchitis,  pneumonia,  ordinary  influenza,  etc.),  less 
frequently  in  other  febrile  diseases,  like  typhoid  fever,  intermittent 

1«  From  «pir«i»',  to  creep. 
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I  etc.,  small  vesicles  often  make  their  appearance  on  the  lips»  the 
»f  the  nose,  the  eyelids,  the  ears,  etc.  '*  At  the  same  time  an 
eruption  of  small  transparent  vesicles,  which  are  associiited  with  violent 
symptoms  of  irritation,  may  occur  upon  the  cornea.  The-se  are  scarcely 
the  size  of  a  pin's  head,  and  are  often  disposed  in  rows  or  in  groups» 
The  vesicles  very  speedily  rupture»  leaving  «small  abrasions,  the  floor 
of  which  shows  a  faint  opacity.  Generally  these  abrasions  soon  heal, 
so  that  after  two  or  three  weeks  the  disease  is  over,  without  leaving 
any  lasting  opacity  of  the  cornea.  In  severe,  and  especially  in  neg- 
lected, cases,  however^  large  corneal  ulcers,  which  not  infrequently  have 
a  branching  form  (keratitis  dendritica,  set^  page  248),  may  develop  from 
the  small  abrasions. 

There  is  no  doubt  that  the  vesicles  upon  the  cornea  are  entirely 
analogous  to  those  that  develop  upon  the  skin.  Just  as  the  latter  are 
generally  present  only  upon  one  side  of  the  face,  so  also  the  affection 
of  the  eyes  is  usually  unilateral  in  its  development,  and  is,  moreover» 
confined  to  the  same  side  as  the  vesicles  upon  the  face.  With  careful 
treatment  the  prognosis  is  good,  as  in  that  case  the  disease  generally 
gets  w^ell  without  leaving  any  opacity.  The  treatment  is  purely  symp- 
tomatic, being  that  which  is  indicated  for  corneal  ulcers  generally — 
that  is,  in  the  main,  the  employment  of  a  protective  bandage  and  of 
atropine. 

(ß)  Herpes  Zoster  Cornem. — This  is  one  of  the  symptoms  of  herpes 
ster  **  ophthalmicus— that  is,  zoster  which  is  locahzed  in  the  ref!;ion 
distribution  of  the  trigeminus  (see  the  section  on  Diseases  of  the 
Ids,  §  107),  The  cornea  participate.^  in  the  morbid  process  by  form- 
small  vesicles,  which  generally  are  arranged  in  groups  and  rupture 
Bdily,  as  in  the  ease  of  herpes  fcbrilis.  From  the  latter,  however, 
ferpes  zoster  is  distinguished  by  running  a  considerably  severer  course, 
ince  the  irritative  symptoms  persist  after  the  rupture  of  the  vesicles, 
the  parenchyma  of  the  cornea  becomes  deeply  clouded  at  the  spots 
where  the  vesicles  w^ere  situated,  and  iritis  is  added  to  the  other  symp- 
toms. Sometimes  a  regular  keratitis  profunda  develops  (J  42),  It 
takes  a  longer  time  for  the  opacities  to  disappear,  nor  is  it  always  the 
that  they  disappear  completely.  The  insensitiveness  of  the  cornea 
touch  is  especially  pronounced  in  herpes  zoster.  Reduction  of  the 
lltra-ocular  tension  not  infrequently  exists  so  long  as  the  inflammation 
i  still  recent;  in  other  cases  increase  of  tension  sets  in.  The  prognrisis 
this  variety  of  herpes,  from  what  has  just  been  said,  is  less  favorable 
lian  that  of  herpes  fehrilis;   the  treatment  is  the  same. 

(r)  Keratitis  Vvsieulosa  (it  Bullosa).— This  variety  occurs  in  eyes 

be  cornea  of  which  is  more  or  less  clouded  and  in.sensitive;  in  eyes  with 

large  corneal  cicatrix,  or  eyes  which  have  been  rendered  blind  by 

ido-cyclitis  or  by  increase  of  tension.     In  such,  with  the  accompani- 


u  «gifdl»  cruptiott,  from  C*<rn)>,  Kirdle.     We  also  speak  of  it  as  toam  ophthalmioa. 
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ment  of  violent  inflammatory  symptoms,  either  vesicles  which  are  small 
and  of  short  duration  form  upon  the  cornea  (keratitis  vesiculosa),  or 
large  tremulous  bullae  may  develop,  which  last  for  several  days  before 
they  rupture  (keratitis  bullosa;  Fig.  104).  In  all  cases  the  vesicles 
show  a  great  tendency  to  take  on  frequent  recurrences,  in  each  of  which 
the  irritative  symptoms  set  in  anew. 

The  cause  of  the  formation  of  vesicles  appears  to  lie  in  the  abnormal 
conditions  of  lymph  circulation  that  are  without  doubt  present  in  such  eyes. 
By  stasis  of  the  lymph  oedema  of  the  cornea  is  produced;  the  cedematous 
fluid  penetrates  forward  until  it  gets  beneath  the  epitheliimi,  and  then 
lifts  the  latter  up  in  spots  from  Bowman's  membrane. 

The  prognosis  is  so  far  unfavorable  in  that  the  disease  frequently 
recurs,  od  which  account  the  affected  eye,  besides  being  useless  for  pur- 
poses of  vision,  is  the  source  of  constant  discomfort  to  the  patient. 


Fig.  104. — Keratitis  Bullosa.     Magnified  92  X  1. 

The  small  vesicles  of  herpes  corneee  are  produced  by  detachment  of  the  epithelium  alone  from 
Bowman's  membrane,  and,  since  the  corneal  epithelium  is  quite  delicate,  are  very  evanescent.  On  the 
other  hand,  the  larger  bullae  in  keratitis  bullosa,  form  in  comeao  which  have  been  already  diseased  and 
in  which  there  has  been  a  new  tp-owth  of  fibrous  connective  tissue  between  the  epithehum  and  Bow- 
man's membrane.  This  connective  tissue  is  detached  together  with  the  epithelium  by  fluid  and  gives 
greater  stability  to  the  anterior  wall  of  the  bulla.  The  above  figure  is  taken  from  an  eye  rendered 
blind  by  irido-cyclitis.  Bowman's  membrane,  b,  covering  the  stroma  of  the  cornea,  S,  is  stained  dark 
becatise  it  is  filled  with  lime  granules  corresponding  to  the  zonular  opacity  of  the  cornea  which  is  present 
(g  45).  The  epithelium,  E,  is  detached  over  the  area  of  half  a  millimetre.  At  the  highest  pcunt  of 
the  bulla  it  is  tnin,  and  on  its  posterior  surface  lies  the  new  formed  connective  tissue,  n. 

Treatment  should  aim  at  relieving  the  condition  of  irritation  produced 
by  the  eruption  of  vesicles,  and  at  preventing  the  recurrences.  The 
former  object  is  attained  by  opening  the  vesicles,  the  smaller  ones  being 
pricked,  and  in  the  case  of  the  larger  ones  the  anterior  wall  being  re- 
moved. When  the  vesicles  recur  frequently  at  the  same  spot  we  must 
try  to  modify  the  character  of  the  base  from  which  they  develop.  We 
remove  the  epithelium  and  also  any  deposit  that  may  chance  to  be  present 
in  Bowman's  membrane  by  shaving  off  the  most  superficial  layers  of  the 
cornea,  which  we  then  paint  with  tincture  of  iodine.  If  nevertheless  recur- 
rences set  in  we  may,  in  order  to  obtain  a  deeper  effect,  cauterize  the 
surface  of  the  cornea  lightly  with  the  galvano-cautery  loop.  Sometimes  we 
can  check  the  recurrences  only  by  an  iridectomy;  and  we  may  actually  have 
to  enucleate  the  eye  in  order  to  give  the  patient  ease. 

Apart  from  the  forms  above  described,  the  formation  of  vesicles  upon  the  cornea 
is  further,  in  rare  cases,  observed  under  special  conditions — e.  g.,  as  a  result  of  the  action 
of  various,  and  particularly  of  corrosive,  substances  upon  the  cornea,  after  bums, 
after  a  catai-act  operation  beneath  the  bandage,  etc.    For  the  vesicles  that  usher  in 
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&f*^  fi^ruFfenoeö  of  former  eroeions  of  the  cornea  (page  288).  Cases  also  occur  in  which, 
n  >wn  caiwe,  there  develop  upcm  a  perfei-tly  iuiund  cornea  vesicles  or  bulke 

III*  iin  of  which  w©  are  tncliDedl  to  attribute  in  nervous  iiiliuencee,  as  we  do  abo 

m  tbe  caae  of  herpei»  febrilis  aud  lier^Hss  isuf^ter.  Vnaes  of  ihm  son  are  uäually  charac- 
lemed  by  periodical  rocurrenee.  One  old  lady  for  twelve  yearn  sutTered  froni  occasional 
»ItAcki*  of  intlHniriiaiion  in  her  eye»,  which  otherwiiae  were  sound.  The  iiiflönunation 
oceurred  ontx*  or  twice  a  year,  and  affected  sumethneö  one  eye,  sometin^iea  the  other. 
It  waa  asBociated  with  violent  pain,  great  photophobia,  and  prof  Ose  lachryruation. 
Lq  tlie  finit  days  of  tJio  attack  the  only  things  found  were  a^denia  of  the  lids,  great 
ciliary  injection,  and  a  cornea  covered  with  minute  elevations,  as  if  it  had  been  strewn 
with  »:*nd.  I  hen  a  large  iraiü^parent  bulla  developed  ujxin  the  corneal,  after  the  rup- 
ture of  which  the  infUnintatory  syniptonia  rapidly  abated  and  the  epithelial  defect 
hftaled  without  leaving  a  trace  bt^hmd. 

A  (onn  of  superficial  kenititis  which  is  related  to  hcrpo-s  fel>rilis  cornea?,  but  is 
ooi  afisociat«d  with  the  formation  of  vesicles,   is  keratilis   punrtfi(^i  superitcmlü.     It 
begins  with  the  gvTnntonta  of  an  acnto  rontunr*"^**^"      Either  at  the  samc^  time  or  not 
tili  **inu»  dayt<  or  wfs'kst  afterward  tlifre  arc  obscrvcnl   extremely  minute  dots  which 
«ran  Ik^  «*ec*n  only  with  a  magnifying  glass  an^l  which  within  a  few  days  grow  to  form 
faitit  Rniy  round  spole  (Fig.  1 10),    Themse  are  sometimes  only  ten  to  twenty  in  tmtnbcr, 
aMOeilRics  vrry  abundant —upward  of  a  hundred.     As  in  the  case  of  herpes   febrilis 
tliflse  arc  oft4?n  arrang«»«!  in  grouj»«  or  in  short  rows. 
In  fvery  case,  however,  the  marginal  jmrtions  of  the 
eornea  arc  the  part  least  covercil  by  the  spots.     The 
BiKit.-»  lie  in  the  most  superficial  layet^  of  the  cornea, 
whirh   l.'iTtcr  tooka  dull   becaui^c  the  epithelium  over 
ti  i>ut  in  the  form  of  a  nodule.    Tlic  irri- 

t  5- sixin  vanish,  but  the  spots»  tis  well  uh 

thr  punrt^itc  l<Hjk  of   the  eonieal  surface,  generally  rc- 
tzMin    for   months   almost  unchanged,  and  thcD  very 
(PTidually  disappear.     If  the  s[>ots  are  not  numerous»       p,«. 
the  Aight  remains  undisturbed;  if,  however,  many  spots 
an?  prciwnt,  particularly  in  the  center,  the  acuity  of 

vision  i&  reduced  considerably.     Keratitis   punctata  auperficialis  is   found   most  fre- 
quently in  young  people,  and  affects  S4>metimes  one,  sometiniiis  i>oth  eyes.    It  often 
hff^att  at  the  same  time  with  a  catarrh  of  t h(»  air  passages,  just,  as  herpes  febrilis  cornea? 
does,  but  is  distinguished  from  tht?  hitler  mainly  by  the  absence  of  the  formation  of  \ 
true  v#»iclcs.    Hence,  tc»o,  in   keratitis  punctata  superficialis  the  supcrfteial  losses  of   J 
ivtbfltanc«*  which  develop  from  the  vesicles   in  herpes  are   wanting,  and  for  the  same  ( 
ftsson  the  formation  of  ulcers  in  this  variety  of  keratitis  is  observer  1  only  an  a  rare 
exofspiiot),  "^ 

In*  vunVMis  alight»  superficial  affections  of  the  cornea,  in  which  its  epithelium  is    /* 
■ITerted,  w<?  ol>«erve  that  fine  filameiit«  are  formed,  whieh  adhere  by  one  end  pretty 
irmly  to  the  surface  of  the  cornea,  wliilc  the  other  end,  whieh  is  often  swollen  in  a  club 
ihapc.  Itangs  down  free.     Thiü  phenomenon  has  been  descrilied  as  jilmnfnUmj  kcra-^ 
^jü  (Leber.  Hit  hoff,  Fischer).    The  filaments  are  produced  by  a  process  üf"ülllgK>wth 
mmi  the  epithelial  cells  ol  the  cornea  (Hess,  Nuel). 


1 05  — K  KMAT  mn  Pv  nctata 
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(h)  Deep  Forms  of  Non-Suppukative  Keratitis, 

41.  These  forms  have  as  a  common  churacteinstic  the  develop- 
ment of  an  infiltrate  in  the  middle  and  deep  layers  of  the  cornea,  an 
infiltrate,  however,  which  shows  no  tendency  toward  punileni  dis- 
inteirrntion,  hut —generally  not  till  after  existing  quite  a  while — disap- 
pears aj^ain  by  resorption.  When  this  takes  place,  the  cornea  in  favor- 
able cases  clears  up  again  completely,  w*hile  in  other  cases  opacities  of 
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a  varying  degree  of  intensity  are  left,  and  are  sometimes  even  accom- 
panied by  flattening  of  the  cornea.  In  keeping  with  the  deep  posi- 
tion of  the  infiltrate  in  the  cornea,  the  uveal  tract  and  especially  the 
iris  and  ciliary  body  are  almost  always  implicated. 

3.  ParenchymaiouB  Keraiitia}^ 

Symptoms  and  Course. — This  affection  may  run  its  course  in  two 
ways,  according  as  it  begins  in  the  center  or  at  the  margins  of  the  cornea. 
If  the  disease  invades  TÖCTTenfer  ot  tke  cornea  first,  we  see  smalTjSim. 
gray  maculae  making  their  appearance  in  this  situation,  and  lyin^m 
the'mictSle' and  deep  layers  of  the  cornea;  the  surface  of  the  latter  is 
lusterless  and  dull.  The  number  of  macula  gradually  increases,  so 
thamie^Keeprextending  farther  and  farther  toward  the  margin;  but 
they  are  always  massed  most  thickly  in  the  center,  where  they  fre- 
quently  become  confluent.  Since  even  between  tbe  maculae  the  cornea 
is  not  clear,  but  shows  a  fine  diffuse  cloudiness,  the  entire  cornea  may 
in  severe  cases  get  to  look  uniformly  gray,  like  ground  glass.  As  soon 
as  the  opacity  of  the  cornea  has  advanced  somewhat  farther,  vasculari- 
zation begins  by  the  penetration  of  vessels  into  the  cornea  from  different 
spots  upon  the  corneal  circumference.  We  see  the  vascular  trunks 
coming  out  from  beneath  the  limbus,  because — as  opposed  to  the  vessels 
in  Pannus — they  anse  irom  tfifi  fiftf>n|v  situated  vessels  nf  t.hft  a-HjitPftnt. 
sclera  (Figs.  84  and  85^.  They  branch  in  tufts,  like  a  brush,  in  the 
deep  layers  of  the  cornea,  and  often  appear  quite  indistinct  and  of  a 
dirty-red  or  grayish-red  color,  because  they  are  covered  by  the  clouded 
superficial  layers  of  the  cornea. 

In  those  cases  in  which  the  disease  begins  at  the  margin  of  the  cor- 
nea, the  first  thing  that  strikes  us  is  that  the  latter  has  grown  luster- 
less  and  clouded  at  some  spot  upon  its  margin.  The  cloudiness  is  deeply 
situated,  and  when  regarded  with  the  naked  eye  looks  uniformlv  crav. 
but  with  the  magnifying  glass  can  generally  be  resolved  into  sepai^e 
maculae  or  dim  parallel  streaks.  tSoon  similar  areas  of  cloudiness  appear 
at  ot-ner  spots  oi  ine  corneal  margin,  and  then  push  their  way  forward 
concentrically  from  all  sides  toward  the  center  of  the  cornea.  Simul- 
taneously with  the  appearance  of  the  marginal  opacities  the  correspond- 
ing portions  of  the  limbus  become  injected  and  the  vessels  of  the  corneal 
margin  begin  to  grow  out.  The  formation  of  vessels,  as  far  as  it  origi- 
nates in  the  network  of  marginal  loops  in  the  limbus,  soon  comes  to  an 
end,  so  that  the  limbus  advances  only  a  little  way  out  upon  the  cornea, 
where  it  looks  red  and  swollen  (" epaulet-like''  swelling  of  the  limbus). 
While  this  swelling  soon  goes  down  again,  the  deep  vessels,  which  come 
out  from  beneath  the  limbus,  grow  farther  and  farther  into  the  cornea, 
and  follow  closely  upon  the  opacity  which  advances  in  front  of  them; 

^*Synon\Tn«:  keratitis  inter^titialis  keratitis  profunda,  keratitis  diffusa,  uveitis  anterior. 
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it  looks  as  if  they  were  pushing  the  opacity  before  them.  These  vesseb 
liavCj  aa  in  the  case  of  those  of  the  first  form,  the  characters  of  deeply 
sitUAted  vesÄels,  shown  by  their  broom-Uke  branching  and  by  their 
dull,  dead^  grayish-red  hue. 

When  parenchymatous  keratites  has  attained  its  acme,  ^he  cornea 
i&  often  so  oj>uqiie  that  we  sranely  reont^nize  the_Jxi^    *  •    *.       *- 


At 


the  same  tXfhc  it  lose^  its^ liLster  rompkHely^  so  that  tt  hioks  as  thoogh 
smeared  \nith  grease  (with  the  magnifying  glass  we  recognize  numerous 
mJDüte  elevations  of  thf*  ppitHj^JiiLtjt  which  make  the  surface  of  the 
cornea  rough,  as  if  made  of  fine  shagreen).  Big  lit  is  so  reduced  that  the 
pat ient  can  only  count  firij^ers  hcfd_ very  close  to  him,  or,  still  worse. 
can  only  recognize  the  movement  of  the  hand  before  his  eye.  Now 
gradually  the  process  of  recovi^'rv  hpiyins.  starting  from  the  margin, 
where  the  cornea  first  becomes  transparent  again,  while  at  the  same 
time  the  vessels  grow  constantly  fewer  and  fewer.  The  center  of  the 
cornea  remains  opaque  Urn  longest,  but  finally  clears  up,  too,  until  only 
a  fine  diffuse  cloudiness  remains»  which  causes  but  little  impairment  of 
sight.  This  cloudy|eys.  together  with  a_few^  very  minute  l)Iood-yest^ela 
which  are  only  visible  with  the  magnifying  glass,  can  still  he  made  out 
vear^  afterward,  and^are  certain  signs  of  the  previous  existence  of  a 
parenchymatous  keratitis. 

Parenchymatous  keratitis  always  runs  a  chronic  course.  The  in- 
flammatory sympton^  keep  on  increasing  for  one  or  two  months,  until 
the  disease  has  reached  its  acme.  Then  the  irritative  symptoms  very 
K>on  al>ate,  and  the  process  of  clearing  up  of  the  cornea  makes  at  first 
nipid  progress.  Afterwanl,  however,  it  goes  on  more  slowly  again,  and 
the  center  of  the  cornea  in  particular  remains  for  a  long  time  opaque, 
so  that  sight  is  not  restored  until  late  in  the  disease.  It  takes  from 
half  a  year  to  a  year^  or  even  more,  for  the  cornea  to  acquire  ine  full 
ii(;gree  ol  transparency  which  it  is  possible  for  it  to  assume  with  an  in- 
flmmmatton  of  the  given  intensity. 

All  the  cases  do  not  run  their  course  in  the  w^y  described.  There 
are^  for  example,  many  lighter  cases  in  which  the  changes  do  not  go 
far,  and  which  hencerioo,  are  completed  in  a  shorter  time.  Thus  the 
process  may  go  no  further  than  tlie  formation  of  a  few  marjiltr,  which 
gradually  cüsappear  again  witfioul  the  associated  inflammatory  symp* 
toms  l>eing  at  any  time  marked.  If  the  opacity  l)cgins  at  the  margin 
of  the  cornea»  it  often  remains  confined  to  that  section  of  it  from  which 
it  originally  started.  In  that  case,  if  it  pushes  its  way  farther  from 
the  margin  toward  tlie  center,  only  a  sector,  and  not  the  entire  cornea, 
is  rendered  opaque.  Conversely  there  are  also  very  severe  cases  in  which 
dftpse  onarities  remain  as  a  permanencv.  Again,  owing  to  tfie  inflam- 
matory  infiltration,  softening  of  the^l^ornea  may  be  produced,  so  that 
the  latter  gives  way  l>efore  me  intra-oeuiar  pressure,  and  keratectasia 
develops;  in  this  case  also  the  cornea  remains  permanently  opaque, 
aad  to  quite  a  marked  degree.  The  worst  cases  are  those  in  which,  by 
IS 
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subsequent  shrinking  of  the  exudate,  the  cornea  becomes  flattened, 
densely  opaque,  and  of  a  tendinous  appearance,  in  which  case  the  sight 
is  nearly  or  quite  lost. 

Just  as  great  variations  exist  in  regard  to  the  density  and  extent 
of  the  infiltration,  so  they  do  also  in  regard  to  the  va8ctdari2cUion,  In 
many  cases  the  cornea  is  so  fl.biinHft.nt.1y  v5LSfiiilg.r<7.Ad  that  it  looks  Uke  a 
red  cloth;  in  others,  on  the  contrary,  it  is  almost  devoid  of  vessels,  and 
is  like  white  ground  glass.  Lying  between  these  extremes  are  numer- 
ous  cases  in  which  vessels  develop  from  only  single  spots  upon  the  cor- 
neal margin,  so  that  simply  a  sector  of  the  cornea  looks  red,  or  so  that 
only  single  tufts  of  vessels  are  oiscoverable.  Hence  we  may  distinguish 
between  a  vascular  and  a  non-vascular  form,  according  to  the  relations 
of  the  vessels.  It  must  be  remarked,  however,  that  eveft  in  the  non- 
vascular form  one  or  two  vessels  can  generally  be  made  out  with  the 
aid  of  the  magnifying  glass. 

When  we  consider  how  the  cases  vary  both  in  respect  to  the  opacity 
and  to  vascularization,  we  comprehend  why  parenchymatous  keratitis 
should  present  a  very  varying  clinical  picture,  and  hence  often  offer  diffi- 
culties in  the  way  of  diagnosis  for  the  beginner.  But  we  shall  generally 
be  able  to  make  the  diagnosis  with  certainty  if  we  hold  fast  to  those 
symptoms  which  are  common  to  all  the  cases — namely,  the  deep  situa- 
tion of  the  opacity  and  of  the^jyessels,  tbe  typical  increase  in  the  in- 
filtration up  to  a  certain,  usually  considerable,  degree,  and  iinaliy  the 
absence  of  purulent  disintegration,  so  that  the  formation  of  ulcers  never 
takes  place. 

"rarenchymatous  keratitis  is  accompanied  by  irrüaiive  symptoms 
of  inflammation,  such  as  pain,  photophobia,  arid  lachrvmation.  These 
are  sometimes  very  slight,  sometimes  violent;  in  general  we  may  say 
that  they  are  more  pronounced,  the  greater  the  amount  of  vasculariza- 
tion with  which  the  keratitis  is  associated.  Furthermore,  parenchy- 
matous keratitis  is  almost  always  complicated  with  inüammniinn  of 
the  uveal  tract.  In^the  lightest  cases  tnere  is  merely  hypersemia  of  the 
iris,  which  makes  itself  apparent  by  the  failure,  complete  or  nearly  so, 
of  the  pupil  to  dilate  under  atropine.  In  severe  cases  there  is  irido- 
cycUtis,  whieh  may  lead  to  the  formation  of  posterior  synechiae,  the 
formation  of  deposits  upon  the  posterior  surface  of  the  cornea,  and  se- 
clusion and  occlusion  of  the  pupil.  In  particularly  bad  cases  a  plastic 
irido-cyclitis  develops,  which  terminates  in  flattening  of  the  cornea,  or 
even  in  atrophy  of  the  eyeball. 

Parenchymatous  keratitis  generally  attacks  both  eyes,  and  nigre 
frequentlv  both  in  succession  than  both  at  once,  sometimes  there  is 
even  "an  interval  of  several  years  between  the  involvement  of  the  two 
eyes.    Recurrences  of  the  disease  take  place,  but  are  not  common. 

The  prognosis  of  the  disease,  from  what  has  been  said,  is^unfavor- 
able  as  regards  its  duration,  inasmuch  as  it  drags  on  for  monthS  and 
years,  especially  it  the  two  eyes  are  successively  attacked.    On  the  other 
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id,  the  prognosis  in  regard  to  the  ultimate  outcome  must  be  put 
>wnas£Ood,  üecause  in  by  far  the  greater  number  of  the  cases  a  good, 

at  lea.Bt  serviceable,  degree  of  .sight  comeis  back.  By  holding  up  this 
prospect  of  recovery  the  physician  must  keep  up  the  courage  of  his  pa- 
Ueut,  who,  because  of  the  slow  progress  of  the  disease,  is  very  apt  to  lose 
all  hope  of  a  restoration  of  his  sight. 

Etiology. — Parenchymatous  keratitis  is  a  discfi^e  of  youth >  appear- 
ing, as  a  rule,  be t w ee n  t h e  s i x t li  and  the  t \v t^^ riTi et h  y car  of  life.  It  is 
only  the  exception  that  persons  before  or  after  this  age  (sometime« 
even  after  the  thirtieth  year)  are  attacked.  The  female  sex  suffer» 
from  it  more  frequently  than  the  male.  The  ordinary  cause  of  the 
disease  is  syphilis,  and  esoecially  heredit^irv  Kvnhj)is.  To  prove  the 
existence  of  hereditary  syphilis  from  the  history  of  the  case  directly — 
i.  e,,  by  getting  the  father  or  mother  to  confess  to  syphilis^is  often  a 
djfGeult  thing  to  do.  Besides,  in  most  cases  it  is  not  at  al!  necessary, 
since  hereditary  syphilis  can  generally  be  recognized  with  sufficient 
certainty  from  a  series  of  aymptoras*     In  that  case,  we  abstain  from 

I  A,  The  iiiteripace  between  ihe  middle  incisor  t«?th  i«  abnorrmally  brood,     Tli«^  teeth  thptnjielv«i 

I         lar«  »  iwinilijutar  notch  on  thetr  cuttinis  ««.Ige.     Tlie  two  lateral  inci»f»r  teeth  have  i^oincwiiAt  convci 
kurttl  border«  which  converge  downwRr(i«>. 

B,  Th^  inci»or  ffwth  «r«  all  ^tiuut-d,  and  hPncH!  ihe  internpace«  are  enlaritofi.     The  middle  inciüor 
lt»th  mn  tatwl  undeveloped  and  i^how  the  notcbrng  of  the  cutting  edge*     The  lateral  incisor  teeth  bav« 
iiil«i  which  ooDverKe  downward««. 


^tä  ikm 


Fm.   IOG- — Ta»  Upper  Ivcisoh  Teeth  iv  IlEnrprrABY  SvPUit-iu*     (After  Hutchinson.) 


questioning  the  parents  in  regard  to  this  matter,  the  more  so  since 
would  be  a  severe  reproach  to  them  to  have  to  recognize  in  their 
iwn  persons  the  cause  of  their  children*»  illness.  On  the  other  hand, 
is  a  good  thing  to  determine  by  questioning  whether  many  children 
^-e  died  in  the  family  (the  niortality  of  the  children  of  syphihtic 
ents  amount««  on  an  average,  to  50  per  cent),  whether  premature 
s,  and  especially  those  in  which  the  fetus  was  dead  or  putrefied, 
not  occured,  etc. 
The  $i/mpioms  of  hereditary  syphilis  which  patients  with  paren- 
bymatnus  keratitis  frequently  exhibit  are  ?us  follows: 

1,  A  peculiar  formation  of  the  face  and  craniujn.  The  upper  jaws 
markedly  flat^  and  the  bridge  olthe  nose  low^or  actually  ijunken  in. 
t  infrequently  there  is  oza?na  m*  disease  of  The  lachrymal  sac,  the 
itter  in  consequence  of  the  changes  in  the  nose.  The  frontal  emi- 
nence« are  verv  prominent.  The  intelligence  of  the^e  patients  is  often 
abnormab  they  l>cing  etjher  precocjous,  or,  on  the  other  handi  back- 
~^     *  in  the  mental  developnient. 
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2.  The  incisor  teeth  are  abnormally  shaped  (Hutchinson),  so  that, 
instead  of  a  straight  edge,  they  sliow  a  semilunar  notch  (Fig.  106). 
This  change  is  present  only  in  the  teeth  of  the  second  dentition,  and  in 
them  most  frequently  in  the  upper  central  incisor  teeth.  Often  the 
incisor  teeth  are  all  stunted,  so  that  they  are  either  too  small  or  some 
are  altogether  wanting. 

3.  At  the  angles  of  the  mouth  we  may  find  fine  cicatrices,  the 
reUcs  of  former  rhagades:  so  also  cicatrices  in  the^uccai  ancTbharvn« 
geal  cavities  (SpeciaRy  on  the  hard  and  so^^  palate)  point  to  the  exist- 
ence  oi  antecedent  syphilitic  ulcerations. 

4.  Numerous  enlarged  lymphatic  glands  can  be  made  out,  especially 
upon  the  neck.  These  are  small,  hard,  painless,  and  with  no  tendency 
toward  ulceration,  by  which  characters  they  are  distinguished  from  the 
lymph  glands  of  scrofulous  subjects,  which  are  large  and  soft,  and 
readily  undergo  caseation. 

5.  Swellings  of  the  periosteum  (tophi),  which  are  hard  and  are  but 
Uttle  or  not  at  all  painiui,  occur  on  the  long  bones.  They  are  most 
frequently  and  most  easily  found  upon  the  anterior  border  of  the  tibia. 

6.  Often  there  is  inflammation  of  the  kne!^joint,  eithisr  occiirring 
simultaneously  with  the  keratj^.is  or.  more  ottf>n.  antedati^pr  |^  by  some 
yearsT  The  inflammation  is  ordinarily  bilateral,  pretty  torpid,  and  of 
several  months'  duration,  but  benign,  in  that  it  gets  well  without  leaving 
lasting  sequelae. 

7.  We  frequently  find  ViarHnpgsj  ^[  hfiftrip"'  which,  with  the  outbreak 
\^Jbf  the  keratitis,  sometimes  increases  to  absolute  deafness. 

^Xl  t««^^"  It  is  important  to  look  for  all  of  these  symptoms,  for  any  one  of 
V^^  them  by  itself  is  not  to  be  looked  upon  as  conclusive  evidence  of  the 
»..V^xistence  of  hereditary  syphilis;  and,  on  the  other  hand,  we  ought  not 
A      to  expect  to  find  all  the  changes  above  given  distinctly  marked  in  the 
same  individual  at  once.    If,  nevertheless,  a  case  remains  doubtful,  we  add 
in  order  to  decide  it  a  blood  examination  (deviation  of  the  complement 
by  Wassermannes  method),  which  in  cases  of  hereditary  syphilis  usually 
turns  out  positive.     The  more  carefully  we  make  oiu*  investigation,  the 
more  do  we  arrive  at  the  conviction  that  by  far  the  greatest  number  of 
cases  of  parenchymatous  keratitis  are  to  be  referred  to  hereditary  syphilis. 
In  very  rare  cases  this  form  of  keratitis  is  also  observed  in  acquired  syphiUs, 
and  we  must  not  forget  that  the  latter  may  be  acquired  even  in  childhood 
(e.  g.,  through  a  nurse).    A  few  cases  may  depend  upon  scrofula  or  tuber- 
culosis, while  in  many  no  cause  at  all  that  we  can  be  sure  of  is  discoverable 
to  account  for  the  eye  disease. 

Treatment. — Local  treatment  during  the  period  of  progression  con- 
sists in  combating  the  inäammation  by  protecting  the  eyes  from  light 
and  by  instilling  atropine,  which  latter  counteracts  the  complications 
arising  from  ibe  iris.  JJ^oist  hot  compresses  often  ameliorate  the  sjrmp- 
toms  of  irritation  and  accelerate  somewnat  the  progress  of  the  disease. 
Dionin  acts  favorably  on  the  photophobia  and  the  pain. 
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In  the  regressi ve  neri od .  the  thmg  to  do  is  to  secure  n&  thoroiigh- 
'|PIIH(  a  clearing  up  of  the  eonit^a  as  poHsihle.  For  this  purpose  dionin 
«gain  and  the  well-known  irrilimt  remedies— like  calcjuieU  tincture  of 
opium>  yellow-precipitate  ointuient^  zstearpj  hot  ^jr^J'tr. — are  tndieated 
(se«  pages  245  and  301).  ihese,  however,  shouUI  he  brought  into  use 
only  when,  on  making  cautious  tests,  the  eye  is  fount!  to  bear  them 
well — ^i.  e.,  does  not  through  their  use  fall  into  a  state  of  renewed  irri- 
tation. It  is  advisable  to  keep  on  with  these  remedies,  interchanging 
them  frequently,  for  a  very  long  time — for  months  or  years.  If  ec- 
tasis  of  the  cornea  threatens,  it  is  to  be  combated  by  a  pressure  bandage, 
which»  if  necessary»  can  be  combined  with  repeated  paracentesis  of  the 
corner. 

General  treatment  in  those  eases  in  which  hereditary  syphilis  is 
Ihe  cause  must  be  clirected  against  the  latter.  Mercurial  treatment, 
which  is  of  such  marked  service  in  acquired  syphilis,  is  here  ordinarily 
less  efficient.  Since  it  is  at  the  same  time  a  very  drastic  method  of 
treatment,  it  is  advisable  to  apply  it  in  the  severe  cases  only.  In  adults 
we  had  best  select  the  treatment  by  inunction.  If  from  the  cir- 
cumstances of  the  case  this  can  not  be  done,  we  may  give  mercury 
int^^rnally  or  still  better  in  the  form  of  intramuscular  injection,  [We 
give  at  periocUcal  intervals  a  s<*ries  of  injections,  using  the  bichlo- 
ride (up  to  gm,  O.Ol)  in  solution  every  other  tlay,  or  the  salicylate  up  to 
gm.  0-06),  or  calomel  suspended  in  alboleue  or  oil  every  ten  days.  Or  we 
ma3*  use  salvarsan  by  intramuscular  or  intravenous  injection. — DJ  In 
children  the  internal  administration  of  corrosive  sublimate  is  preferable. 
We  give  pills  of  1  mg..  beginning  with  one  a  day,  and  increasing  the 
dose  to  from  six  to  ten  pills  a  day,  according  to  the  a|^e.  In  doing  this 
we  must  be  mindful  to  pay  careful  attention  to  the  condition  of  the 
mouth,  in  order  to  avoid  salivation.  In  the  lighter  cases  of  parenchym- 
atous keratitis  we  prefer,  in  place  of  mercury,  a  simple  tonic  treatment 
with  the  sinmlfuneous  employment  of  remedie^s  containing  iodine  (cod- 
liver  oil  with  iodine,  iodide  of  iron,  and  mineral  waters  containing 
iodine,  the  latter  especially  as  a  form  of  after-treatment).  Unfortu- 
n:*tely,  we  must  say  that,  in  general,  treatment  is  pretty  nearly  powerless 
against  this  disease,  Farenchyniatcms  keratitis  in  many  cases,  even 
under  the  most  careful  treatment,  runs  a  course  that  is  not  essentially 
differtmt  from  what  w*ould  have  been  the  case  without  any  treatment; 
not  infrequently  we  see  the  disease  while  under  treatment  break  out  in 
'^•r  eye,  without  our  l)eing  able  to  prevent  the  opacity  from 
1  «g  gradually  over  the  entire  cornea  in  this  eye  also.     The  chief 

use  of  treatment  consists  in  its  combating  the  complications  arising 
from  the  uvea»  and  also  in  securing  a  more  rapid  and  more  perfect 
clearing  up  of  the  corneal  opacities  during  the  period  of  regression, 

A fintom ical  exa m i nation  of  an  eye  affected  with  pärench>*nmtoiis  keratitijt  shows 
mM  foci  of  intlammu^on  whicii  correspond  to  the  gmy  )^[xH*ks  fn*vn  on  rlinical  in- 
lp(?etion  and  wiiiih  uni  formed  hy  an  areuinulation  of  uninnrlpar  li^iirmyU^^  tn  the 
midtüe  and  dec*p  layers  of  the  cornea.     Siiniliir  nwlules  nmy  aiso  oe  tound  Jn  the  an- 
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tenor  portions  of  the  uvea  (iris,  ciliary  body  most  anterior  part  of  the  chorioid — spe 
Rg.  107).    The  nodules  sometimes  contun  giant  cells,  but  yet  are  not  typical  tuber- 

Iculous  nodules.  It  may  chance  that  disintegration  of  the  corneal  substance  itself 
occurs  at  the  site  of  the  nodule,  but  there  is  not  the  caseation  that  is  characteristic 
of  tuberculosis.  In  the  case  represented  in  Fig.  108,  instead  of  discrete  nodules  there 
was  a  uniform  dense  infiltration  of  the  most  posterior  layers  of  the  cornea,  so  that 


Fia.  107. — Parenchymatous  Kebatitis.    Magnified  7  X  1. 

The  patient  a  girl  of  nineteen  had  already  passed  through  one  attack  of  parenchymatous»  kerati- 
tis six  years  before.  This  recurred,  the  cornea  became  ectatic,  increase  of  tension  set  in,  and  as  the 
result  of  this  the  eye  became  entirely  blind.  Since  the  eye  was  inflamed  and  painful  all  the  time,  it 
was  enucleated  at  the  patient's  own  wish.  At  the  time  of  enucleation,  the  cornea  was  densely  per- 
meated with  little  white  spots  which  were  situated  in  the  middle  layrcrs  of  the  cornea,  and  the  Utter 
WK.<  consequently  so  opaque  that  the  iris  could  not  be  seen  through  it.  In  the  preparation,  contrary 
to  the  usual  relations,  the  cornea  is  seen  to  be  somewhat  thicker  m  the  center  than  at  the  edge.  To 
these  clinioEdly  demonstrable  white  spots  correspond  small  foci,  consisting  of  uninudeated  round  cells. 
These  foci  are  largest  and  most  numerous  in  the  middle  Uyers  of  the  cornea.  At  the  margin  of  the 
cornea  are  to  be  seen  even  in  the  anterior  layers,  files  of  cells  accompanied  by  new  formed  vessels.  At 
the  upper  margin  of  the  cornea,  o,  there  is  situated  a  small  episcleral  inflammatory  focus.  Near  the 
lower  marsin  of  the  cornea  at  x,  there  is  a  mass  of  exudate  (precipitate)  on  the  posterior  surface  of  the 
cornea.  The  iris,  as  is  the  rule  when  there  is  an  increase  oT  tension,  is  adherent  to  the  cornea  by  its 
periphery,  and  hence  is  driven  bodily  forward,  so  that  it  no  longer  is  in  contact  with  the  lens.  The 
marginal  portion  of  the  iris  which  is  adherent  to  the  cornea  is  very  much  thinned  by  atrophy  and  at 
the  Tower  side,  ti,  is  pushed  somewhat  into  the  also  attenuated  sclera  (beginning  of  an  intercalary 
staphyloma).  The  free  portion  of  the  iris  is  rather  less  atrophic,  and  both  in  its  upper  and  lower  pajt 
contains  an  inflammatory  nodule,  which  like  the  nodules  in  the  cornea,  conmsts  simply  of  uninuclear 
cells.  The  ciliary  processes  are  well  preserved.  They  are  at  a  greater  distance  than  normal  from  the 
margin  of  the  lens,  because,  owing  to  the  increase  of  tension,  the  eye  as  a  whole  has  become  somewhat 
enlarged  but  the  lens  has  not  shared  in  the  enlargement. 

the  latter  looked  as  if  transformed  into  granulating  tissue;  furthermore,  numerous 
new-formed  blood-vessels  (g)  were  seen  in  the  most  posterior  and  the  middle  layers. 
In  deep-seated*  infiltration  destruction  of  Descemet's  membrane  sometimes  occurs  in 
spots. 

In  parenchymatous  keratitis  the  uvea  is  also  always  implicated.  To  be  sure, 
the  participation  of  the  uvea  in  the  infiammation  is  not  by  any  means  equally  pro- 
nounced in  all  cases.  Minute  deposits,  which  are  discovered  in  making  a  careful 
examination  of  the  cornea  with  the  magnifying  glass  at  the  time  when  the  opacity 
is  resolving,  are  scarcely  ever  wanting.  Besides  these,  the  most  frequently  occurring 
complications  are  posterior  synechia  and  also  chorioiditic  foci;  hypopyon,  on  the 
ot^grh^^jacxtremgl^jgfe.  In  many  cases  the  part  that  the  uvea  ifiHMPHfflRgBt 
a^ion^^^nmcally  demonstrable;  in  other  cases,  on  the  contrary,  it  is  so  very  promi- 
nent, as  compared  with  the  process  in  the  cornea,  that  what  we  have  before  us  is  really  i 
an  irido-cyclitis — the  implication  of  the  cornea  being  evidenced  only  by  the^Jtffis^ni 
of  a  few  spots  of  opacity  in  its  deep  layers.  Thus  there  is  a  continuous  series  of  inter- 
mediate  forms  between  typiciJ  parench3rmatous  keratitis  and  irido-cyclitis  e  lue 
hereditaria. 
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the  more  frvquently  occurring  vaHatwns  in  tbe  clinical  picture  of  pared* 
keratitis  the  following  may  be  mentioned:  In  that  form  which  Ix^gins 
liith  wmifttF  in  the  central  portions  of  the  cornea  ii  not  infrequently  buppens  iMt 
the  lütp^v  &i  a  certain  distance  from  the  cornea  are  piirtirularly  deiise,  and  thtis 
form  a  very  opaque  ring,  which  in  the  sulwje^iuent  course  contracl.s  more  and  more 
toward  lb«  center  of  the  cornea  {keratitin  ccutratüi  anmihrU  of  Wissius),  Allied  to 
them  cam»  vkte  those  in  winch  the  central  j^art  of  tlie  cornea  becomes  particularly 
opaqua  throtigh  the  coiitiuence  of  the  mmmiit^  and  form  a  white  disk  pretty  sharply 


fta,  lOS« — CiUMa  ssction    trho 
100  X  1. 


GH     A    CORNCA     Wn-H      pAREXCHYlf  ATOÜ»      KsKATTTlB. 

(.\fter  a  preparatioo  of  Dr*  NordeoÄOo'a.) 


MocniBed 


Tbe  ftrom*«  S,  of  the  ooroea  »hows  an  'mfiltrarion«  wbioli  bcffins  in  the  nuddle  layers,  and  keepe 
Qa  In^raaMfis  more  and  more  poateriurly.  no  that  the  deep«;*t  layer«,  t,  have  awurru^i  the  a«peotota 
fmtt«tlatinK  tia«ue.  tlii  aecouJit  of  th«  inequnlity  tri  the  de«cre«  of  tnickeotnz  of  these  layem»  Deaoe^ 
m«t't  cnetnbnicie^  i>,  i»  tmdularml:  upon  it^  <^ndioth(*tiuiii  there  are  depo«it«cl^ici  ptB<oea  «mall  aceumU" 
latioika  of  round  oeU».  r,  la  the  middle  and  deep  layeni  of  tlie  oomea  we  eee  tbe  timtuvene  and  loo^- 
iliailitta)  MsctiOQi«  of  n«wly  fomi^  blcMMf-vessel«,  0«  ff,  while  the  mciet  anterior  layorar  and  also  Bowmao'a 
e,  B,  and  the  epitlieliiitri,  E,  are  normal. 


«eparated  from  the  less  opaque,  marginal  portions  of  the  cornea.  I  have  seen  several 
ciwiB  in  which  this  central  opacity  remained  |jennatiently  aflcr  the  marginal  portiona 
had  diiared  up,  and  fonncd  a  dense,  whit4?,  sharply  circumscrilied  »pot  in  the  center 
of  eacli  cornea,  just  as  if  there  had  lM3en  a  deeply  penetrating  antral  ulcer, 

Soniietimes  the  distribution  of  the  infiltration  in  the  cornea  \s  such  that  the  densest 
opacity  occupies  the  lowest  part  of  tlio  cornea»  as  if  the  products  of  inflammation  had 
trrariged  themselves  there  in  obedience  to  the  law  of  gravitation.  In  tliat  ca-se  the 
opacity  is  bounded  alx>ve  by  a  convex  line,  or  it  ftirnui  a  triangle,  the  base  of  which 
oorrcspondsi  to  the  lower  nuirgin  of  the  cornea»  while  its  apex  lookä  upward,    The  per- 
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manent  opacity  that  results  from  this  has  the  greatest  similarity  to  those  triangular 
opacities  in  the  lower  part  of  the  cornea  which  are  left  by  an  irido-cyclitis,  when  an 
exudate  at  the  bottom  of  the  anterior  chamber  has  remained  deposited  for  a  pretty 
long  time  upon  the  posterior  surface  of  the  cornea. 

In  irido-cyclitis  resulting  from  acquired  syphilis  it  not  infrequently  happens  that 
isolated  gray  specks  appear  in  the  middle  and  deep  layers  of  the  cornea.  These  have 
been  described  by  Mauthner,  Hock,  Purtscher,  and  others  as  keratitis  punctata  syphilit- 
ica. This  is  distinguished  from  keratitis  punctata  superficialis  (page  271)  not  only 
by  the  etiology,  but  also  by  the  situation  of  the  specks  in  the  deep  layers  of  the  cornea, 
and  might  therefore  be  appropriately  characterized  as  keratitis  punctata  profunda. 

The  vessels  in  parenchymatous  keratitis  generally  lie  in  the  deep  layers.  Yet 
it  often  enough  happens  that  we  find,  especially  with  the  aid  of  the  magnifying  glass, 
a  few  vessels  also  which  evidently  arise  from  the  network  of  marginal  loops  or  from 
larger  conjunctival  blood-vessels,  and  which  therefore  lie  superficially  in  the  cornea. 
All  vessels  tend  toward  the  center  of  the  cornea,  but  do  not  generally  reach  it,  so  that 
here  a  roundish  spot  of  the  size  of  a  millet  seed  or  more  remain  unvascularized.  The 
vascular  portions  of  the  cornea  look  red,  and,  if  the  vessels  are  abundant,  rise  above 
the  level  of  the  non-vascular  center;  the  latter,  accordingly — which,  in  consequence 
of  the  marked  infiltration,  is  gray  or  even  yellowish  gray — ^is  depressed.  We  must 
not  on  this  account  allow  ourselves  to  be  misled  and  consider  the  depressed  gray  spot 
as  an  ulcer,  for  parenchymatous  keratitis  does  not,  as  a_general  thing,  lead  to  uloBra- 
tion.  Exceptions  to  thlsmB^TBStlgR  Hlffe,^[o7^owever7occurm5ve  seen,  mTSct, 
''t'^  cases  in  wlucfiTerfoSfion  had  taken  place  in  the  center  of  the  cornea. 

The  an/erior  cJJamBeTTffTJBCrenUliyillillüUö  küPälitis  is  onen  lound  to  be  deeper 
than  usual,  a  circumstance  which  should  not,  however,  be  referred  without  further 


consideration  to  an  ectasis  of  the  cornea,  a  thing  which  occurs  quite  rarely.  On  the 
contrary,  the  cause  of  it  ordinarily  is  a  recession  of  the  iris  due  to  the  increased  accu- 
mulation of  the  aqueous — an  accumulation  to  which  both  the  irritated  state  of  the 
uvea  and  the  altered  conditions  of  filtration  may  contribute. 

Often  it  is  impossible  to  obtain  an  adequate  dilatation  of  the  pupil  with  atropine, 
even  though  no  evident  signs  of  iritis  are  present.  It  seems  that  in  these  cases  the 
atropine  does  not  diffuse  through  the  inflamed  cornea  to  the  same  extent  as  it  does 
through  a  sound  one,  so  that  it  does  not  in  fact  get  into  the  aqueous  in  sufficient  quan- 
tity to  dilate  the  pupil. 

The  intra-ocular  pressure  not  infrequently  shows  an  alteration  in  parenchymatous 
keratitis.  Generally,  it  is  diminished  so  that  the  eye  appears  softer,  although  we  need 
not  therefore  imagine  that  an  atrophy  of  the  eyeball  is  beginning.  An  increase  of 
tension  is  but  rarely  observed,  occurring  for  the  most  part  only  when  the  keratitis  has 
induced  ectasis  of  the  cornea.  In  that  case  sometimes  it  does  not  occur  until  years 
after  the  inflammation  has  run  its  course.  I  have  seen  this  even  in  those  cases  in  which 
no  ectasis  of  the  cornea  has  been  left. 

Many  cases  of  parenchymatous  keratitis  are  accomp<vp<H  Jjy  chorioiditis.  This 
is  localTzSTrnTRe^most  UllUiPIÜf  tiftgiiient  of  tTfe  chorioid  (chbrioicGtis  ÄlitüPlor),  which 
is  covered  with  numerous — in  most  cases  black — spots.  This  variety  of  chorioiditis 
would  probably  be  set  down  among  the  most  frequent  symptoms  accompan3nng  paren- 
chymatous keratitis  if  the  examination  with  the  ophthalmoscope,  and  hence  the  deter- 
mination of  the  presence  of  chorioiditis,  were  not  rendered  impossible  while  the  in- 
flammation lasted  by  the  cloudiness  of  the  cornea.  The  making  of  this  examination 
and  diagnosis  can  only  be  done  when  the  cornea  has  cleared  up  once  more  after  the 
inflammation  has  run  its  course.    It  i^^so  often  possible  to  make  out  the  existence  of 


peripheral  chorioiditia  in  the  other,  asT^WflfffttBEfeeCT  eye. 

Another  and  rarer  complication  of  parencnymatous  keratitis  is  a  diffuse  scleritis 
in  the  region  surrounding  the  cornea.  This  may  subsequently  give  rise  to  ectasia  of 
the  sclera. 

The  typical  course  of  parenchymatous  keratitis,  and  the  participation  of  both 
eyes  in  it,  early  suggested  the  idea  of  its  being  due  to  a  constitutional  cause.  Thus 
Mackenzie  gave  an  excellent  description  of  this  disease  under  the  name  of  comeitis 
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at  the  aame  time  gave  a  niinilx;r  of  (he  accompanying  symptonifi 
wliich  be  looked  upon  a«  sigtm  of  tjcrohila.  Hiitehinaon  has  the  credit  of  liaving  corn- 
pM«^  this  aeries  of  sympt^ims^  and  of  having  at  the  same  time  htrnished  the  proof 
tliat  llH*y  beUmjif  not  to  scrofula,  but  to  hereditary  syphihs.  Tliis  novel  view  was  slow 
in  makirig:  its  way.  Many  at  first  would  oidy  allow  that  it  was  true  for  a  limited  num- 
ber of  case«,  and  hence  divided  parencliyiiiatous  keratitis  into  two  forms^  wliich  they 
eAUed  kenititis  »ert»fulosa  and  keratitis  sj'phihtica.  But  the  more  preeise  our  knowl- 
rdgr  beroni^  in  regard  to  the  aymptonu?  of  hereditary  syphilis,  the  more  Burtdy  we 
amv«»  at  the  conviction  that  this  disease  liej*  at  the  root  of  parench>^natous  keratitis, 
whal<?ver  form  the  latter  nuiy  exhibit.  \'ery  reeently  gome  have  Kuoceedeii  in  pro- 
ducing in  monkeys  and  rahhii«  by  inoculating  them  with  syphilitic  material  an  in- 
flaflunation  of  the  cornea  which  resend  ties  the  parenchyiiiatou*s  keratitis  of  man  and 
in  whScb,  too,  spirochajta?  could  l>e  demonstrated  in  the  tissue  of  the  coniea  (Scherl>er, 
Gfeeff). 

Päronchymatnuü  keratitis  is  one  of  the  latest  jof  The  forms  under  wliich  heredi- 
Uiy  gypliflis  <t>nvv-s  itsf'it  antn^  therefore  np;hth~c;7rtte<i  us  «vnc  af  TfUMIU^.^T  iti1TOT\^tnt 
tkOd  iflflst  Inqiii'tU  .^yinptoiiis  of  hievS  hertHlitariü  lart^lu.  "Vliinv  InTit  ve  i  hsit  i  rfere  is 
no  lues  oerethiariM  tarda  if  we  tise  tlie  term  m  the  sense  that  the  eymptonks  c»f  lues 
wliich  mpppar  in  later  life  are  really  the  first  symptoms  of  the  disease;  they  think  that, 
on  the  con(rar)%  luetic  symptoms  nutst  liave  lxH*n  pn^sent  in  every  sucli  case  either 
»t  tfio  time  of  birth  or  soon  after,  but  that  either  these  Hl^^nptoms  were  overlooked  or 
tHnc  the  physician  had  failed  to  encoimter  any  signs  of  tfiem  l>ecause  he  had  taken 
dijLrg?  of  the  case  after  the  sympteims  had  gone.  Thus  it  is  supfxised  tliat  parenchy- 
ntatoits  keratitis  is  never  really  the  ürst  aymiptoms  of  hereditär)^  *i\'7>hilis.  But  pxisi- 
tive  observations  like  the  following  contradict  this  view:  A  physician  brought  to  me 
his  six-year-old  boy  who  a  short  time  before  had  iHMMJine  alTecled  with  a  typncal  paren- 
rhymatous  keratitis.  In  other  respects  the  child  was  liealthy,  well  developed,  and 
bad  a  good  appearance.  The  father  had  acquired  syphih?«  twelve  years  before,  that 
b»  six  years  before  the  birth  of  this  child,  Some  years  afterwards  he  married.  The 
liist  child  his  wife  brought  into  the  world  w^as  stilhborn,  the  second  was  the  little  pa- 
tient brought  to  me.  This  one,  the  father,  conscious  of  his  lues,  had  watched  anxiously 
uid«ftrefid!y  from  birth,  but  had  never  lieen  able  to  discover  in  him  the  slightest  sign^of 
8]rpliiU«t,  until  the  parenchymatous  keratiiis  showed  itself.  The  latter,  therefore,  in  this 
cvae  must  l>e  regardwl  as  being  the  first  demonstrable  8jgn  of  the  inherited  syphilis. 

The  following  history  may  serve  to  show  how  froni  ddTerent  *<ymptom8  we  get 
it  the  diaifuiwis  of  hereditary  syphilis,  A  twelve-year-^ihl  girl  with  parenchjinatuUfi 
kermtitis  of  lioth  eyes  was  brought  into  tlio  clinic  by  her  mother.  The  Utter  declared 
that  ahe  It&d  no  knowledge  of  syphilis  as  alTeeti ng  either  herself  or  her  deceased  hus- 
band. She  only  admitted  tlmt  the  latter  had  led  an  irregular  life.  The  woman  went 
on  to  say  that  she  had  Ix^n  pregnant  by  this  num  ten  tinii*s  in  all.  From  the  first  four 
pTfirnaneies  cante  four  children  (the  eldest  al  present.  alKJiit  twenty-two  years  old)^ 
who  tti^  all  healthy.  The  fifth  child  died  at  the  end  of  one  year,  the  sixth  prt^nant^ 
mded  in  an  abortion,  the  seveiitii  child  is  the  little  patient  who  is  brought  mto  the 
rlintc,  the  eighth  child  died  at  the  a^e  of  nineteen  montlis,  the  ninth  child  is  living 
but  m  always  »ickly,  and  the  tenth  die<l  at  the  age  of  six  weeks.  Then  the  husband 
died  it»  eonsec]|uenee  of  an  accident;  the  woman  married  a  second  time,  and  has  had  by 
hw  second  husl>and  two  perfeclly  liealthy  children.  The  woman's  dauglUer  who  was 
brought  into  the  clinic  w*bs  deaf;  site  presented,  in  addition  to  the  partmchymatous 
kemtitis  of  both  eye«,  the  ehanieteristic  formation  of  tl»e  cranium  lielonging  to  syphili- 
iic  children.  The  teeth  showed  the  form  described  by  Hutchinson;  numerous  small, 
h«rd  lynjphatir  glands  were  found  upon  the  neck.  I  made  the  yoimger  sister  (the 
wrniuin's  ninth  child)  Cf»me  (<ki.  She,  who  was  a  feeble  girl,  was  not,  to  be  sure,  abso* 
lutely  ileaf,  but  heard  very  hadly,  had  the  characteristic  formation  of  tlie  face  and 
8n-ollen  lymphatic  ghmds  upm  tlie  neck,  and  the  teeth— they  were  the  milk  teeth — 
wftre  markedly  small  and  .sep^iniied  by  wide  interspacea.  Externally  the  eyes  k>oked 
healthy,  but  in  both  the  periphery  of  the  fundus  was  found  by  the  ophthaltnoscope 
to  be  covered  with  spots,  black  as  ink,  lying  in  the  chorioid.     The  correct  iuterpreta- 
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lion  of  this  history,  without  doubt,  is  that  the  woman's  first  husband  had  acquired 
syphilis  after  the  fourth  pregnancy.  While,  therefore,  the  woman's  first  four  children 
enjoy  very  good  health,  only  two  of  the  children  of  the  six  following  births  are  living 
and  both  are  sickly,  both  marked  with  evident  symptoms  of  hereditary  syphilis.  When 
the  woman  had  become  pregnant  by  her  second,  healthy  husband,  she  had  healthy 
children  once  more. 

From  the  history  just  submitted,  it  can  be  deduced  that  the  examination  of  the 
little  patient's  brothers  and  sisters  may  often  contribute  to  the  clearing  up  of  the 
case,  inasmuch  as  we  may  find  in  them,  too,  symptoms  of  hereditary  syplülis,  and 
thus  may  still  further  confirm  the  diagnosis.  Moreover,  it  is  not  at  all  rare  for  two  or 
even  three  of  a  set  of  brothers  and  sisters  to  be  affected  with  parenchymatous  kera- 
titis. Furthermore,  from  this  history  we  may  deduce  the  important  fact  that  a  woman 
may  bear  syphilitic  children  begotten  by  her  diseased  husband,  without  at  the  same 
time  acquiring  syphilis  herself;  to  the  syphilis  of  her  own  children  she  is  immune. 

4.  Keratitis  Profunda}"^ 

42.  In  this  a  gray  opacity  develops  very  gradually  in  the  cornea 
—ordinarily  in  its  center — an  opacity  which  is  situated  in  the  middle 
and  deep  layers  of  the  cornea,  and  over  which  the  corneal  surface  is 
gray  and  punctate,  but  not  depressed.  Seen  with  the  naked  eye,  the 
opacity  looks  uniformly  gray,  while  with  the  magnifying  glass  it  may 
be  resolved  into  dots  and  maculae,  or  into  gray  interlacing  striae.  After 
the  opacity  has  remained  for  some  time  (several  weeks)  at  its  acme  it 
begins  slowly  to  abate,  without  ulceration  having  taken  place.  The 
development  of  new  vessels  is  either  entirely  absent  or  is  very  incon- 
siderable. The  accompanying  symptoms  of  inflammatory  irritation  are 
sometimes  slight,  sometimes  pretty  violent.  The  participation  of  the 
iris  is  mostly  limited  to  hyperaemia. 

The  disease  attacks  adults  only.  It  lasts  from  four  to  eight  weeks 
or  more.  In  the  lighter  cases  it  terminates  in  a  complete  restoration 
of  the  transparency  of  the  cornea,  while  in  other  cases  diffuse  opacities 
remain  permanently  in  the  center  of  the  cornea. 

The  causes  of  keratitis  profunda  are  in  the  great  majority  of  cases 
unknown.  For  individual  cases  the  following  causes  have  been  given: 
1.  The  effect  of  cold.  Arlt  has  characterized  such  cases  as  keratitis 
rheumatica.  These  ordinarily  run  their  course  with  marked  inflamman 
tory  symptoms,  especially  with  violent  pain  and  photophobia.  2.  Herpes 
zoster  ophthalmicus  (page  269).  3.  Intermittent  fever  in  its  chronic 
form  of  malarial  cachexia  (Arlt).  In  this  sometimes  a  keratitis  profunda 
develops  which  is  characterized  by  the  absence  of  marked  symptoms 
of  irritation,  and  also  by  an  unusually  chronic  course  (Arlt).  3.  After 
injuries,  especially  contusions,  a  keratitis  profunda  not  infrequently 
develops,  the  peculiarity  of  which  is  its  comparatively  rapid  course 
and  the  speedy  restoration  of  the  transparency  of  the  cornea. 

Treatment  consists,  locally,  in  the  application  of  a  bandage  or  of 
protective  glasses,  and  the  use  of  atropine.     Moist  warm  compresses, 

17  Synonyms:  central  pareochsrmatous  infiltration  of  the  oomea,  keratitis  parenchjrmatosa 
circumscripta. 
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lonin,  and  subconjunctival  injections  of  salt  solution  may  accelerate 
be  progress  of  the  case  provided  thcise  are  well  borne.  After  the  in- 
inanmtory  symptoms  have  run  their  course,  irritant  remedies  for 
iring  up  the  opacity  are  indicated.  The  general  treatment  depends 
}n  the  cause  that  we  are  able  to  di^jcover  for  the  keratitis. 


5.  Sclerosing  Keralitis, 

This  has  retained  its  name  given  it  by  Von  Graefe,  because  at  the 

where  the  infiltration  is  present  in  the  cornea,  dense  and  white 

^acities  are  left  which  often  look  hke  sclera.    Sclerosing  keratitis  occurs 

it  her  alone  or  more  frequently  as  an  accompanying  symptom  of  scleritis 

page  323).    If  a  scleritic  nodule  is  situated  near  the  margin  of  the  cornea, 

ben*  develops  in  the  adjacent  portion  of  the  latter  an  opacity  which 

situated  in  its  deeper  layers  (Fig.  128).     It  has  approximately  the 

iape  of  a  triangle,  the  base  of  which  is  situated  at  the  corneal  margin, 

Ifhile  the  rounded  apex  looks  toward  the  center  of  the  cornea  and  be- 

>mes  gradually  lost  in  the  transparent  cornea.     The  opacity  thus  oc- 

ipies  a  sector  of  the  cornea,  the  base  of  which  corresponds  to  the 

Dleritie  nodule.     In  many  ciises  other  deiLse  opacities  of  rounded  or 

regular  shape  also  develop  at  a  distance  from  the  corneal  border,  and 

"even  in  the  center  of  the  cornea.     The  opacities  are  gra}^  or  grayish-yel- 

[)W,  and  gradually  increase  in  intensity  until  the  cornea  at  the  affected 

^t  haö  become  completely  opaque.     The  surface  of  the  cornea  over 

tie    opacity    is   stippled  but  not  depressed;    vascularization  is  either 

Jtogether  al>sent  or  is  very  slight,  and,  when  it  is  present,  is  in  the  deep 

lyers  <»f  the  cornea.     After  the  opacity    has   reached  its   maximum 

entity,  a  gradual  retrogre-ssive  process  sets  in,  without  ulceration  ha\ing 

taken  place  at  any  time.    The  proce^js  of  clearing  affects  the  thin  edge 

of  the  opacity  and  its  apex,  which  looks  toward  the  center  of  the  cornea; 

the  greatest  portion  of  the  opacity  remains  permanently  and  becomes 

ultimately  bluish-white  like  the    adjacent  sclera,  into  which  it   passes 

^^irithout  any  sharp  line  of  demarcation.    At  the  spot  where  the  opacity 

^^b  found,  therefore,  it  looks  as  if  the  sclera  had  pushed  its  way  into  the 

^K»ace  occupied  l>y  the  cornea. 

^H  Like  sderitis  itself,  this  keratitis  that  accompanies  it  shows  re- 
^Keated  recurrences,  and  it  may  happen  that  in  severe  cases  the  entire 
^Bornea  is  sclerosed  with  the  exception  of  a  small  area  in  the  center. 
^H  The  disease  usually  attacks  young  persons,  especially  females,  and 
^Bften  occurs  in  both  eyes.  It  sometimes  runs  a  torpid  cr)urse.  but  more 
^Kft^n  is  associated  with  marked  irritation  which  accompanies  each  re- 
curring attack.  The  inflammatory  symptoms  are  in  part  also  caused  by 
he  comjjlicating  scleritis  and  iritis.  The  etiology  is  ordinarily  the  same 
that  of  scleritis,  namely  anjemia,  chlorosis,  scrofulosis,  tuberculosis, 
hereditary  syphilis,  and  in  older  patients  gout  and  rheumatism.  Often 
ao  certain  cause  can  be  found  for  the  disease. 
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Locally  the  same  remedies  are  indicated  that  have  been  suggested 
for  keratitis  profunda.  The  general  treatment  is  directed  to  the  cause 
of  the  disease,  in  case  such  a  cause  can  be  ascertained. 

6.  Keratitis  Springing  from  the  Posterior  Surface  of  the  Cornea. 

When  the  posterior  surface  of  the  cornea  is  not  washed  by  the  aqueous 
humor,  as  it  is  in  the  normal  eye,  but  an  exudate  or  tissue  is  brought  into 
apposition  with  it,  the  substance  of  the  cornea  becomes  cloudy.  To  pro- 
duce this  effect,  however,  it  is  necessary  that  the  apposition  should  be 
kept  up  for  a  pretty  long  time.  Hence  this  sort  of  opacity  is  not  generally 
found  in  ordinary  hypopyon,  because  the  latter  disappears  too  quickly, 
but  is  found  in  those  more  solid  gray  exudates  which  appear  in  the  ante- 
rior chamber,  particularly  in  scrofulous  and  syphilitic  irido-cyclitis.  Large 
deposits  also  on  the  posterior  surface  of  the  cornea,  if  they  remain  for  a 
long  time,  usually  leave  behind  them  gray  spots  in  the  cornea.  Another 
thing  besides  exudates  that  gives  rise  to  this  form  of  keratitis  is  the  appo- 


Fia.  109. — Keratitis  Marqinaus  Profunda. 

The  finely  striate  marginal  zone  represents  the  lirabus.  adjoining  which  above  and  on  the  outer 
and  inner  sides  is  the  arc-shaped  infiltrate  drawn  in  darker  shading. 

sition  of  tissue  to  the  back  of  the  cornea,  as  occurs  with  protrusion  of  the 
iris,  with  cysts  or  other  tumors  of  the  iris  that  reach  to  the  cornea,  and 
with  lenses  that  have  prolapsed  into  the  anterior  chamber.  The  opacity 
of  the  cornea  develops  at  a  point  corresponding  to  that  spot  at  which 
apposition  takes  place,  occurring,  therefore,  in  the  case  of  exudates,  most 
frequently  below.  The  surface  of  the  cornea  at  this  spot  is  dull,  some- 
times slightly  uneven,  and  apparently  gelatinous.  The  opacity  is  gray, 
and,  after  lasting  a  long  time,  becomes  pretty  dense,  and  is  permeated  by 
vessels  which  lie  in  the  deep  layers  of  the  cornea.  It  never  completely 
disappears,  even  after  the  causal  lesion  has  been  remedied. 

The  mode  of  origin  of  this  form  of  keratitis  is  probably  to  be  con- 
ceived of  thus:  Contact  of  the  cornea  with  foreign  tissue  alters  the  endo- 
thelium of  Descemets  membrane.  This  alone,  according  to  Leber's  re- 
searches, protects  the  cornea  from  the  aqueous  humor.  Now,  if  the  endo- 
thelium becomes  deficient,  aqueous  humor  can  penetrate  into  the  tissue 
of  the  cornea,  which  consequently  becomes  cloudy.  [See  page  7  for  Leber's 
observations  on  this  point.] 
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The  rrmieal  pietaree  \im\pT  whkh  non-BUppumtivo  keratitis  mak(*s  its  appearance 
MTf  exiX'Cflm^ly  manifokl.  Only  a  certain  niiniber  of  rheni  can  bf  mar»halo<l  under 
fixed  lyfjes,  a^  has  been  done  in  the  foregoing  pagi^s.  Somi*,  occiu'tionally  very  i>ccLiliar, 
formfi  eonie  under  obser\'ation  too  rarely  for  uh  to  be  able  to  build  up  from  them  a 
typical  dii!»eaac  picture;  they  ean  not  at  present  be  yiiliÄcd  except  for  purposica  of  reconl 
iodividual  cases.    A  few  rather  more  frequently  ocrurring  forms  may  be  enumeraleti 

B»  an  ap]:>emiix  to  thos<'  before  de.srnbrtL 

7»  Deep  Keratitis  in  irido-cyclitis.— In  ever>^  ease  of  marked  irido-eycUtis 
tlie  corüea  ü*  slight ly  dull,  not  perfectly  clear.  But  in  some  case?^  of  severe  irido-cyclitb 
Ibe  participation  of  the  cornea  is  still  more  proiiounci>(l,  an  infiltration  of  gray,  or  later 
oftoi  of  yellowish^  color  making  it*  appearance  in  it.^  deep  Iayen>i.  This  infiltration, 
tmcier  a,  proces«  of  vaÄCularij^ation,  substH|uently  ^lisappcars,  although  it  lilways*  leaves 
a  penaaneni  opacity  behind  it»  a>wocia.t ihI  in  seven»  caÄCü  with  fliitlening  of  the  entire 
coniea.  Vision  in  these  cases  is  ahnoat  or  quite  annihilated,  not  merely  on  uccount  of 
Uir  change  in  the  corneat  but  also,  and  chiefly,  on  account  of  the  products  of  the  irido- 
eycutin.  The«u  cas«^,  which,  to  be  sure^  are  \QTy  rare,  must  not  be  confounded  with 
UiQOp  cnatM  of  parenchymatotis  keratitis  that  are  associated  with  markeil  implication 
of  the  uvea.  [Such  a  combination  of  keratitis  with  iritis  is  called  keratu-irUis,  By  the 
tliuiie  ut^ttiJ*  tintcriuf  is  denoted  a  parenchymatous  keratitis  (sGmetimes  associated  with 
tclicjittest)  which  is  combinetl  with  a  pronounced  but  sluggish  chronic  cyclit  Ls  and  prob- 
ably in  moet  cases  with  anterior  chorioiditis  tu^  wt^li.  It  ha^,  in  fact,  the  characters  of 
a  clinjüic  iritis  (see  |  69),  combined  with  a  marked  keratitis  (see  page  278 J»  ll  m 
cxtrrmcly  chronic,  and  is  undoubtedly  of  constitutional  origin»  probabty  often  being  due 
to  tul>erciilosis,  although  in  many  ctises  the  cause  is  obscure» — DJ 

8,  Deep  Scrofulous  Infiitrates  occur  under  the  form  of  extensive  gray,  sub- 
aequenity  yellow,  opacities  in  the  mid(ilo  and  deep  layers  of  the  cornea  in  conjuncti- 
YitiH  e<'?:emata*%a.  They  may  either  proceed  to  sUfipuratCj  or  they  may  go  on  to  re- 
sorption, in  w*hich  case  the  cornea  clears  up — sometimes  in  a  surj»rising  manner.  For 
a  raorc  detailed  nceuunt,  see  Conjunctivitis  Eczematosa  (page  180), 

9»  Keratitis  Marginalts  Profunda.— This  rare  dis^^ase  generally  affects  old 
pc^ilt^,  and  occurs  for  the  most  part  in  one  eye  only,  rarely  in  both.  Tliere  forinB 
Upon  the  margin  of  the  eomeat  with  moderate  symptoms  of  irritation,  agray^  later  gray- 
iah-yeUow ,  or  even  purulent-yellow  opacity,  which  directly  adjoins  the  sclera  an«!  Iience 
extends  under  the  limbusj  while  on  the  other  hand  it  reachci^  for  a  <listance  of  1  or  2 
mm.  into  the  traiifJi)arent  cornea  (Fig.  109).  This  marginal  zone  of  opacity  generally 
embraces  from  one-thini  to  one-half  of  the  circumference  of  the  cornea  (most  frequently 
the  upper  part),  or  in  rare  instances  aurrounds  the  entire  cornea.  The  surface  of  the 
cornea  over  the  opacity  \b  somewhat  dull,  but  shows  no  loss  of  substance,  and  never 
any  exfoliation  of  epithelium.  The  lim  bus  soon  pushes  forward  so  far  as  to  cover  the 
opacity  with  its  vesöels.  The  irritative  symptoms  disappear  in  from  one  to  two  weeks, 
while  the  niargwial  infiltrate  is  transformeti  into  a  permanent  gray  öi>acity  of  the  cornea, 
Thist  opacity  bears  a  great  resemblance  to  the  arcus  senilis,  from  which  it  is  chiefly 
dirtinguishtHJ  by  its  not  being  separated  by  a  transparent  Äon»^  from  the  scleral  margin, 
trait  pAststng  into  the  latter  without  any  clear  line  of  dcmareution.  Iritis  does  not  occur 
b  connection  with  this  affection  of  the  cornea,  nor  di>es  ulceration  of  the  cornea,  as  a, 
rule;  only  twice  have  I  seen  small  superficial  ulcers  develo{)  utn>n  the  cornea.  On  ac- 
count of  the  marginal  situation  of  the  residual  opacity,  ihia  form  of  keratitis  is  without 
danger  to  the  sight, 

10,  Striate  Opacity  of  the  Cornea. -^^'hen  we  examine  carefully  an  inflamed 
cornea  with  a  magnifying  glass,  we  often  discover  i2;ray  stria^  in  it.  Thc*se  may  be  short 
tind  irregular  and  run  in  the  most  diverse  directions.  This  is  commonly  the  case  in 
keratitis  profunda.  At  other  times  we  see  a  system  of  parallel  stria' — e.  g.,  in  the  dense 
Opacities  that  occur  in  parenchymatous  keratitis  jutting  out  from  the  margin  of  the 
COruim  and  extending  toward  its  center.  Again,  striir  may  occur  that  take  a  radiating 
dire^ction,  all  emanating  from  a  »ingle  point — c\  g.,  from  a  corneal  ulcer.  The  anatom* 
teal  changes  that  ^ve  origin  to  the  atria*  are  not  always  the  same.    It  may  be  that 
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c^Usy  or  fluid  thrust  the  fibers  of  the  cornea  apart  and  so  pass  on  between  them,  taking 
a  linear  course.  Such  a  thing  can  be  efifected  artificially  by  injecting  liquid  through  a 
puncture  made  in  the  cornea.  In  doing  this  we  fill  a  system  of  parallel  chinks  (Bow- 
man*s  tubes)  which  cross  the  successive  corneal  lamellse  at  right  angles. 

Isolated,  long,  very  delicate  gray  lines  appear  to  be  produced  by  turbid  fluid  fill- 
ing one  of  the  channels  that  lie  in  the  substance  of  the  cornea  and  lodge  the  nerv^ 
passing  from  the  margin  of  the  cornea  to  its  center. 

Very  frequently,  however,  strifie  are  produced  not  by  exudation,  but  by  wrinkling. 
This  is  pre-eminently  the  case  with  traumalic  striate  opacity.  This  is  observed  after 
incised  wounds  of  the  cornea,  and  most  beautifully  after  the  cataract  operation.  Within 
the  first  twenty-four  hours  after  the  operation  gray  stris  make  their  appearance  in  the 


Fia.  no. — Stbiate  Opacity  of  the  Cobnba  aitbr  a  Cataract  Extraction. 
The  cicatrix,  a  b,  left  by  the  section,  lies  at  the  upper  margin  of  the  cornea. 

iHMTiu^,  whi(*h,  starting  from  the  wound,  extend  sometimes  as  far  as  the  opposite  margin 
i»f  X\w  (H)riu»a,  and  are  always  disposed  perpendicularly  to  the  length  of  the  wound  (Fig. 
U(>).  Th(*M'  stria;  are  particularly  observable  in  those  cases  in  which  the  lips  of  the 
W4»und  hiivo  boon  somewhat  contused,  as,  for  example,  those  in  which  the  delivery  of 
i\w  UuiH  liuM  boon  difficult.  They  generally  pass  off  within  the  first  eight  days,  and  it 
U  {n\\y  whtui  8{>ocially  pronounced  that  they  take  several  weeks  to  disappear.  Such  an 
oi»Moity  (*aUHOH  no  symptoms  of  irritation,  and  does  not  cause  the  least  disturbance  of  the 
lKH4Uiitf  of  the  wound.  This  proves  that  here  we  are  not  dealing  with  a  real  inflamma- 
|U»ii •  A niit-oinical  investigation  has,  in  fact,  shown  that  in  these  cases  cellular  infiltration 
U  i4lU»g(^th(^r  wanting,  and  that  there  is  simply  a  dilatation  of  the  lymph  spaces  of  the 
V\M-iuH»,  which  aro  distended  with  fluid  (Becker,  Laqueur,  Recklinghausen).  The  striate 
V4iu(^ilitw  tluMUHolvos  are  referable  to  wrinkling  of  Descemet's  membrane,  which  as  a 
uwult  (kf  th(*  incision  near  the  corneal  margin  has  its  tension  relaxed  in  one  direction 
but  not  in  others  (cf.  Fig.  135). 

.\  wrinkling  of  this  sort  may  be  the  cause  of  some  of  the  striate  opacities  that 
mv  iiluH'rviHl  in  conjunction  with  a  true  keratitis — e.  g.,  the  radiating  streaks  which 
i4iit  (if ton  Hoou  in  ulcus  serpens  extending  out  into  the  transparent  cornea  (Hess, 

\  Kiiuiilar  striate  opacity  of  the  cornea  is  sometimes  observed  in  cases  of  detach- 
uu^l  i*f  th(^  rotina  which  have  been  treated  with  the  pressure  bandage.  The  eye  be- 
KAUUvw  uiultlt^nly  very  soft  and  the  anterior  chamber  remarkably  deep,  and  in  the  cornea 
Umv  gVisy  Ht  ria^  hIiow  themselves,  which  cross  in  different  directions,  so  that  the  opacity 
KH»ktt  itki)  (ToasiHl  tissue  paper.  Here  also,  without  doubt,  folds  in  the  cornea  take  part 
(U  luviiui'ing  this  effect  (Deutschmann,  Nuel). 

IL  Injuries  of  the  Cornea. 

43,    I.    Foreis^n  Bodies  in  the  Cornea — ^The  penetration  of  foreign 
(hto  tl"J  superficial  layers  of  the  cornea  is  among  the  most  com- 
sA  Hooiclents.     Obviously  the  interpalpebral   area  of  the   cornea 


DISEASES  OF  THE  CORNEA. 


287 


is  tbe  part  that  suffers  most  from  injuries  due  to  foreign  bodies  as  from 
mjuries  in  general.    What  is  most  frequently  observed  are  small  particles 
of  iron  in  the  cornea^  particularly  among  mechanics  of  a  certain  sort, 
like  lockisniiths,   blacksmiths,  iron  founders,  etc.     These  particles  do 
not  look  hke  metallic  iron,  but  vary  from  dark  brown  to  black;    for 
the  particles  of  iron,  wWch,  for  example,  fly  off  when  iron  is  being  ham- 
mered, are  heated  by  the  force  of  the  blow  so  that  they  are  thrown 
out  as  sparks.    Thus  they  become  oxidized  into  ferroso-ferric  oxide  (so- 
called  iron  scale),  and  under  this  form  are  found  in  the  cornea.     If  the 
fragment  of  iron  remains  sticking  in  the  cornea,  it  becomes  surrounded 
very  soon  by  a  brown  ring,  because  it  impregnates  the  portions  of  the 
cornea  in  it^  immediate  vicinity  with  iron  (ferric  hydrate)  and  so  turns 
them  brown.     Fragments  of  coal  are  also  frequently  found  in  the  cor- 
nea— for  instance,  in  firemen  or  in  people  after  a  railroad  journey — 
and  fragments  of  stone  in  stonecutters,  stonebreakers,  etc. 


b 

[Fio,  111. 
a,  fomgH'body  nnKlle  and  .-vpud.     b,  Kiitipp'^i  flexible  imd  blunt  foreijgn-bdcly  hook. — DJ 

Foreign  bodies  penetrating  into  the  cornea  should  be  removed  as 
»oon  as  possible.  If  they  arc  superficially  situattxl,  it  is  an  easy  matter 
to  pr>"  them  up  with  a  suitable  instrument.  For  this  purpose  we  use 
a  special  needle,  which  is  made  broad  at  its  upper  end  (Fig.  111).  In  de- 
fault of  such  a  foreiji^-body  needle  we  may  also  make  use  of  a  sharp  sew- 
ing needle  which  has  l>een  previously  steriltzed  by  heating  in  a  flume.  It 
is  advantageous  first  to  render  the  cornea  insensitive  liy  the  repeated 
instillation  of  a  5-per-cent  solution  of  cocaine  [holocaine,  or  alypme]. 
In  the  case  of  fragments  of  iron,  besides  the  foreign  body  the  ring  of 
hrown-colored  corneal  tissue  adjoining  it  should  Iw  scraped  off* 

If  the  foreign  body  is  not  removed  in  season,  its  expulsion  by  sup- 
puration follows.  An  inflammatory  infiltration  forms  about  it,  sur- 
lüunding  it  in  the  form  of  a  gray  ring.  Then  the  tissue  of  the  cornea 
in  this  place  breaks  down,  so  that  the  foreign  body  becomes  loose  and 
ultimately  falls  out.  The  resulting  ulcer  generally  becomes  rapidly 
cleansed  and  heals,  leaving  a  small  opacity  after  it.  This  process  of 
elimination  takes  place  with  marked  symptoms  of  irritation,  and  espe- 
dally  with  hypera^mia  of  the  iris,  or  even  with  iritis,  which  latter  makefi 
Itself  evident  by  tlie  formation  of  a  hypopyon  and  of  synechias.    Foreign 
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bodies  which  are  chemically  indififerent,  like  powder  grains  or  particles 
of  stone,  are  often  tolerated  by  the  cornea  without  producing  inflamma- 
tion and  may  become  permanently  incorporated  in  it. 

Much  more  infrequent,  but  also  much  more  serious,  are  those  cases 
in  which  a  small  foreign  body  has  penetrated  into  the  deep  layers  of 
the  cornea.  In  this  case,  in  order  to  remove  the  foreign  body,  it  is 
often  necessary  to  incise  the  lamellae  of  the  cornea  that  lie  above  it,  so 
as  to  be  able  to  draw  it  out  with  the  forceps.  If  the  point  of  the  for- 
eign body  projects  into  the  anterior  chamber  there  is  the  danger  that, 
in  attempting  to  grasp  the  foreign  body,  the  latter  may  be  pushed  in 
still  farther,  and  may  injure  with  its  point  the  capsule  of  the  lens.  In 
such  a  case,  therefore,  the  indication  sometimes  is  to  make  a  prelim- 
inary opening  in  the  cornea  near  its  margin  and  to  introduce  an  in- 
strument from  this  point  into  the  anterior  chamber.  By  this  means 
we  press  the  foreign  body  from  behiftd  forward,  so  that  we  can  grasp  it 
by  its  anterior  extremity  and  extract  it. 

2.  Solution  of  Continuity  of  the  Cornea. — Superficial  excoria- 
tions of  the  cornea,  which  simply  produce  a  loss  of  substance  in  the  epi- 
thelial covering,  are  known  as  erosions.  These  are  among  the  most 
frequent  of  injuries,  such  as  one  gives  himself  by  scratching  the  eye 
with  the  finger  nail,  with  a  rough  cloth,  a  stiff  leaf  or  twig,  etc.  Such 
an  injury  is  commonly  accompanied  by  pretty  marked  symptoms  of 
irritation,  such  as  photophobia,  lachrymation,  and  especially  by  vio- 
lent pain.  Examination  of  the  eye  shows,  besides  the  cihary  injection, 
a  defect  in  the  epithelium,  forming  an  ulcer,  the  floor  of  which  is  per- 
fectly transparent,  so  that  it  is  only  by  taking  the  corneal  reflex  [or 
using  fluorescin]  that  the  loss  of  substance  can  be  discovered.  Heahng 
generally  takes  place  within  a  few  days  by  a  complete  regeneration  of 
the  epithelium,  starting  from  the  edges  of  the  epithelial  defect;  a  per- 
manent opacity  does  not  remain.  Quite  a  good  deal  of  significance  at- 
taches to  these  traumatic  erosions,  from  the  fact  that  not  infrequently 
they  are  the  starting-point  of  an  ordinary  ulcer  of  the  cornea  or  an 
ulcus  serpens,  especially  if  an  opportunity  is  given  for  the  production 
of  infection.  This  latter  is  particularly  apt  to  occur  if  there  is  present 
either  a  conjunctival  trouble  associated  with  abnormal  conjunctival 
secretion,  or  a  disease  of  the  lachrymal  sac. 

It  is  worth  remarking  that  sometimes  recurrences  of  corneal  erosion 
take  place  without  any  new  injury  having  preceded  them  (Arlt).  After 
the  lesion  has  been  to  all  appearances  fully  healed,  marked  symptoms 
of  irritation  set  in  suddenly  several  weeks  or  months  afterward  without 
known  cause;  and  a  loss  of  substance  is  again  found  upon  the  cornea 
in  the  epithelium  at  the  site  of  the  former  injury.  Such  relapses  may 
occur  repeatedly.  They  have  their  cause  probably  in  the  fact  that  the 
regenerated  epithelium  is  no  longer  firmly  adherent  to  its  bed  (Szili), 
so  that  under  the  action  of  any  insignificant  cause  it  is  again  separated 
and  cast  off.    This  separation  of  the  epithelium  generally  takes  place 


PfR? 


onMi^^e 


iie^^Tnei^t 


W 


^ie  pam  passes  oft  m  a  tew  minutes,  l  hen  it  we  see 
during  the  day,  there  is  eitiier  nothing  ut  all  tu  be  tlii>covered 
K>mea  objectively  or  ui  most  there  is  found  an  extremely  faint 
Bss  which  is  situated  in  the  corneal  epithelium  on  the  spot  that 
Ured.  Yet  in  this  case  also  there  are  prnl)ably  constantly  recur- 
ly  insij^ificant  lesions  of  the  corneal  i*fiit helium,  which  are  pro- 
It  the  site  of  the  former  injury,  by  sudden  ojiening  of  the  lids. 
Mons  are  best  treated  by  applying  a  simple  protective  bandage 
Should  be  continued  until  the  epithelium  is  completely  re^ener- 
To  secure  the  best  results,  the  bandage  should  lie  applied  to 
|«nd  kept  on,  ni|!;ht  and  day,  for  from  one  to  two  weeks.— D.] 
marked  accompanying  symptoms  of  inflanuimtion,  which 
jleved  l)y  the  bandage  alone,  we  may  instill  atropine.  The 
B5&  require  the  same  treatment,  lus  hmg  i\s  a  defect  in  the  epi- 

RIk*  made  out  to  exist.  After  complete  restoration  of  the 
vering,  it  is  advisable,  in  order  to  prevent  further  recur- 
ave  the  cornea  massaged  for  some  time  with  the  yellow 
^ate  ointment.  For  pain  which  recurs  at  night  we  direct  the 
to  introduce  fatty  substance  (e.  g.,  boric-acid  ointment)  into 
ijunctival  sac  before  retiring,  and,  bt\sides^  advise  him  in  case 
i^  during  the  night  to  open  the  eyes  very  cautiously — possibly 
ill  he  has  first  wet  the  margin  of  the  lids.  If,  in  spite  of  this, 
I  recur  we  obtain  solid  union  of  the  epithelium  to  the  cornea 
Dce  also  a  cure,  if  we  scrape  off  the  epithelium  wherever  it  is 
)öely  adherent  to  the  cornea,  and  then  paint  this  area  \%ith 
p  of  iodine. 

ie  deeper  wouniis  of  the  cornea  are  usually  either  incised  or  lacer- 
punds.  Their  niargirjs  stxm  after  the  infliction  of  the  injury 
f  cloudy  and  swollen  through  imbibition  of  fluid  (teal's  or  aqueous). 
b^r,  lacerated  wounds,  this  may  occur  over  a  very  great  area. 
^Binds  heal  this  cloudiness  in  large  part  disap|iears,  although 
^opacity  always  remains  along  the  line  corresponding  to  the 
k  of  continuity,  and  this  opacity  is  very  frequently  associattHl 
Hfregular  bulging  of  the  whole  cornea  (giving  rise  to  irregular 
Ram).  Corneal  wounds  are  particularly  dangerous  under  two 
Ranees — i.  e.,  when  they  are  infected  and  when  they  perforate 
■L  In  the  former  case  a  purulent  keratitis  develop.s  which  may 
PBko  extensive  destruction  of  the  cornea,  In  the  latter  cuse 
|e  of  the  iris  occurs^  provided  the  wound  is  large  enough.  More- 
he  lens  may  be  injured  at  the  same  time,  and  lastly 
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there  exists,  as  in  all  perforating  lesions  of  the  eyeball,  the  danger  of  an 
inflammation  of  the  deep  parts  of  the  eye,  produced  by  infection  and 
very  frequently  ending  in  the  destruction  of  the  organ. 

The  treatment  of  recent  wounds  of  the  cornea  demands  as  its  prime 
requisite  that,  after  dropping  in  atropine  to  combat  any  iritis  that  may 
exist,  we  apply  a  protective  bandage.  If  we  are  dealing  with  a  perforat- 
ing wound  of  the  cornea,  the  greatest  possible  quiet  on  the  part  of  the 
patient  (rest  in  bed)  is  requisite  in  order  to  bring  about  a  speedy  and 
solid  closure  of  the  wound.  If  the  iris  is  prolapsed,  it  should  be  so  ex- 
cised, after  carefully  separating  it  from  the  lips  of  the  wound,  that  no 
iris  remains  any  longer  incarcerated  in  the  wound;  according  to  just  the 
same  principle  that  holds  good  for  prolapses  of  the  iris  of  spontaneous 
origin.  (For  more  precise  particulars  in  regard  to  perforating  wounds 
of  the  cornea,  see  §§  53  and  .54.) 

3.  Injuries  of  the  Cornea  by  Caustic  Agents  and  by  Bums.-— 
These  occur  simultaneously  with  the  analogous  injuries  of  the  con- 
junctiva, and  are  produced  by  the  same  causes  that  these  are  (see  page 
195).  In  fact,  in  the  case  of  such  injuries  of  the  eyeball,  it  is  precisely 
the  part  which  the  cornea  takes  in  the  process  that  is  a  criterion  for  the 
prognosis — for  the  most  harmful  consequences  of  these  injuries  are  the 
opacities  which  are  left  in  the  cornea.  The  corroded  or  burned  cornea 
looks  dull  and  opaque.  The  extent  of  the  opacity  depends  upon  the 
extent  of  the  bum,  but  the  intensity  of  the  opacity  depends  upon  the 
depth  to  which  the  corneal  tissue  has  been  destroyed.  In  light  cases 
the  color  of  the  opaque  cornea  is  gray,  but  in  severe  cases  whitish.  In 
the  worst  cases  the  cornea  is  all  as  white  as  porcelain,  dry  upon  its  sur- 
face, and  quite  insensitive;  such  a  cornea  is  completely  necrotic.  In 
general  it  is  not  always  easy  to  estimate  from  the  character  of  the  in- 
jury alone  how  deeply  the  destructive  process  has  penetrated  into  the 
cornea,  and  hence  caution  is  advisable  in  giving  the  prognosis. 

The  injury  is  generally  followed  by  sharp  pain.  It  heals  by  the 
extrusion  of  the  dead  tissue.  In  the  lightest  cases,  in  which  the  injury 
has  affected  the  epithelium  only,  the  processes  of  extrusion  and  of  heal- 
ing occur  very  rapidly  (as  in  the  frequent  cases  of  burns  of  the  cornea 
produced  by  a  curling  iron).  If  the  destructive  process  has  made  its 
way  into  the  parenchyma  of  the  cornea,  a  delimiting  suppuration  sets 
in,  which  leads  to  the  separation  of  the  eschar;  the  loss  of  substance 
thus  produced  heals,  leaving  a  permanent  opacity.  If  the  destructive 
process  has  at  any  point  gone  through  the  entire  thickness  of  the  cor- 
nea, perforation  of  the  latter  develops  after  the  separation  of  the  eschar. 
The  iris  then  prolapses,  and  the  resulting  cicatrization  unites  the  iris 
to  the  cornea  (cicatrix  of  the  cornea  with  anterior  synechia).  In  a 
similar  way  adhesions  often  develop  between  the  cornea  and  the  con- 
junctiva of  the  lids  (Symblepharon),  provided  that  a  loss  of  substance 
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18  present  in  the  latter  also.  The  treatment  of  injuries  produced  by 
bums  and  caustics  has  already  received  mention  under  the  head  of  the 
analogous  injuries  of  the  conjunctiva. 

Cammcn  of  the  cornea  is  most  frequently  produced  by  lime,  which  usually  get« 
mio  the  eye  under  the  form  of  mortar.  Corroöion  with  Ume  gives  a  bad  prognosis  I 
tOMmuch  a«  Ihe  corneal  opacity  produced  by  it  has  no  tendency  to  clear  up.  Thia 
behavior  m  explained  by  the  microscopical  findings  in  a  coineül  ö[metty  of  this  8ort^ 
ibe  latter  being  caused  not^  like  ordinary  opacitiegp  by  sear  tbsue,  but  by  the  deposi- 
lion  of  «mall  opaque  particles  which  consist  of  calcium  carbonate.  For  ttua  reaaoa 
Hut  form  of  opacity  has  been  called  a  cakareous  incrustation,  To  clear  the  cornea  by 
4k»olviiig  the  calcium  carbonate.  Zur  Nedden  advises,  after  cocatnisation  of  the  eye^ 
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Pm,  112.^ — Scab  ow  thbCobmxa  Trirtiikn  Days  aftrr  Cataract  OpERATtoN.     Magnified  22  -    1, 

Tim  mcUoa  piused  obliquely  through  the  cornea  and  the  roATf^n  of  the  limbiis  L.  From  both 
l^  urn  wound,  peripheral  (limbu»)  luid  eentr&l  (corneaK  the  cpithelnim  ha*  «rt^wn  down  tnto  lb« 
If  ib*  wound,  which,  tht»rffor<»,  in  the  liviniat  eye  app«fired  under  the  form  of  a,  »tiiooth  uhitik, 
tatoiil  tbe  margin  of  the  cornea.  It  is  only  in  the  de«pcAt  Inyerä  of  ihe  come«,  thai  ihv  lamdbe 
_  ttUer  aft»  unitod  by  recently  formed  «cw  tiaane»  whiefi  also  pushe«  u»  way  tn  tMstwetsn  the  cut 
I  of  Oeaoemei's  mambrane.  m.  which  are  eurled  forward.  Sine«  the  operation  wai  made  with  an 
Bloi&y,  Utere  remain«  ol  the  iri«  nut  hing  but  a  ttump,  whoa«  cut  surface  «hows  no  trace  of  reaction. 

to  b&the  it  several  times  a  day  for  half  an  hour  at  a  lime  in  a  lO-per-<7ent  solution  of  | 
neutral  ammonium  tartrate.      I  he  more  recent  the  caae,  the  better  the  outlook  for  a 
good  rraiilt  is  said  to  be.    Zur  Nedden  advises  the  »anxe  treatment  for  clearing  tip  lead 
tacruatations  (page  1^). 

Contunons  of  the  cornea,  produced  by  force  appJie<i  t^  the  latt^^r  either  directly 
or  through  the  hds,  often  result  in  an  extensive  opacity  whirti  m-rupies  the  central 
prirttoris  of  the  cornea,  and  under  the  magnifying  glas»  can  be  reÄDlve<i  into  delicate 
|r»y  siriti*  int^erlacing  in  different  directions.  An  thin  opacity  is  situated  in  the  inter- 
totediate  and  the  deep  layers  of  the  cornea,  it  haa  been  conisidered  under  the  head  of 
beraiitts  profimda  (page  282).  The  striie  may  in  part  be  referable  to  wrinkling  of 
Dttcemet  s  membrane»  and  be  dependt^nt  upon  the  retluution  in  the  intra-ocular  p red- 
sure  that  often  occurs  after  contiwions  of  the  cornea  (see  J  86). 

Severe  contuaiona  of  the  cjrnea  may  cause  its  rupture  (ruptura  coroeav).     Such 
ruptures  are  much  less  commonly  obeerved  than  are  those  of  the  sclera«    Moreover, 
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.while  ruptures  of  the  sclera  are  generally  pretty  much  alike  in  respect  to  poeiiion  a 
direction,  ruptures  of  the  cornea  follow  no  rule  with  regard  to  the  way  they  run.  T 
is  due  to  the  fact  that  ruptures  of  the  sclera  are  ordinarily  indirect,  those  of  the  con 
are  direct  (for  explanation  of  these  terms  see  under  Rupture  of  the  Sclera,  §  53). 
most  cases  the  wounds  are  nearly  rectilinear,  but  sometimes  they  look  jagged,  and  i 
flap-shaped. 

The  healing  of  incised  wounds  of  the  cornea  takes  place  quickly  when,  as  is  pi 
eminently  the  case  in  operation  wounds,  the  edges  are  smooth  and  are  closely  appli 
to  each  other.  The  edges  of  the  wound  then  soon  become  agglutinated  by  a  mass  whi 
consists  of  fibrin  and  round  cells,  and  which  later  organize  into  a  delicate  cicatrix  bb 
ing  the  corneal  lamellae  together.  Bowman's  and  Descemet's  membranes  do  not  r 
unite.  During  the  first  few  days  the  epithelium  of  the  anterior  surface  of  the  coni< 
grows  rapidly  over  the  lips  of  the  wound  and  down  between  them,  this  involuHon  • 
the  epithelium  sometimes  extending  as  far  as  the  posterior  layers  of  the  cornea  (FSj 
112).  By  reason  of  the  permanent  adhesion  of  the  lips  of  the  wound  that  takes  plac 
later,  the  intruding  epithelium  is  gradually  squeezed  back  from  below  up  toward  tb 
surface,  and  the  epithelial  involution  disappears.  Sometimes,  however,  it  is  persisteni 
In  that  case  the  wound  externally  looks  as  though  it  had  healed  smoothly,  while  reall; 
only  the  posterior  layers  of  the  cornea  are  united  by  a  firm  cicatrix.  Such  scars  ma; 
be  ruptured  by  moderate  pressure  upon  them;  and  this  explains  why  it  is  that  th 
scar  left  by  a  cataract  operation  sometimes — it  may  be  years  afterward — splits  asunde 
on  very  slight  provocation. 

Perforating  wounds  of  the  cornea,  if  fairly  large,  sometimes  gape  a  good  deal 
This  is  especially  true  of  flap  wounds,  since  the  flap  soaks  up  the  aqueous  and  heno 
becomes  greatly  swollen,  so  that  it  projects  above  the  rest  of  the  cornea,  and  may  evei 
be  bent  double.  In  such  cases  we  may  try  to  unite  the  edges  of  the  wound  in  the  corne 
with  fine  sutures.  Unfortunately  it  then  sometimes  happens  that  a  piuiilent  infiltra 
tion  of  the  cornea  or,  in  case  the  sutures  have  extended  into  the  anterior  chamber,  a 
irido-cyclitis  is  started  by  the  sutures.  More  favorable  are  those  cases  in  which  th 
gaping  wound  in  the  cornea  is  so  placed  that  we  can  pass  a  suture  through  adjacen 
parts  of  the  limbus  and  by  drawing  them  tightly  together  can  approximate  the  lips  ( 
the  wound.  The  conjunctiva  can  be  used  in  still  another  way  for  effecting  the  unio 
of  wounds.  We  cut  suitably  shaped  flaps  from  the  conjunctiva  close  to  the  cornea  an 
these  flaps  we  sew  over  the  injured  part  of  the  cornea,  making  appropriate  traction  i 
we  do  so;  or  we  may  even  detach  the  conjunctiva  all  about  the  cornea  at  the  limbi 
and  bring  it  together  with  sutures  over  the  cornea  like  the  mouth  of  a  bag.  This  pr 
cedure  has,  of  course,  the  disadvantage  that  the  opaque  conjunctiva  hides  from  o\ 
view  the  processes  tliat  are  taking  place  in  the  eye  itself,  and,  therefore,  makes  ai 
proper  treatment  of  them  impossible.  When  the  cornea  is  much  lacerated  the  prs 
ticai  value  of  all  such  attempts  as  these  is  very  questionable,  even  supposing  that  tl 
lips  of  the  wound  heal  well.  The  cornea  remains  permanently  flattened  and  so  opaqi 
that  only  an  inconsiderable  residue  of  sight  is  left.  At  the  same  time  the  eye  b  for 
long  time  prone  to  inflammation,  and,  besides,  the  danger  of  sympathetic  ophthalmJ 
is  not  altogether  excluded,  so  that  in  these  cases  we  should  have  done  our  patient 
better  service  by  making  an  enucleation  at  once. 

In  new-bom  children  there  is  sometimes  found  a  uniformly  dense,  bluish-whit 
opacity  of  the  cornea  which  is  produced  by  contusion  of  the  cornea  during  birth  (usuall 
by  the  forceps).    The  opacity  usually  disappears  altogether  in  the  course  of  a  few  weeki 


III.  Dystrophies  of  the  Cornea. 

57.  The  dystrophies  are  chronic  disturbances  of  nutrition  in  th( 
cornea  which  find  their  expression  in  the  fact  that  very  gradually  ai 
opacity  develops  in  the  cornea,  which  opacity  steadily  increases  in  th( 
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urse  of  years.  From  inflammations  in  the  cornea  the  dystrophies  are 
>t]n^iiBhed — (I)  by  the  absence  of  external  evidences  of  inflammation, 
eh  a:^  injection,  pain,  etc.;  (2)  by  the  continuously  pro|2je8sive  eourse 
lilt*  nn  innammation  after  rcaehirii^  its  acme  recetles;  (3)  by  the  ana- 
cnical  finding  which  doe«  not  show  an  invasion  of  leucocytes  into  the 
mea,  but  degenerative  processes  such  as  fatty  degeneration  (arcus 
nilis),  the  deposition  of  calcartnius  matter  (zonular  opacity  of  the  cornea), 
'aline  degeneration  (nodular  opacity  of  the  cornea),  etc.  From  opacities 
the  narrower  sense  of  the  word  ( §  58),  i.  e.,  opaque  spot«  whi<*h  remain 
fcer  inflaniniations  or  injuries  and  which  are  stationary,  the  dystrophies 
e  distinguished  by  their  progressive  course;  in  many  cases,  also,  the 
'  irn  over  the  opaque  spot  is  dull,  proving  that  a  progressive  process 
lit. 

In  the  case  of  dystrophies  we  have  to  do  with  degenerative  processes, 
boee  cause  is  either  oUl  age  (arcus  senilis),  or  disordered  nutrition  of 
leeye  (zonular  opacity  of  the  cornea,  alteration  in  old  scars — page  303), 
ran  hereditary  tendency  (noduhir  opacity  of  the  cornea).  In  many  cases 
Realise  of  the  degeneration  remains  unknown, 

■The  physiological  type  of  dystrophies  is  the  arcus  senilis,  in  which 
Rw  and  hyaline  degeneration  is  found  in  the  cornea  (page  221),  Of 
\iv  pathologicjd  d\'strophies  the  most  freciuent  is  tfie 
onular  opacity  of  the  corneal*'  This  forms  a  gray 
tjifM*  from  3  to  5  mm.  broad,  which  passc-s  straiglvt 
crass  the  cornea,  a  little  lielow  it^s  center.  It  develops 
it h  extreme  slowness,  occupying  years  in  its  progress, 
le  fu^nt  part^  to  appear  being  the  two  terminal  points 
f  the  opaque  stripe — that  is,  the  portions  of  the  opacity 
iitg  nearest  the  out^T  and  inner  margins  of  the  cornea, 
"bese  points  are  always  separated  from  the  margin  of 
'  a  by  a  narrow,  transparent  zone,  Start  ing  from 
'"  opacity  gradually  pushes  its  way  toward  the 
liddlc  line,  where  the  two  parts  of  it  unite,  and  thus  close  in  the  opaque 
me  which  covers  the  lower  half  of  the  cornea.  This  zone  is,  accordingly, 
^lidt*st  and  most  opaque  at  its  two  extremities,  these  being  its  oldest  part« 
113),     On  examining  it  pretty  closely,  especially  with  a  magnifying 

,  we  ascertain  that  the  opacity,  which  has  a  sharply  defined  outline  on 
1  rides,  IB  composed  of  minute  white  or  gray  dots  which  lie  quite  super- 
äally  in  the  epithelium  or  directly  beneath  it;  hence  we  usually  find  the 
irface  of  the  cornea  over  the  opacity  roughened  like  shagrc^en  or  covered 
ith  minute  prominences.  Often  in  the  midst  of  the  opacity  we  see 
amded  or  irregular  areas  which  are  quite  clear  (as  shown  in  Fig.  I13)f 
r  the  opacity  is  traversed  by  fissures  and  chinks;  and  portione  of  the 
parity  may  actually  drop  off  altogether. 


Pia.  113, — Zo!*ri,AK 

«M'ACtTIf    or   TUfc 

Corn  IDA, 


Ig. 


(»Synonym:  RLbbnti-^luipecl  <>p*elty  of  Uie  cxjrnea.  cjalcansoui«  b«nd  of  tlic  oornca. 
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Zonular  opacity  of  the  cornea  generally  develops  in  eyes  which  have 
nearly  or  quite  lost  their  sight  in  consequence  of  some  intra-ocular  affection 
(irido-cyclitis,  glaucoma),  and  in  this  case  it  is  practically  of  little  signifi- 
cance. It  is  only  very  rarely  (and  then  only  in  elderly  people)  that  we 
encounter  it  in  eyes  which  are  otherwise  perfectly  sound,  so  that  here  the 
corneal  opacity  itself  is  the  sole  cause  of  the  disturbance  of  vision  (senile 
zonular  opacity) 

The  anatomical  changes  which  underlie  zonular  opacity  of  the  cornea  consist  in 
the  deposition  of  lime  in  the  form  of  very  minute  granules  m  Bowman's  membrane 
(Fig.  104,  6,  Fig.  114),  which  thus  become  opaque,  white,  rigid,  and  brittle.  In  the 
spots  where  the  calcification  is  far  advanced  we  ordinarily  find  new-formed  connective 
tissue  (Fig.  114)  on  Bowman's  membrane,  between  the  latter  and  the  epithdium. 
Owing  to  the  presence  of  this  tissue  the  surface  of  the  epitheliimi,  c,  becomes  irregular, 
a  thing  which  explains  the  granular  character  of  the  corneal  surface  over  the  opacity. 
Acting  in  the  opposite  direction  the  connective  tissue  pushes  Bowman's  membrane 


FiQ.  114. — ZoKULAR  Opacitt  OF  THE  CoBNBA  IN  AN  Atbophxc  Etbball.     Magnified  68X1. 

Bowman's  membrane,  6,  stands  out  because  of  its  dark  coloration  which  it  owes  to  minute  gnar 
ules  of  lime  deposited  in  it.  At  the  left  end  of  the  drawing  the  deposit  is  slight,  but  increases  to  the 
right  to  such  an  extent  that  the  individual  granules  can  no  longer  be  distinguished.  At  the  same  time 
the  membrane  becomes  thinner  and  on  its  posterior  surface  uneven.  Where  the  calcification  of  the 
membrans  is  the  greatest,  a  layer  of  compact  connective  tissue,  g,  is  found  lying  upon  the  latter.  At  the 
point  where  this  connective  tissue  is  most  pronounced  it  pushes  Bowman's  membrane  backward  agaiort 
the  parenchyma  of  the  cornea,  H,  and  has  caused  a  rupture  of  the  brittle  meMbrane.  Through  the 
point  of  rupture,  connective  tissue  goes  down  into  the  deeper  parts.  The  epithelium,  e,  is  normal  onljr 
at  the  spot  where  the  calcification  of  Bowman's  membrane  is  as  yet  slight;  further  along  it  is  railed 
by  the  connective  tissue  and  is  of  unequal  thickness.    Cf.  ITig.  104. 

backward,  causing  breaks  in  it  and  displacement  of  the  broken  portions.  In  advanced 
cases  minute  granules  of  lime  also  make  their  appearance  in  the  lamellae  of  the  cornea 
lying  beneath  Bowman*s  membrane. 

Zonular  opacity  of  the  cornea  depends  upon  a  disturbance  of  nutrition,  caused 
by  a  lessened  ability  on  the  part  of  the  cornea  to  withstand  external  injurious  influ- 
ences. The  position  and  extent  of  the  opacity  correspond  to  the  palpebnd  zone  of  the 
cornea — i.  e.,  that  part  of  it  which  lies  exposed  in  the  palpebral  fissure  even  when  the 
latter  Is  but  slightly  opened.  Since  this  form  of  opacity  affects  come»  which  have 
generally  been  made  insensitive  already  and  often  opaque,  too,  by  some  antecedent  . 
disease,  it  must  be  assumed  that  it  occurs  because  these  come»  are  unable  any  longer 
to  withstand  properly  the  external  injurious  influences  to  which  they  are  subjected 
in  the  region  of  the  palpebral  fissure.  If  such  influences  exert  their  effect  for  a  very 
long  time,  even  healthy  come»  may  react  to  them  by  the  production  of  a  »onular 
opacity.  Thus  Topalanski  has  seen  this  opacity  in  three  hat  makers,  into  whose  eyes 
particles  of  hairs  were  constantly  flying  from  the  hare's  skins  that  they  were  engaged 
in  cutting.  I  myself  found  zonular  opacities  of  both  eyes  in  a  phvsician  who  had  blown 
calomel  into  them  every  day  for  twelve  years.  According  to  Leber,  one  of  the  injurious 
influences  that  affect  the  palpebral  region  of  the  cornea  is  evaporation:  the  nutxient 
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Üuid  of  the  eoroeft  being  mipposed  to  be  rirhcr  in  limf  mhs  m  cades  of  sonul&r  opae- 
itjt  luid  Uiese  aalc«  being  precipUateil  unrtcr  the  influeiicet?  of  evaporation. 

The  jEonular  opacity  being  ßut>erfieiälK'  placed  can  remlily  be  removed  by  scrap* 
tug  olf  the  epithelium  and  the  cloudy  corneal  layers  imtmHliately  subjac4*nt  (abrasio 
ooraeü).  Tliere  is,  of  course,  no  object  in  doing  this  except  in  the  eases  where,  as  in 
tlie  senile  form,  we  have  to  do  with  an  eye  tliat  but  for  the  opacity  would  be  service- 
able for  vision. 

Opacities  resembling  the  arcus  senilis  arc  also  found  in  conjunction  with  other 
affeeliona  of  the  limbus — e.  g.,  with  the  growths  of  spring  catarrh,  with  small  neo* 
and  sometimes  with  a  large  Pinguecula. 

In  rare  casca  the  arcus  senilis  grows  so  broad,  especiaÜy  above,  that  it  extends 
toto  the  pupillary  area  and  thus  can  actually  cause  an  impairment  of  rnght.  A  rare 
change  occurring  in  the  arcus  senilis  consists  in  its  betxjming  steadily  \*ider  while  the 
«ornea  in  the  area  of  the  arena  becomes  thin,  so  that  a  gutter-shaptnl  deprt*ssion  is  fonned 
here,  which,  yielding  to  the  intra-ocular  prt^ssure,  becomes  ectatic  (s(»nile  marginal  atro- 
phy  of  the  cornea  or  ^riphcral  furrißwimj  k&aiiiU  of  Schmidt-Rimpler). 


>  At^' 


y 


KoDrLAit  Ofacitt  of  tub  Cohxea. 


Very  different  forms  of  d^'s trophies  have  been  describefl,  mostly  under  the  title 
of  chronic  keratitis.  But,  taking  it  all  in  all,  the  ca.sej*  are  m  rare  that  hitherto  only  a 
few  typical  pictures  of  diseases  of  this  sort  have  bc*en  constructe^i.    One  such  is: 

Nodular  Opacity  of  the  Cornea  (Ciroenouw).  In  the  cornea  are  gray  spote  of 
rounded  or  irregular  shape.  The  largest  occupy  the  area  of  the  pupil  and  aometimee 
eoaleaec  to  form'  quite  large  irregular  figures  (Flg^.  115  and  11Ö).  The  smaller  3iK)ts  lie 
ta  the  periphery  of  the  cornea  and  are  sometimes  arrange<l  in  the  fornj  of  an  irregiilaj- 
drcle.  The  sjwts  are  quite  superficial,  and  the  cornea  shows  elevations  corresponding 
to  them.  The  unevenneas  of  the  corneal  surface  thus  produced  contributes  not  a  little 
to  the  iiut>airment  of  the  sight.  Between  the  spots  the  oomca  shows  a  faint  uniform 
oknidim^sd. 

In  the  allied  Lattice -»shaped  Opacity  of  the  cornea  there  is  present  together 
with  the  sp«its  a  network  of  minute  lines  in  the  cornea  (Haal),  Dimmer;,  Both 
fonnii  of  keratitis  usually  biggin  in  youth  antl  hist  for  hfe,  sliglit  inflammatory  symptoms 
making  their  appearance  now  and  then^  while  the  spcits  themselvt«  veiy  gradually 
•  inereaae.  They  frequently  occur  in  several  members  of  the  same  family.  Their  eti* 
ology  is  unknown. 

Anot  her  form  is  the  Dystrophia  epithelialls  comeie,  Tliere  is  found  in  the  cornea 
a  diffuse*  opacity  which  is  most  intense  in  the  pupillary*  area,  and  which  without  any 
eharp  line  of  demarcation  fades  olT  into  the  transparent  margin  of  the  cornea.  The 
Dio6t  pronounced  change  affects  the  epithelium,  which  is  coarwly  roughened  and  looks 
iwoUen«  and  in  advanced  cases  also  regularly  shows  vesicular  elevations.  These  last^ 
becattse  they  are  transparent,  appear  when  seen  against  thr  pupil  as  black  sfsits,  stand- 
ing out  upon  the  opacity.  This  proves  that  the  opacity  is  situateii  for  the  most  part 
in  the  epithelium;  but  if  we  scrape  the  latter  away»  we  find  in  the  up|M^nnost  layers  of 
the  corneal  parenchyma  a  faint  gray  opacity  which  can  be  resolvrxi  by  means  of  a  strong 
into  extremely  minute  gray  dots.    The  dilTuse  api>earance  of  the  opacity,  the 
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marked  alteration  of  the  epithelium,  and  lastly,  the  simultaneously  present  insenä- 
tiveness  of  the  cornea,  correspond  to  the  picture  of  a  marked  ^auoomatous  opacity 
of  the  cornea. 

However,  all  other  evidences  of  glaucoma  are  wanting,  except  in  those  not  in- 
frequent cases  in  which  a  secondary  increase  of  tension  is  superadded  to  the  change  in 
the  cornea.  The  disease  attacks  elderly  people,  and  sometimes  only  one,  sometimes 
both  eyes.  It  begins  with  slight  symptoms  of  irritation,  or  without  any  irritation  at 
all,  so  that  in  the  latter  case  the  disturbance  of  vision  is  the  only  thing  that  calls  the 
patient's  attention  to  his  trouble.  The  opacity  steadily  increases  in  the  course  of  years, 
so  that  ultimately  even  counting  the  fingers  is  scarcely  possible.  The  cause  of  the 
disease  and  also  an  effective  treatment  of  it  are  unknown. 

Dystrophies  of  the  cornea  which,  however,  can  undergo  retrogression  are  produced 
by  the  action  of  chemical  sources  of  injury;  occurring,  for  example,  in  workmen  who 
are  engaged  in  the  manufacture  of  aniline  dyes  and  of  napthaline,  or  in  dyeing  with 
aniline  colors,  and  who  are  exposed  for  years  to  the  emanations  from  these  substances. 
In  this  case  there  develops  gradually  a  pretty  deep,  smoky-gray  or  brownish  opacity 
which  occupies  chiefly  that  portion  of  the  cornea  which  lies  in  the  palpebral  fis- 
sure; the  surface  of  the  cornea  over  the  opaque  parts  is  coarsely  roughened.  Inflam- 
matory symptoms  are  absent.  The  opacity  is  situated  in  the  epithelium  and  the 
most  superficial  layers  of  the  cornea  itself  and,  provided  work  in  the  manufac- 
tory is  given  up,  disappears  after  rather  a  long  time — sometimes  after  over  a  year- 
has  elapsed. 

A  peculiar  sort  of  opacity  and  coloration  (hloodstaining)  develops  when  the  an- 
terior chamber  remains  for  some  time  filled  with  blood.  Then  the  cornea,  because  it 
takes  up  the  coloring  matter  of  the  blood,  assumes  an  intense  reddish,  brownish,  or 
brownish-green  color,  and  at  the  same  time  becomes  so  opaque  that  the  parts  beneath 
can  no  longer  be  distinguished  through  it.  It  gradually  clears  again,  beginning  at  the 
edge,  but  only  in  rare  cases  becomes  once  more  perfectly  transparent,  and  then  only 
after  montlis  or  years  have  elapsed.  In  that  stage  in  which  the  central  brown  portion 
is  surrounded  by  a  narrow  marginal  zone  which  has  regained  its  transparency,  it  looks 
as  if  a  brown-colored  crystalline  lens  had  prolapsed  into  the  anterior  chamber  and  was 
lying  behind  the  cornea  (Vossius,  Treacher  Collins,  etc.). 

[Analogous  to  the  dystrophies  of  the  cornea  are  some  of  the  metamorphoses  which 
occur  in  corneal  opacities  and  which  are  due  in  the  main  to  degenerative  processes 
caused  by  insufficient  nutrition.  Such  are  the  amyloid,  hyaline,  and  ctfcareous  concre- 
tions which  are  deposited  in  old  opacities  and  which  often  lead  to  softening,  disintegra- 
tion, and  even  perforation  of  the  cornea  (see  page  303). 

For  abnormal  pigmentation  of  the  cornea,  either  congenital  (melanosis  comesc)  or 
acquired,  see  page  303.— D.] 


IV.  Opacities  of  the  Cornea. 

44.  Opacity  of  the  cornea  is  a  constant  accompaniment  of  every 
inflammation  of  the  latter.  This  recent  inflammatory  opacity  is  of  a 
changeable  nature,  increasing  or  diminishing  according  to  the  course  of 
the  inflammation.  From  this  variety  we  must  distinguish  those  opaci- 
ties which  are  permanent,  and  represent  either  the  residua  of  an  inflam- 
mation that  has  already  run  its  course,  or  the  results  of  an  injury.  These 
permanent  opacities,  of  which  alone  we  shall  treat  here,  we  call  opacities 
of  the  cornea  in  the  narrower  sense  of  the  word.  They  are  by  far  the 
most  frequent  cause  of  poor  sight,  and  hence  have  a  particular  claim  upon 
the  interest  of  the  physician. 
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R»rmanent  opacities  of  the  cornea  are  in  most  cases  the  consequence 

a  keratitis,  either  suppurative  or  non-suj^purutive.     In  the  fir.st  case 

e  tissue  of  the  cornea,  which  has  been  dest roved  by  suppuration,  is 

phiced  by  cicatricial  tissue,  and  the  opacitie^s  therel»y  produced  are 

meal  cicatrices  in  the  proper  sense  of  the  word.     In  this  category 

are  to  be  counted  most  opacities  which  reniain  after  injuries.    The 

fmea    may    also    have   opacities    remaining   after   a   non-suppurative 

keratitis,  either  because  its  tissue  has  been  so  altered  by  the  deposition  of 

if  a  former  exudate  that  it  does  not  regain  its  physiuh>gif al  transparency 

ren  after  the  exudate  has  vanished,  or  because  the  exudate  itself  in  part 

comes  organized  and  thus  remains  as  new  tissue  in  the  cornea  (an  ex- 

ple  is  a  pannus  wliieh  has  been  transformed  into  connective  tissue). 

pacities  that  are  situated  in  the  epithelium  only  are  comparatively 

occurring,  for  instance,  in  those  cases  in  which  the  epithelium 

result  of  constant   mechanical  irritation — in  trichiasis — becomes 

ickened  and  hence  opaque. 

The  appearance  of  opacities  of  the  cornea  varies  according  to  their 
of  intensity  and  their  age.      Faint   opacities  appear  as  trans- 
cent    bluish-wliite  spots   with    outlines   ahogether   hazy — macula:   or 
ubecxilfT   corner.      Dense   opacities    are  grayish-white   or   pure    white, 
d  are  usually  pretty  sharply  outlined;    moreover,  in  the  beginning 
they  are  apt  to  be  traversed  l>y  ve.ssels  which  afterward  become  fewer 
or  dii^appear  altogether.     The  surface  of  the  o{>acity  generally  lies  on 
a  level  with  the  adjacent  healthy  cornea,  especially,  if  the  opacities  are 
mall,  although  elevaticm  or  depression  of  the  surface  of  the  cornea  at 
lie  site  of  the  scar  is  also  observed.     Elevation  of  the  surface  is  corn- 
only  the  result  of  an  ccfasis  of  tlie  scar.     More  rarely  it  is  caused  by 
cessive  development  of  cicatricial  tissue,  or  by  tliickening  of  the  epi- 
elium  upon  the  surface  of  the  scar.     Depres.sion  of  the  surface  of  the 
rnea  at  the  site  of  the  scar  occurs  most  frequently  in  the  case  of  small 
arg  from  the  incomplete  filling  up  of  the  ulcer  with  cicatricial  ti.ssue 
^acti  of  the  cornea).     In  the  case  of  larger  scars  that  have  develojied  in 
nsequence  of  extensive  perforation  of  the  cornea,  or  more  rarely  as 
result  of  a  severe  non-purulent  keratitis,  a  flattening  of  the  entire 
rnea  may  follow  from  the  retraction  of  the  cicatricial  tissue  (applanaiio 
rfie^i).      This    is    especially    apt    to    occur    if    a    plastic     irido-cyditis 
been  present  simultaneously  with  the  inflammation  of  the  cornea; 
on    account    of    this    irido-cyclitis,    extensive    membraimus    exu- 
date»  are   deposited  in  the  interior  of  the  eye,   which   by   their   con- 
action  diminish  the  intra-ocular  pressure,  and  so  favor  the  flattening 
the  cornea. 
With  many  scars  incarceraiion  of  the  iris  occurs.    This  is  a  proof  that 
has  been  an  antecedent  perforation  of  the  cornea;  hence  such  scars 
always  ver>"  opaque.    It  is  important  to  determine  in  any  special  case 
hether  a  scar  of  the  cornea  is  or  is  not  connected  with  the  iris,  since  an 
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incarceration  of  the  iris  may  entail  serious  consequences.  We  recognize 
the  presence  of  such  an  anterior  sjniechia  by  the  displacement  of  the  pupil 
toward  the  site  of  the  incarceration,  and  furthermore  by  the  unequal 
depth  of  the  anterior  chamber,  which  is  always  shallower  near  the  place 
where  the  iris  is  adherent.  In  many  cases,  also,  the  dark  color  of  the  cica- 
trix gives  evidence  of  the  incarcerated  iris,  the  pigment  of  which  shows 
through  the  cicatricial  tissue  (Fig.  117  A). 

The  union  between  iris  and  cicatrix  is  often  confined  to  quite  a 
small  spot,  so  small,  sometimes,  that  only  a  very  fine  filament  rises 
from  the  iris  and  passes  over  to  the  scar  in  the  cornea.    At  other  times, 


Fio.  117  B. 


Fia.  117A. — Scab  or  the  Cornea  with  Anterior  Stnbchia.  Produced  by  an  uloer  in  the 
course  of  a  conjunctivitis  ecxematosa.  The  dark  central  portion  of  the  scar  is  surrounded  by  a  white 
ring.    The  pupil  is  displaced  toward  the  scar. 

FiQ.  117  B. — Section  Through  a  Scar  with  Incarceration  of  the  Iris.  The  iris  runs  from 
the  ciliary  body  to  the  scar,  and  in  thi«  part  of  its  course  is  greatly  thinned  and  is  adherent  to  the  pos- 
terior surface  of  the  cornea,  so  that  the  sinus  of  the  chamber  is  obliterated,  a  condition  which  may  sub- 
sec^uently  lead  to  increase  of  tension.  In  the  scar  itself  the  iris  is  thick  and  puckered.  On  the  pos- 
terior surface  it  is  covered  with  the  retinal  pigment  layer,  on  its  anterior  merely  with  ej>ithelium.  so 
that  if  the  latter  were  removed,  the  tissue  of  the  iris  would  be  directly  exposed.  Scar  tissue,  n  m,  is 
found  only  between  the  iris  and  the  edge  of  what  was  formerly  the  perforation  opening.  It  fills  up 
the  space  between  the  two  which  is  triangular  in  cross  section.  It  is  this  scar  tissue  that  eorreeponos 
to  the  white  ring  which  in  Fig.  117A,  surrounds  the  dark  incarcerated  iris. 

• 

on  the  contrary,  broad  adhesions  exist,  and  there  may  even  be  an 
incarceration  of  the  entire  pupillary  margin  of  the  iris  in  the  cicatrix 
(Figs.  122  and  123). 

The  question  whether  a  scar  of  the  cornea  is  or  is  not  connected  with 
the  iris  is  of  the  greatest  significance  for  the  future  of  the  eye.  For  incar- 
ceration of  the  iris  entails  two  dangers — ^increase  of  tension  and  purulent 
inflammation  of  the  interior  of  the  eye. 

With  regard  to  increase  of  tension  we  may  stand  by  the  rules  set  forth 
in  the  following  plan : 


Scare  without  f  Flat:  no  increase  of  tension, 

incarceration  of  the  iris  \  Ectatic  (keratectasia) :  increase  of  tension  frequent. 


Scars  with 


incarceration  of  the  iris 


f  r Pupillary  margin  partly  free:  no  increase  of  tension. 

J  Flat«^  Pupillarj'  margin    totally    incarcerated:    increase    of 


r 


tension  always  occure. 


Ectatic  staphyloma:  increase  of  tension  always  occurs. 
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In  the  two  cases  last  given,  increase  of  tension  is  absent  if  there  is 
a  counteracting  influence  atTorded  by  other  changes  which  act  to  diminish 
I"  the  tension  (e.  g,»  fistula  of  the  cornea,  shrinking  exudates  in  the  vitre- 
ous).    Unless  aid  is  soon  given  by  means  of  operation  an  eye  afifected 
with  iacreaae  of  tension  is  lost/* 

Purulent  inflammation  often  sets  in  quite  suddenly  and  unexpectedly 
in  old  scars  with  incarceration  of  the  iris.  If  an  irido-cyclitis  with  hypo-, 
pyon  is  present  an  actual  panophthalmitis  may  develop.  This  infiam- 
ition  is  referable  to  a  slight  lesion  of  the  epithelium  which  covers  the 
Any  defect  in  epithelium  makes  it  liossible  for  Imeteria  to  enter  a 
tissue.  If  the  epithelial  defect  is  found  in  a  normal  cornea  or  in  a  scar 
of  the  cornea  wiiich  is  not  connected  with  the  iris,  an  ulcer  in  the  cornea^ 
or  in  the  scar  is  produced  by  the  infection.  If,  however,  in  the  case  of 
an  incarceration  of  the  iris  the  imbedded  iris  lies  beneath  the  epithelium 
(Fig.  117B)  the  bacteria  as  they  enter  get  into  the  iris  directly,  and  pa*ss 
back  in  this  to  the  ciliary  body  and  set  up  a  purulent  irido-cyclitis, 
[According  to  some,  however,  it  is  not  necessary  to  have  incarceration 
of  the  iris  in  order  to  produce  this  result.  If  the  scar  is  aÄSOcinted  with 
a  defect  of  Descemets  membrane  even  a  superficial  purylent  infiltration 
in  the  tissue  over  this  defect  may  give  rise  to  a  peculiarly  rapid  de- 
structiv^e  inflammation  of  the  eye.^D.]  The  danger  of  this  *Mate  in- 
fection" of  old  scars  is  the  greater  in  proportion  as  the  layer  of  scar 
tissue  which  covers  the  incarcerated  iris  is  thinner,  a  thing  which  can  be 
recognized  from  the  way  in  which  the  dark  color  of  the  pigmented  iris 
shows  tlirough.  The  danger  is  greater  in  ectatic  than  in  flat  scars,  be- 
cause the  former  are  generally  thinner  and  because  owing  to  their  promi- 
nence the  epithelium  on  their  summit  is  more  exposed  to  the  effect  of 
slight  injuries. 

45.  Disturbance  of  Vision  Produced  by  Opacities  of  the  Cornea. — 
Every  opacity  which  falls  wholly  or  in  part  witliin  the  pupillary 
region  of  the  cornea  results  in  disturbance  of  vision;  for  the  sum  of 
(incident  rays  at  the  site  of  the  opacity,  instead  of  being  all  permitted 
pass  through  the  cornea,  is  divided  into  two  parts;  one  part  is  ab- 
sorbed by  the  scar  or  is  reflected  ofT  from  it;  tlie  other  part  penetrates  I 
through  it  into  the  eye.  The  relation  between  these  two  parts  de|>entl8 
upon  the  density  of  the  opacity:  the  denser  it  is,  the  more  numerous 
are  the  reflected,  the  less  numerous  the  transmitted,  rays.  Hence  the 
cicatrix  does  harm  by  cutting  off  light.  To  be  sure,  this  factor  bt^cnmes 
a  matter  of  serious  consideration  only  in  very  dense  opacities»  since 
we  are  able  to  see  with  very  much  less  light  than  we  usually  get.  Thus 
we  see  thnmgh  a  stenopieic  slit  scarcely *less  clearly— and  if  affected  with 
an  error  of  refraction  even  more  clearly  f§  140) — than  with  the  naked 
eye,  although  the  süt  allows  l>ut  little  light  to  pass.     So,  also,  people 


"An  underhand ictir  of  the  diiTorent  way.«i  in  whicfi  th«  tetieiichn  of  th<*  e\T»  behavwi  \»  obtained  from 
tbe  t««<!hteiKa  on  tht>  ^ubj^rrt  of  i«eclu«io  ptipillK^  {\  68)  and  the  anatnmical  rauMpa  of  iclaucoma  i\l  8* 
ladde). 
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with  abnormally  contracted  pupils  are  still  able  to  see  with  perfect 
distinctness.  The  real  cause  of  the  disturbance  of  vision  produced  by 
corneal  opacities  is  not,  therefore,  the  cutting  off  of  light,  but  rather 
the  scaMering  {diffusion)  of  light.  For,  rays  passing  through  a  turbid 
medium,  such  as  a  cloudy  cornea,  are  not  regularly  refracted,  but  are 
scattered  in  all  directions,  just  as  if  they  emanated  from  the  turbid 
stratum  itself.  Thus,  when  a  physicist  requires  a  uniform  illumination, 
he  makes  the  light  from  a  luminous  body  pass  through  a  ground-glass 
plate  or  through  oiled  paper,  substances  which  may  then  be  considered 
to  act  as  self-luminous  bodies  themselves.  The  diffusion  of  the  rays  is 
the  more  complete  the  denser  the  opacity. 

With  respect  to  the  density  and  the  extent  of  the  opacity,  the  fol- 
lowing cases  are  possible:  1.  A  dense  opacity  occupies  the  whole  pupil- 
lary region  of  the  cornea.  Then  all  the  light  that  issues  through  the 
scar  is  diffused;  no  image  at  all  of  external  objects  is  formed  upon  the 
retina,  and  therefore  there  can  not  be  qualitative  but  only  quantitative 
vision.  2.  A  faint  opacity  covers  the  whole  pupillary  area.  In  this 
case  the  diffusion  of  light  is  not  complete.  A  part  of  the  rays  is  re- 
fracted, although  not  quite  regularly;  another  part  is  diffused.  Hence 
there  are  retinal  images  formed,  which  are,  however,  indistinct;  and, 
besides,  there  is  much  diffused  light.  3.  Only  a  part  of  the  pupillary 
region  is  taken  up  by  the  opacity,  while  the  remaining  part  is  normally 
transparent.  Then  distinct  retinal  images  are  produced  by  means  of 
the  latter  clear  portion,  but  at  the  same  time  much  diffused  Kght  is 
throw^n  into  the  interior  of  the  eye  by  means  of  the  clouded  portion. 
Hence  in  this  case  also  vision  is  disturbed,  and  that  by  the  dazzUng 
which  the  diffused  light  causes. 

To  the  disturbance  of  vision  produced  by  diffusion  there  is  often 
added  that  caused  by  the  irregular  curvature  of  the  corneal  surface, 
which  is  so  frequently  present  at  the  site  of  opacity.  There  is  thus  pro- 
duced that  refractive  condition  which  is  designated  by  the  name  of 
irregular  astigmatism  (see  §  149).  If  the  opacity  of  the  cornea  corre- 
sponds to  a  flattening  of  the  surface,  as  in  facets  of  the  cornea,  this 
spot  refracts  less  strongly  and  is  hypermetropic;  if  the  cornea  is  bulged 
forward  at  the  site  of  the  opacity,  as  in  the  case  of  ectasise,  excessive 
refraction,  and  hence  myopia,  are  produced.  In  ectatic  cicatrices  of 
the  cornea  the  abnormality  of  curvature  is  not  confined  to  the  scar, 
but  extends  to  the  neighboring  transparent  portion  of  the  cornea  also^ 
so  that,  as  a  rule,  no  portion  of  the  cornea  retains  its  normal  curvature. 
In  consequence  of  the  irregular  astigmatism,  objects  appear  indistinct,, 
distorted,  and  often  also  double  or  multiple. 

The  disturbance  of  vision  produced  by  an  opacity  of  the  cornea 
often  entails  still  other  indirect  resuUs,  Among  these  are  strabismus, 
nystagmus,  and  myopia.  The  last  named  is  in  many  cases  only  appar- 
ent. The  patient  with  corneal  opacities  brings  minute  objects  unusu- 
ally close  to  his  eye,  in  order  to  make  their  retinal  images  as  large  as 
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sible,  und  so  in  a  measure  compensate  for  their  indistinrtness.  Never- 
^helasi«,  elongation  of  the  uxh  of  the  eye— i.  e.,  true  myopia— may 
ilti mutely  develop  in  consequence  of  the  great  accommodation  and 
>nvergence  necessitated  through  such  an  excessive  approximation  of 
dbjeets. 

Trealment.— The  cliief  task  that  tlus  has  to  attend  to  is  to  improve 
^he  sight.     The  meani?  employed  for  tliis  purpose  are  as  follows: 

(o)  Clearing  up  of  the  Opacity, — In  the  case  at  every  opacity  of 
pnt  date  we  must  first  try  to  clear  it  up  as  much  as  possil)le  by  the 
ippHcation  of  irritants  (see  page  245).  [As  Pylt*  has  pointed  out,  it  is 
Iparticularly  imix)rtant  to  do  this  in  the  case  of  young  children— first, 
tlx'causf  we  are  much  more  likely  to  suceeoil  in  clearing  up  opacities  in 
rtheni  than  in  adults  (see  page  241);  second.  Irecause  the  indirect  results 
of  the  opacities,  such  a^  myopia  (see  page  300),  are  particularly  apt  to 
■  develop  and  advance  in  childhood;  and,  third,  because  if  such  indirect 
suits  have  already  begun,  it  is  much  easier  to  check  them  at  the  out- 
et than  later.— DJ 

In  older  opacities,  which  can  not  1>e  cleared  up  any  further  by  me- 
iicinal  means,  the  next  step  apparently  would  be  to  render  the  cornea 
transparent  once  more  by  excising  the  opaque  layei^  with  the  knife. 
3ueh  attempts,  however,  have  resulted  unf?uccessfully,  for  the  loss  of 
substance  resulting  from  the  excision  of  the  opacity  heals  again  with 
the  formation  of  cicatricial  tissue — that  is,  with  the  formation  of  an 
opacity,  just  as  before.  Removal  of  opacities  by  operation  is  indicated 
only  when  they  are  situated  in  the  epithelium,  since  losses  of  epi- 
lielium  are  made  good  l)y  normal  transparent  epithelium.  Cases  in 
I'hich  removal  of  the  epithelium — ahrasio  cornea — is  indicated,  are 
hose  in  which  the  epithelium  has  been  thickened  Ijy  mechanical  irrita* 
lion,  as  in  trichiasis;  also  in  those  in  which  lead,  lime,  or  grains  of 
'^wder  are  imbedded  in  the  epithelium,  and  finally  in  some  cases  of 
^ular  opacity  of  the  cornea. 

(6)   The  ojiiical  aids  tliat  may  be  employed  for  improving  the  sight 

"glasses  and  the  stenoj>Beic  aperture.     The  object  of  the  latter  is  to 

bring  nothing  but  the  transparent  part  of  the  cornea  into  use  for  vision» 

ind  to  exclude  the  portion  Ijonring  the  opacity,  by  which  means  the 

[dazzhng  due  to  difTusion  is  prevented,     (dasses  may  sometimes  be  of 

idvnntage  when  the  opacity  is  complicated  with  changes  in  the  curva- 

"^^ture  of  t  he  cornea. 

(r)  Displaremeni  of  the  pupil  hy  means  of  iridectomy  (after  the 
^method  of  Beer)  is  generally  the  only  means  of  restoring  sight  in  the 
tase  of  dense  opacities  which  entirely  conceal  the  pupil.     Iridectomy 
also  indicated  when  it  is  not  a  question  of  producing  an  optical  im- 
provement,   but    of   checking   the   injurious    consequences    that    many 
rars  cause,  such  as  increase  of  tension  and  late  infection.     (For  the 
|indications  and  the  method  of  performing  this  operation,  see  the  section 
E^Q  operations,  §  156.) 
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In  large  and  very  white  scars  of  the  cornea  it  is  often  desirable 
to  do  away  with  the  disfigurement  that  they  produce.  For  accomplish- 
ing this  purpose,  tattooing  of  the  cornea  (De  Wecker)  is  of  service.  This 
procedure  depends  upon  the  observation  that  many  bodies,  as,  for 
example,  grains  of  powder,  may  become  imbedded  in  the  cornea  and 
remain  there  permanently.  Tattooing  consists  in  giving  the  white  scar 
a  black  tint  by  means  of  India  ink,  which  is  introduced  into  the 
cicatricial  tissue  by  being  repeatedly  pricked  in  with  a  needle.  The 
tattooing  needles  used  for  this  purpose  consist  either  of  a  bundle  of 
ordinary  sharp-pointed  needles  (Taylor),  or  of  a  single  broad  needle 
which  is  channeled  for  the  reception  of  the  ink  (grooved  needle  of 
De  Wecker). 

From  the  form  and  position  of  corneal  opacities  we  may  often  gather  an  impression 
as  to  the  variety  of  keratitis  to  which  they  owe  their  origin.    Thus: 

(a)  Maculffi  of  the  cornea  originate  from  small  corneal  uloens.  They  most  fre- 
quently develop  in  childhood  as  a  consequence  of  conjunctivitis  eczematosa,  and  in 
that  case  are  often  distinguished  by  being  situated  on  the  margin  of  the  cornea.  Quite 
characteristic  opacities  are  the  elongated  ones  that  are  left  by  a  vascular  fasciculus. 
These  after  they  have  lasted  a  long  time  clear  up  in  the  portion  that  adjoins  the  mar- 
gin of  the  cornea. 

(h)  Opacities  which  are  faint  and  diffused,  but  which  are  nevertheless  spread 
over  the  greater  part  of  the  cornea,  are  mostly  the  result  of  pannus  or  of  parenchyma- 
tous keratitis.  Opacities  resulting  from  pannus  are  situated  superficially,  while  those 
due  to  parenchymatous  keratitis  are  situated  in  the  depth  of  the  cornea,  and  when 
examined  with  the  magnif3ring  glass  disclose,  even  years  after  the  inflammation  has 
ceased,  the  presence  of  deep-seated  vessels  (Hiischberg). 

(c)  Extensive,  tendinous-looking  opacities,  without  incarceration  of  the  iris,  in 
which  chalky-white  dots  are  often  visible,  are  observed  after  particularly  severe  cases 
of  parenchymatous  keratitis.  Similar  white  dots  also  occur  sometimes  in  the  opacities 
due  to  pannus  (see  page  169) ;  also  in  those  resulting  from  corrosion  by  lime,  in  this 
case  depending  upon  imbedded  calcareous  particles.  Finally,  scars  with  incrustation 
of  lead  are  also  distinguished  by  a  sharply  circumscribed,  extremely  white  opacity 
(page  134). 

(d)  Marginal,  crescentic,  or  arcuate  opacities  are  the  consequence  of  catarrhal 
ulcers  or  of  keratitis  marginalis  profunda;  they  should  not  be  confounded  with  an 
arcus  senilis. 

(e)  Marginal  scars  with  incarceration  of  the  iris  form  after  perforating  ulcers  in 
conjunctivitis  eczematosa.  They  are  round,  often  consisting  of  a  thinner,  dark  center 
(the  incarcerated  iris)  surrounded  by  a  white  cicatricial  ring  (Fig.  117  A).  They  lie  so 
far  peripherally  as  often  to  extend  into  the  limbus,  and  on  account  of  this  peripheral 
situation  are  associated  with  a  particularly  marked  displacement  of  the  pupil  (Fig.  91). 

(/)  Large,  dense  scars  with  inclusion  of  the  iris,  which  often  occupy  the  whole 
cornea  except  a  narrow  rim  about  the  margin,  are  most  frequently  produced  by  an  ulcus 
serpens  or  by  gonorrhoeal  conjunctivitis.  The  same  sort  of  extensive  cicatrices  also 
occur  after  keratomalacia,  diphtheria,  and  burns;  in  the  last  two  cases  scars  upon  the 
conjunctiva  are  never  wanting,  and  conduce  to  the  correct  diagnosis. 

(g)  Sharply  defined  punctate  or  striate  scars  are  the  result  of  traumatism,  whether 
effected  by  accident  or  by  design  (operation). 

(h)  Dense,  white  scars,  which  occupy  the  lowermost  part  of  the  cornea  and  ter- 
minate above  in  an  almost  horizontal  border,  are  caused  by  keratitis  e  lagophthalmo. 
Sometimes  we  see  men  in  whom  such  scars  are  present  in  both  eyes.  In  this  case  the 
scars  are  usually  the  consequence  of  some  severe  disease,  in  which  a  condition  of  som- 
nolence and  a  resulting  imperfect  closure  of  the  lids  were  present  and  lasted  for  some 
time. 


DISEASES  OF  THE  CORNEA. 


303 


(f)  Qiiaciiies  in  the  lowermoet  part  of  the  eomca  having  the  shape  of  a  triangle 
ih  its  apex  directed  upward  are  the  result  of  a  parenehyniatous  keratitis  which,  con- 
to  rule,  has  become  localieed  in  the  lower  half  of  the  coriH^a»  or  they  lire  due  to 
depofiition  of  an  exudate  upon  the  posterior  eorneal  eurfaee. 

\ji  Small,  bluish-white  opacities  which  are  situated  at  the  margin  of  the  cornea 
project  into  tiie  transparent  part  of  it  under  the  form  of  obtuse-angled  tnangleay 
Uw  residua  of  a  sclerosing  keratitis. 
Opacities  that  are  produced  by  the  deposition  of  an  exudate  sometimes  exhibit 
an  ftdhwiion  of  the  iris  to  the  cornea,  and  hence  belong  to  those  rare  cases  in  which  an 
imkhar  nyncchia  cxüU  itithotä  a  pntimimiry  jMrforatmi  of  the  cornea.  The  iris  is 
dmwn  up  to  the  |x>sierior  surface  of  the  cornea  by  the  exudate,  wtiile  the  latter  is  con- 
trmoting  and  undergoing  organ izat ion ,  und  becomes  fixed  there.  In  a  similar  way  an- 
tcnor  synechia  without  preliminary  perforation  of  the  cornea  is  observed  in  those  cases 
m-hieh  the  iris  has  been  pushe<l  forward  as  far  as  the  posterior  surface  of  the  cornea 
d  kept  there  for  some  time.  The  iriy  in  such  cases  becomes  agglutinated  to  the  cornea 
In  spots,  and  if  it  afterward,  either  spontaneously  or  as  the  rt^ult  of  an  iridectomy, 
letums  to  its  normal  poi?ition,  tb<»se  agglutinated  parts  of  it  remain  atlaehetl  to  the 
cornea.  We  then  either  find  the  iris  extensively  adherent  to  the  cornea,  or  one  or  two 
ta^  arise  from  it,  whose  apices  are  insert wl  into  the  posterior  corntnil  surface.  The 
same  thing  may  take  place  if  the  anterior  chaml>er  has  been  effaced  for  s^ime  length 
of  tune^  so  that  iris  and  cornea  have  been  directly  in  contact  with  each  other. 


PlO.    118, Sc  A«    or    TUM    COHNEA    WITH    STRIATA    Cl.EARl?ta. 


Scars  of  the  cornea  often  undergo  subaequent  metamorphoHc».     It  often  happen» 
that  faint  scars  dating  from  childhood  no  longer  appear  in  adult  life  under  the  gui^e 
of  a  continuous  opacity,  but  are  traversed  by  clear  striie,  interlacing  in  all  directions 
and  thus  dividing  the  opacity  into  small  äeparate  areas-  in  other  eiu^\s  the  tran^^parcnt 
follow  the  branching  of  vessels  which  had  been  present  in  the  scar  when  il  Wiia 
Hill  recent  (Fig.  118).    This  peculiar  aspect  of  an  opacity  always  indicates  that  the 
ittcr  has  lasted  a  very  long  time.    The  explanation  of  it  probably  ts  that  in  the  intersti- 
l  growth  of  the  coniea  new-formetl  transjiarent  fibers  develop  between  the  old  opaque 
It  ma}'  also  happen  that  scars,  originally  tlut,  later  become  ectatic,     Markedly 
ectatic  scars,  the  most  prominent  point  of  which  is  but  incomplet(»ly  covered  by  the  hds, 
not  infrequently  display  at  this  point  a  xerotic  condition  of  llie  epithelium,  which  looks 
dry  and  epidermoid.     In  old,  dense  s<*ärs,  yelkiw  spots  sometimes  develop,  caused  by 
^Blhe  deposition  of  concretions  of  a  hyaline  or  amyloid  substance.    Small,  chalky-white 
^Bpccks  imbedded  in  the  scars  are  to  be  refern**!  to  a  deposition  of  hme.    In  fact., small 
^^palcareous  plat/^s  are  frequently  thus  formetJ,  which,  when  they  become  loose,  can  be 
^^pcked  off  with  a  forceps.     In  these  castas  we  have  lo  do  with  different  varieties  of  ret- 
^^ograde  metamorphosis,  which  are  referable  to  an  insufficiency  of  nutrition  of  the  dense 
oicatriciai  tissue  (dystrophies,  see  page  293).    Such  processes  may  give  rise  to  the  soft- 
ening and  ulcerative  disintegration  of  old  scars — so-called  atheromatous  ulcers,  which 
not  infrequently  induce  perforation  {page  249). 

By  meiaiioM^  corneas  is  meant  i%  congenitxd  pigmentation  of  the  cornea.     This 

ccupies  the  middle  portion  of  the  eomea  and,  as  can  be  proved  by  focal  illumination, 

in  the  deepest  layers.    It  is  usually  preseni  in  both  eyes  and  symmetrically  in  the 

(Krukenberg,  Stock,  and  others).     Differing  from  this  ia  tliat  acquired  pigmenta- 
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tion  of  the  most  posterior  layers  of  the  cornea,  which  occasionally  develops  when  the 
anterior  chamber  has  been  obliterated  for  some  time  and  meanwhile  pigment  has  got 
into  the  cornea  from  the  apposed  iris.  Again,  by  a  way  analogous  to  that  in  which 
pigmented  precipitates  are  formed,  iris  pigment  may  be  cast  on  the  posterior  surface  of 
the  cornea  in  irido-cyclitis  and  during  operations  in  the  anterior  ch£m[iber. 

Pressure  opacity  of  the  cornea  is  the  form  of  opacity  which  develops  in  connection 
with  an  elevation  of  the  intra-ocular  tension.  It  is  a  diffuse,  smoky  opacity,  which  ia 
most  marked  in  the  center  of  the  cornea  and  gradually  diminishes  toward  ita  noarg^n. 
That  it  is  not  of  inflammatory  nature  is  proved  by  the  fact  that,  after  the  disappearance 
of  the  rise  in  tension,  it  very  soon — often  in  less  than  an  hour — vanishes  completely, 
which  would  not  be  possible  if  it  depended  upon  an  inflanmiatory  infiltration  of  the 
cornea.  In  fact,  the  pressure  opacity  is  simply  an  ccdema  of  the  cornea,  which  is  situated 
mainly  in  the  epithelium,  and  which  is  capable  of  rapid  subsidence  (see  Fig.  221). 

Likewise  of  non-inflammatory  origin  is  the  traumatic  striate  opacity  of  the  cornea 
(page  286). 

Congenital  opacities  of  the  cornea^  although  rare,  do  occur,  some  being  of  inflanmia- 
tory, some  of  non-inflammatory,  origin.  The  former  are  caused  by  a  fetal  keratitis 
or  by  crushing  of  the  cornea  during  birth.  The  latter  are  relatively  more  frequent, 
and  are  found  along  with  other  congenital  eye  anomalies.  Embryontoxon  is  the  name  of 
a  congenital  opacity  which  in  shape  and  appearance  is  like  a  gerontoxon. 

The  disturbance  of  vision  by  dazzling^  which  occurs  when  an  opacity  is  present  in 
the  pupillary  region  of  the  cornea,  is  explained  as  follows:  In  the  normal  eye  the  im- 
ages of  the  objects  in  the  visual  field  lie  upon  the  retina,  side  by  side  and  sharply  sepa- 
rated from  each  other,  the  bright  and  dark  parts  in  contrast.  Now,  if  by  means  of  a 
spot  of  opacity  upon  the  cornea  light  is  diffused  uniformly  over  the  whole  retina,  the 
distinction  between  the  light  and  dark  portions  of  the  retinal  images  becomes  less 
striking.  The  following  comparison  may  illustrate  these  conditions:  In  a  well-taken 
photograph  all  details  are  seen  sharply  and  distinctly.  But  if  it  is  rather  highly  glazed, 
and  we  look  at  it  obliquely,  the  glazing  shines  so  that  the  details  of  the  photograph 
can  no  longer  be  distinguished.  As  the  glazing  is  perfectly  transparent,  the  rays  ema- 
nating from  the  photograph  still  arrive  at  our  retina  and  produce  there  sharp  images 
of  the  details  of  the  photograph.  But  in  addition  there  come  numerous  rays  reflected 
from  the  surface  of  the  glazing  which  so  flood  the  whole  retina  with  light  that  the 
sharp  retinal  images  are,  so  to  speak,  drowned  out.  For  the  same  reason  vision  is  reduced, 
and  a  sensation  of  dazzling  develops  when  the  illim[iination  is  much  too  intense. 

How  is  the  diffusion  of  light  effected  in  this  case?  The  normal  cornea  is  not,  as 
is  ordinarily  assumed,  absolutely  transparent.  We  can  see  this  from  the  fact  that  a 
portion  of  the  cornea,  which  has  light  concentrated  upon  it  by  focal  illumination,  looks 
gray,  insomuch  that  the  tyro  might  suppose  that  there  was  a  pathological  opacity  of 
the  cornea.  The  cornea,  therefore,  always  reflects  a  certain  quantity  of  li^t.  The 
like  is  true  of  the  lens,  and,  generally,  of  all  the  refracting  media  of  the  eye.  Because 
of  this  imperfect  transparency  of  the  refracting  media,  light  diffusion  takes  place  even 
in  the  normal  eye,  although,  to  be  sure,  under  ordinary  circumstances,  it  is  too  incon- 
siderable to  excite  notice.  But  when  the  illumination  is  very  intense,  diffusion  is  dis- 
turbing because  then  an  unusual  amount  of  light  diffuses  over  the  retina.  Moreover, 
if  the  illumination  is  very  strong  light  also  enters  the  interior  of  the  eye  through 
the  non-transparent  membranes  (sclera  and  uvea)  outside  of  the  pupil,  and  adds  to 
the  dazzling. 

For  clearing  up  old  opacities,  especially  those  produced  by  parenchymatous  kera- 
titis, electricity  has  done  me  good  service  in  some  cases.  The  positive  pole  of  a  con- 
stant-current battery  is  placed  on  the  temple  or  the  neck,  while  the  negative  pole  is 
applied  to  the  previously  cocainized  cornea.  The  negative  pole  consists  of  a  solid  cylin- 
der of  silver,  7  mm.  in  diameter.  This  is  surrounded  by  an  insulating  envelope  of  caout- 
chouc, the  only  portion  exposed  being  the  surface  at  its  end,  which  is  concave  so  as  to 
fit  the  surface  of  the  cornea.  Contact  between  the  electrode  and  the  cornea  is  effected 
by  a  drop  of  mercury,  which  readily  adheres  to  the  concave  surface  of  the  silver.  The 
current  intensity  employed  is  0.2  to  0.5  milliamp^res  (Alleman). 
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nupUiiüaiion  of  the  romea  (keratopla6ty)  may  be  lued  to  partly  replace  dia- 
by  healthy  cornea.  HippeVs  tre|ihim%  the  sttmÜ  crowii  of  which  b  set  in  rota- 
y  clock  work,  ser\'es  for  performing  this  operation.  The  operation  waa  first 
with  the  view  of  making  a  traniiparent  spot  in  the  caj^e  of  complete  opacity 
Lbe  cornea  which  left  no  portion  open  for  iridectomy.  A  round  piec^  is  excisc*d 
b  the  trepliine  from  the  oparjue  cornea  usually  in  its  pupillary  area.  In  the  gap  is 
9ed  ft  piece  which  is  taken  from  a  healthy  cornea  with  the  same  trephine  crown  and 
fth,  fherefore,  exactly  fits  in  the  hob.  It  is  most  advantageous  to  take  the  piece 
igned  for  transplantation  from  a  human  cornea.  Opjxirt unity  for  getting  this  ia 
pded  when  an  eye  with  a  sound  cornea  has  to  lie  enucleated.  The  htinian  cornea 
uhe  advaiHaije  over  that  of  animals  in  tiiat  it  has  the  same  thicknens  as  the  dis- 
m  cornea  and  hence  fits  into  it,  and  also  because  it  tiecomes  readily  united,  l^nion 
act  almost  always  takes  place,  but  in  very  few  of  the  casea  as  yet  observc!dhai=ithe 
«  thus  incorporated  remained  transparent.  In  other  cases  it  gets  opaque  in  the 
kB  immediately  following,  and  so  much  so  generally  that  the  puipose  of  the  ojjera- 
i — the  restoration  of  sight — is  not  attained.  Moreover,  1  have  had  no  better  results 
trephining  by  Hipper»  method  in  which  the  most  iK>sterior  layers  of  the  cornea 
Allowed  to  remain  at  the  site  of  the  trephining.  On  the  other  hand,  transjilanta- 
actorily  accomplishes  its  object  wlien  the  case  is  ono  of  thin,  protruding^ 
scars  wliich  it  is  di^irable  to  remove  entirely  in  order  to  prevent  subse* 
harmful  consequences.  The  operation  in  this  case  is  done  in  the  way  dcöcribt»d 
;  except  thirt  after  cutting  out  the  diseased  portion  we  must  start  from  the  open- 
id  free  the  iris  sls  far  as  possible  from  its  attachments  to  the  cornea,  in  order  to 
a  thorotigh  removal  of  the  anterior  eynechia.  The  opi^ralion  is  possible  only 
the  scar  that  is  to  be  excised  has  not  too  great  an  extent,  and  it  ret ju ires  care 
I  «kill  to  avoid  injuring  the  capsule  of  the  lens.  The  transplanted  pt>rtion  becomes 
iqu«  m  the?«e  cases  also,  but  the  object  of  the  operation,  which  is  to  replace  the 
niird  scar  by  firm  tissue  and  to  remove  the  anterior  synechia,  is  not  on  this 
nitnt  fn  ist  rated. 

fTntUnntuf  ghould  be  applied  only  in  the  older  scars,  which  are  solid  and  flat.  For 
thin  or  ectatic  escars,  the  latter  may  l>o  weakened  by  tlie  inflaiiimatory  reaction, 
leli  always  follows  tattooing,  and  thus  an  increase  of  the  ectasis  or  even  an  elevation 
benaion  may  be  set  up.  Nor  is  tattooing  a  protx^r  procedure  for  eyes  thiU  have  l^en 
dugh  a  ^\'ere  attack  of  irido-eyclitis,  Bince  this  disease  might  be  lighted  up  again 
■be  operation. 

Tin  dense  white  scar»  Fröhliches  method  is  advisable.    By  cutting  a  shallow  furrow 
h  Hipper^  corneal  trephine  we  demarcate  a  circular  area  of  the  sixe  of  the  pupil  in  the./^ 
r.    Within  this  area  either  the  epithelium  alone  or  this  and  t  fie  most  superficial  lanu-lla*     Q 
he  cornea  ^nth  it  are  removed,  the  parts  thus  exposetl  are  covered  with  minute  scari-  0|UW\   i 
i|ions,  and  then  the  India  ink  is  nibbed  into  them.     In  the  course  of  years  the  black   ^Ajhßß^fk 
t  fades  somewhat  and  re<|yires  to  be  renewed  by  a  re^x^tition  of  the  operation.  >  J 

In  cases  in  which  only  a  part  of  the  pupillary  area  of  the  cornea  is  opaque,  and  yfs^*^  *^ 
W  is  transparent,  tattotiing  the  opaque  |Mirtioii  may  actually  improve  the  sight,     lm||tjf ^ 
the  cicatrix,  being  made  less  transparent,  does  not  produce  as  much  diffusion  of   I7^T~\l 


fts  befom. 


V.    ECTASLE    OF   THE   CORNEA. 


^i^l^tif^    ^1 


Just  as  in  the  case  of  opacities,  so  also  in  the  case  of  ectasiie  of  the 
ra,  wo  must  first  of  all  distinguish  whether  tliey  have  been  pro- 
h1  by  inflainmatton  or  not.     On  the  basis  of  this  distinction   we 
the  following  subdivision  of  ectasice  of  the  cornea: 


Ectasise  of  inflammatory  origin 


20 


{Staphyloma» 
Keratectasia» 

Ü  .     *       r  ^   a  *  '«I  Kemtoconus» 

Ectasia?  of  non-mflammatory  origin  <  j^      .     ^  i 
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119. — Total  Prolapse  of  the  Ibib. 


1.  Staphyloma  of  the  Cornea. 

46.  Symptoms. — A  staphyloma  is  a  protuberant  scar  originating 
in  a  prolapse  of  the  iris,  and  wholly  or  in  part  replacing  the  cornea. 
We  distinguish  accordingly  between  total  and  partial  staphylomata. 
In  total  staphyloma  there  is  found  in  place  of  the  cornea  an  opaque, 
protuberant  cicatrix,  the  base  of  whiöh  is  encircled  by  the  margin  of 

the  sclera  or  by  the  very 
outermost  rim  of  the  cornea, 
which  may  still  be  preserved. 
In  one  series  of  cases  the  pro- 
tuberant cornea  has  the  form 
of  a  cone  (staphyloma  totale 
conicum).  In  conical  staphy- 
loma the  protuberance  start- 
ing from  the  margin  of  the 
sclera  slopes  gradually  up  to 
its  apex  (Fig.  124).  In  other 
cases,  however,  the  protuber- 
ance is  hemispherical  (staphy- 
loma totale  sphaericum),  and 
its  walls,  rising  abruptly  from 
the  sclera  or  even  overhang- 
ing it,  are  sharply  demarcated 
from  the  latter  (Fig.  120). 
The  spherical  is  more  fre- 
quent than  the  conical  form 
in  total  staphyloma.  Many 
spherical  staphylomata, above 
all  those  of  recent  date,  have 
such  a  very  thin  wall  that  the 
layer  of  black  pigment  (Fig. 
120,  i)  on  its  posterior  surface 
is  seen  through  it,  shining 
with  a  bluish  luster.  Such 
staphylomata  accordingly 
form  a  slate-colored  or  bluish- 
black  hemisphere,  which  in 
form  and  color  has  a  certain 
resemblance  to  a  blue  grape, 
whence  the  name  staphyloma 
((TTa^ukrj,  a  bunch  of  grapes).  Afterward  thickening  of  the  wall  of  the 
staphyloma  occurs.  If  this  takes  place  first  under  the  form  of  separate, 
stout  bands,  by  which  the  surface  of  the  staphyloma  is  constricted  in 
spots  somewhat  after  the  fashion  of  a  blackberry,  what  is  called  staphy- 
loma racemosum  is  produced.    Old  staphylomata  have  for  the  most  part 


Fio.  120. — Total  Spherical  Staphyloma  of  the  Cor- 
nea WITH  (Consecutive  Elevation  op  Tension, 
Originatino  from  the  Total  Prolapse  op  the 
Iris  Represented  in  Fig.  119. 

Out  of  the  iris,  i  (Fiff.  119),  which  has  been  thinned 
out  in  consequence  of  its  protrusion,  a  thick  cicatrix, 
iV,  has  grown,  in  which  a  thin  spot,  o,  corresponds  to 
what  was  once  the  pupil  (p,  Fi«.  119),  while  on  the  pos- 
terior surface  of  the  cicatrix  the  retinal  pigment  of  the 
iris  remains  as  a  black  coating,  t.  The  staphyloma  is 
i^sparently  directly  continuous  with  the  sclera,  5,  from 
which  it  is  separated  only  by  Schlemm's  canal,  «.  For,  on 
account  of  the  elevation  of  tenHion,  the  periphery  of  the 
iris  has  be^n  pressed  against  the  cornea  so  that  the  ante- 
rior chamber  (v.  Fig.  119)  has  disappeared,  and  the  iris 
and  the  marginal  portions  of  the  cornea  are  fused  into  a 
single  mass  which  has  been  incorporated  in  the  staphy- 
loma. As  a  comparison  of  the  two  figures  shows,  the 
limits  of  the  comeo-scleral  margin  have  been  enlarged. 
Because  of  this,  and  also  because  of  the  shrinking  of  the 
lens,  L,  the  zonula  has  become  tightly  stretched,  and  has 
drawn  the  atrophic  ciliary  processes,  c,  inward.  The  lens 
is  cataract ous,  shrunken,  and  has  at  its  anterior  pole  a 
pyramidal  cataract,  p. 
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a  thick  white  wall,  in  which  usually  one  or  two  dark  spots  may  be 
ol*8€r\'ed,  resulting  either  from  a  deposition  of  pigment  or  from  localized 
thinning  (Fig,  120,  a).  Stiiphylomata  are  generally  traversed  by  one  or 
two  pretty  large  vessels  originating  from  the  conjunctiva.  On  account 
uf  the  opaqueness  of  the  staphyloma,  nothing  is  to  be  seen  of  the  deeper 
parts  of  the  eye.  The  iris  is  all  taken  up  into  the  staphyloma — that  is, 
all  of  it  except  it^  extreme  periphery,  which  is  so  closely  appüed  to  the 
posterior  surface  of  what  remains  of  the  marginal  portion  of  tlie  cornea 
that  there  is  no  longer  any  anterior  chamber. 

A  jtartial  staphyloma  occupies  only  a  portion  of  the  cornea.  It 
riaes  as  a  white  prominence,  usually  in  the  form  of  .a  cone  (stapiiyloma 
partiale  conicum);  spherical  protuberances  (sta^^hyloma  partiale  sphte- 
ricuni)  are  pretty  rare  in  the  case  of  partial  staphylomata.  The  relation 
here,  therefore,  is  the  reverse  of  what  it  is  in  the  cjkse  of  total  staphyloma. 
Partial  staphyloma  usually  extends  in  one  direction  as  far  as  the 
margin  of  the  cornea,  while  in  the  other  direction  there  is  a  portion 
of  the  cornea  of  var>ing  extent  which  is  still  left,  and  whicli.  moreover, 
is  generally  transparent,  so  that  the  iris  can  lie  recognised  l>eh!nd  it. 
The  iris  Is  drawn  forward  to  the  staphyloma,  so  that  the  pupil  is  dis- 
placed toward  the  latter  and  often  partly  concealed  by  it.  Indeed,  the 
pupil  may  be  closed  up  altogether  if  the  whole  pupillary  margin  of 
the  iris  is  incorporated  in  the  staphyloma  (its  is  the  rule  in  the  case  of 
total  staphyloma). 

EUalogy' — Staphyloma  constitute.s  the  final  outcome  of  the  corneal 
ulcer  with  perforation,  and  is  nothing  but  the  prolapsc^d  iris  which  has 
become  protruded  and  transformed  into  cicatricial  tissue.  The  pro- 
trusion may  be  primary  or  secondary  in  its  development. 

(fl)  A  primanf  protrusion  is  pro<iuceil  in  the  following  w^ay:  After 
perfciration  of  the  cornea  has  occurred,  the  iris  becomes  pmhipsed  and 
bulges  forward  because  it  is  too  weak  to  sustain  even  the  normal  intra- 
ocular pressure.  The  cicatrization  which  follows,  and  which  in  favorable 
cases  producers  flattening  of  the  prolapse,  can  not  in  unfavorahle  cases 
do  away  nith  the  protrusion,  (3n  the  contrary,  the  prolapsed  iris  remains 
protruded  at  the  same  time  that  it  is  grailually  converted  into  cicatricial 
tJasue;  it  becomes  consolidated  while  still  in  a  position  of  protrusion  (thus 
from  the  prolapse  of  iris  in  Fig.  119  is  formed  the  staphyloma  represented 
in  Fig,  120),  A  total  or  partial  stai>hyloma  develops  according  as  a  total 
or  partial  prolapse  of  the  iris  has  existed.  The  causes  which  oppose  the 
conversion  of  a  prolapse  of  the  iris  into  a  flat  scar  and  which  favor  the 
formation  of  a  staphyloma  are  chiefly  two:  The  first  is  large  size  of  the 
perforation.  In  very  small  |»erforatitms  there  is  no  development  what- 
ever of  staphyloma;  and  the  larger  tlie  perforation,  the  more  likely  is  it 
Üiat  a  staphyloma  will  ilevelop.  The  second  cause  is  improper  behavior 
on  the  part  of  the  patient.  In  this  regard  the  chief  factors  to  be  consid- 
€fed  are,  in  adultjs,  great  physical  exertion;  in  children,  crying,  and  also 
■queczing  together  of  the  hds;  and,  in  both,  great  straining  at  stool.    The 
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temporary  increase  of  tension  induced  by  this  means  distends  the  newly 
formed  and  yielding  cicatricial  tissue;  but  as  the  latter  has  no  elasticity, 
it  does  not  return  to  its  former  dimensions  after  the  elevation  of  tension 
has  disappeared,  but  remains  permanently  protruded.  In  that  case, 
however,  a  permanent  protrusion  leads  sooner  or  later  to  permanent 
increase  of  tension  which  now  does  not  have  its  cause  in  external  influ- 
ences but  in  the  obliteration  of  the  sinus  of  the  chamber  produced  by 
the  incarceration  of  the  iris^ 

(6)  We  speak  of  a  secondary  protrTmon  when  a  prolapse  of  the  iris 
at  firat  heals  with  the  formation  of  a  flat  scar,  which  latter  afterwards 
bulges  out  again.  The  cause  of  this  is  frequently  supplied  by  the  same 
injurious  influences  that  have  been  enumerated  above — e.  g.,  by  the  too 
early  resumption  of  work  by  a  patient  with  a  recently  cicatrized  corneal 
ulcer.  The  recent  cicatrix  is  still  too  yielding  to  ofifer  a  proper  resistance 
to  the  repeated  though  transitory  elevations  of  intra-ocular  pressure, 
and  so  becomes  gradually  distended.  But  in  any  case  a  protrusion  is 
sure  to  occur  whenever  the  inclusion  of  the  iris  is  of  such  a  kind  that  by 
it  there  are  produced  a  blocking  of  the  channels  of  outflow  (page  14)  and 
consequently  a  permanent  increase  of  intra-ocular  tension.  This  is  very 
often  the  case  in  partial  inclusion  of  the  iris  and  very  regularly  so  in 
inclusion  of  the  whole  pupillary  margin  (seclusio  pupillae.  Figs.  122-124). 

In  individual  cases  a  primary  and  secondary  protrusion  can  not 
always  be  sharply  differentiated.  A  very  frequent  case  is  that  in  which  the 
iris,  being  extensively  prolapsed,  is  protruded  from  the  start;  the  intra- 
ocular pressure  in  this  case  being  at  first  normal  and  afterwards  gradually 
rising,  so  that  the  protrusion  then  increases  still  more. 

A  staphyloma,  accordingly,  in  its  origin  is  not  a  bulging  of  the  cor- 
neal tissue,  but  of  the  iris.  It  develops  from  a  prolapse  of  the  iris,  which 
is  converted  into  cicatricial  tissue — that  is,  it  develops  just  at  the  spot 
where  the  cornea  no  longer  exists.  It  would  therefore  be  more  correct 
to  speak  of  staphyloma  iridis.  In  fact,  the  transition  from  prolapse  of 
iris  to  staphyloma  is  altogether  gradual,  so  that  at  a  certain  stage  of  its 
development  the  protrusion  in  the  eye  may  be  equally  well  denoted  as 
an  old  prolapse  of  the  iris  or  as  a  recent  staphyloma. 

Consequences  of  Staphyloma  of  the  Cornea. — The  sight  is  always 
diminished.  In  total  staphyloma  it  is  reduced  to  the  mere  ability  to  dis- 
tinguish between  light  and  darkness.  In  partial  staphyloma  the  degree 
of  sight  depends  upon  the  character  of  the  part  of  the  cornea  that  is  still 
preserved,  and  also  upon  the  position  of  the  pupil.  Even  in  the  most 
favorable  case,  in  which  a  part  of  the  pupil  happens  still  to  lie  behind 
perfectly  transparent  cornea,  the  sight  is  considerably  reduced  by  the  irreg- 
ular curvature  which  is  present  not  only  at  the  site  of  the  staphyloma  itself, 
but  to  a  less  degree  over  the  whole  cornea.  Large  staphylomata  produce 
a  very  conspicuous  disfigurement.  They  also  cause  trouble  by  giving 
rise  through  mechanical  irritation  to  catarrhal  conditions  of  the  conjunc- 
tiva, with  increased  secretion,  lachrymation,  etc.     Closure  of  the  lids 
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lenxl  difficult  in  the  cBse  oi  large  staphylomata  by  the  groat  size 

the  protrusion;  the  apex  of  the  latter,  beiii^  Init  ineoiupletely  eovered 

\y  the  lids,  becomes  dry  (xerotic),  or  bccoincs  llie  site  of  ulcers  (athero- 

matousi  ulcers).     Sometimes  the  Mds  are  forced  so  much  apart  by  the 

phyloma  that  ectropion  develops. 

Staphyloma  of  the  cornea  is  almost  invariably  accompanied  by  de- 

mtmn  of  tension.    With  regard  to  the  relation  between  this  and  the  staphy- 

i      loina,  two  set^  of  eases  exist — i.  e.,  the  increase  of  tension  may  be  the 

cause  or  the  reöult  of  the  staphyloma, 
I  But  when  a  staphyloma  has  once  developed,  elevation  of  tension  is 

Lmlways  present.  Besides  causing  the  incresise  of  intja-ocular  pressure 
P%hat  is  |>erceptible  to  the  touch,  this  elevation  of  tension  finds  its  chief 
'  expression  in  a  diminution  of  sight,  which  finally  ends  in  complete  blind- 
ness. Pain,  too,  is  sometimes  associated  with  the  elevation  of  tension* 
Moreover,  as  soon  as  the  increase  of  tension  has  set  in»  it  gives  rise  to 
further  changes  b:jth  in  the  staphyloma  and  also  in  the  whole  eyeball, 
Tliin-walled  staphylomata  are  made  to  protrude  farther  and  farther  by 
the  heightened  pressure,  and  thus  suflfer  an  increasing  attenuation  of  their 
wall,  until  the  latter,  from  almost  any  trifling  cause,  ruptures  at  some 
particularly  yielding  spot.  Opening  of  the  staphyloma  may  also  occur 
from  perforation  of  one  of  those  ulcers  which  so  frequently  develop  at  the 
apex  of  the  staphyloma,  either  as  a  result  of  mechunical  injury  or  be- 
.  cause  of  the  inadequate  nutrition  of  the  scar  tissue.  In  either  case  when 
^Aerforation  takes  place  the  aqueous  humor  is  discharged  in  great 
Upbundance;  and  the  staphyloma  coüapses,  becomes  smaller,  and  remains 
F'^so  for  some  time.  But  perforation  of  the  stuphyloma  may  also  be  fol- 
lowed by  profuse  intra-ocular  hemorrhage,  or  liy  severe  iridc:)*cycljtis 
or  panophthalmitis.  Then  the  eyelmll  undergoes  atrophy,  and  by  this 
means  a  sort  of  spontaneous  cure  of  tlie  staphyloma  takes  place. 

The  scleral  portion  of  tlie  eyeball,  t<po,  when  the  elevation  of  tension 
hft«  lasted  a  pretty  long  time,  gives  way  and  becomes  distended,  espe- 
cially in  young  people  in  whom  tlie  sclera  is  more  extensible.  In  this 
case  we  observe  both  total  and  partial  ectasia  of  the  sclera-  In  the 
former,  the  sclera  becomes  uniformly  distended,  the  entire  eyeball  grows 
larger,  and  the  sclera  becomes  so  thin  tis  to  look  bhiish  owing  to  the 
way  in  which  the  chorioidal  pignu»nt  shines  through  it.  In  the  second 
case,  the  sclera  in  the  vicinity  of  the  cornea  bulges  forward  under  the 
fomi  of  a  circumscribed  swelling,  which  appears  dark  from  the  pigment 
shining  through  it;  intercalary  and  ciliary  staphyloniata  (see  §  oQ)  are 
developed.  Very  frequently  general  and  partial  ectasiac  of  the  sclera 
are  found  simultaneously  in  the  same  eye,  which  may  thus  grow  to  an 
enormous  size. 

47.  Treatment. — Stress  is  chiefly  to  be  laid  upon  propki/laxis.  The 
physician  who  has  to  treat  an  eye  with  prolapse  of  the  iris  must  make 
every  endeavor  to  secure  the  production  of  a  fiat  cicatrix.  He  should 
not  suflfer  a  staphyloma  to  develop  before  his  very  e^yes.  In  this  con- 
jiection,  what  has  been  said  in  regard  to  prolapse  of  the  iris  (page  244) 
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may  be  consulted.  When  we  have  succeeded  in  effecting  the  formation 
of  a  flat  cicatrix  we  must,  while  the  latter  is  still  recent,  take  measures 
to  keep  it  from  bulging  out  again.  With  this  end  in  view  we  should 
refrain  from  discharging  the  patient  too  soon  from  treatment,  and  par- 
ticularly we  must  advise  him  to  abstain  for  a  long  time  from  all  severe 
physical  exertion.  It  is  often  advisable  before  discharging  the  patient 
to  perform  an  iridectomy ,Vrhenever  this  can  be  done,  as  by  this  means 
the  subsequent  developme«  of  an  ectasis  is  most  effectually  counter- 
acted. 

If  we  have  to  do  with  a  staphyloma  which  has  already  developed, 
our  treatment  must  have  a  different  object  in  view,  according  as  the 
case  in  hand  is  a  total  or  a  partial  staphyloma.  With  the  former  the 
sight  is  irreparably  lost,  since  there  is  no  transparent  cornea  left;  we 
must  hence  confine  ourselves  to  the  relief  of  the  symptoms  and  of  the 
disfigurement  produced  by  the  staphyloma.  With  partial  staphylomata, 
our  first  aim  is  to  improve  whatever  sight  may  be  left,  or  at  least  to 
preserve  it  from  further  injury  (as  would  be  produced  by  increase  of 
tension).  The  methods  which  are  employed  for  the  cure  of  staphyloma 
are  all  of  an  operative  character. 

(a)  Total  Staphyloifia. — The  simplest  procedure  is  incision  of  the 
staphyloma.  This  is  done  with  the  expectation  that  as  a  consequence 
of  it  the  staphyloma  will  collapse,  and,  because  of  the  retraction  of  the 
cicatricial  tissue  of  which  it  consists,  will  remain  permanently  flat. 
Evidently  this  procedure  is  crowned  with  success  only  when  the  staphy- 
loma is  thin-walled  enough  to  collapse  after  the  incision  has  been  made; 
it  is,  therefore,  indicated  only  in  those  recent  staphylomata  which  are 
still  akin  to  prolapse  of  the  iris.  The  incision  is  made  by  means  of  a 
cataract  knife.  The  section  is  made  in  various  ways:  either  in  a  straight 
line  and  transversely  across  the  middle  of  the  staphyloma  (Küchler), 
or  in  a  curved  direction  and  concentrically  with  the  lower  corneal  mar- 
gin, so  that  a  flap  is  formed  of  the  wall  of  the  staphyloma.  The  latter 
way  of  making  the  section  has  the  advantage  of  causing  a  marked 
gaping  of  the  wound,  since  the  flap  contracts  owing  to  the  drawing 
up  of  the  cicatricial  tissue.  Consequently,  the  lips  of  the  wound  are 
prevented  from  rapidly  reuniting,  in  which  case  the  ectasis  would  soon 
be  reproduced  and  the  incision  would  have  to  be  repeated.  If  the 
wound  in  the  flap  should  not  gape  sufficiently,  the  flap  must  be  re- 
trenched by  the  removal  of  a  part  of  it.  After  the  completion  of  the 
section,  the  lens,  in  case  it  is  still  in  the  eye,  must  be  removed  by  lacerat- 
ing the  anterior  capsule. 

Simple  ablatwn  of  the  staphyloma  by  Beer's  method  is  performed 
by  first  separating  the  lower  half  of  the  staphyloma  from  its  base  by  a 
curved  incision  made  with  the  cataract  knife.  The  flap  thus  formed  is 
grasped  with  the  forceps,  and  then  the  upper  half  of  the  staphyloma 
is  cut  off  from  its  base  by  means  of  the  scissors.  The  lens,  which  now 
presents,  is    removed   by  opening    the   capsule.     The  gap  which  has 
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Btituted  for  the  stupliylonia  by  the  operation  may  now  be  left 
he  closed  by  the  unaided  action  of  cicatrization.  It  is  better,  how- 
ever,  lo  close  the  gap  by  Huture.s  parsed  through  the  upper  and  lower 
margins  of  the  .staphyloma,  whirh  have  been  left  for  the  purpose. 
These  sutures  on  being  drawn  tight  bring  the  lips  of  the  wound 
together  horizontally. 

A  still  more  secure  union  is  effected  if  we  follow  up  the  ablation  mith 
Ü  Cünjunciiral  suture  (De  Wecker),  and  it  h  in  this  way  that  the  opera- 
tiiin  is  usually  performed  at  present.  We  i>egin  the  operation  Ijv  divid- 
ing the  conjunctiva  all  round  the  linibus  und  separating  it  for  some 
little  distance  from  the  subjacent  sclera,  so  that  it  can  be  drawn  for- 
ward in  the  proper  extent.    Then  we  pass  the  threads  through  the  free 


Mh^ 


[Fm.Ul. — AmcmiiioN  or  SrAFinxoiiA.    Knaff'a  Mrnioo.    (AfUsr  Norrie  And  Oil  vor.) 

B«>for«>  ftbAcifinx  the  staph vtoniA  a  ^titrh  in  ent«r^  4  mm.  above  the  vr  ■ 
»«■  (at  c\,  iMmeti  temporally  tKrou«b  ib<?  ctmjunetiva  and  opi»clemJi  tipeu»/.  • 
llw  Uhip  <  r«»-«atextKi  oclow  at  d.  axid  brought  ^rut  again  beneath  the  v(>rtt>  > 

A  «tnüuur  Ktitcti  i«  pn«iAe<l  a«  the  nasMÜ  side.  The  tilaphyloma  ji-  then  abMciM^^i  by  BtHir»  tuethfui  and 
llfct  twn  end*  r  atid  </  of  the  firnt  fftiteh  cirftwn  taut  imtil  tlie  kKjp  r  in  ecmverted  itita  a  «•\rmii\a  line, 
Tbm  CMUfr  thing  i»  done  with  the  inner  utitch.  The  gap  made  by  the  ab»C!ifl»ion  »a  thUa  eonvert&j  ioto 
m  wrtkAl  alii.    The  ftilur«»  are  then  tied.— D.] 


Itrui  of  the  cor- 
I  M3  m.!^  lo  ftimt 
of  the  cornea. 


edge  of  the  conjunctiva.  We  do  this  by  running  through  the  upper 
and  lower  edge.s  a  number  of  vertical  threat^,  which  subser|uently  are 
tied  so  as  to  form  interrupted  sutures.  Before  the  sutures  are  drawn 
tight,  we  ablate  the  stapliyloma  as  in  Beer's  niethotl.  antl  expel  the  lens 
from  the  eye.  Then  we  close  the  conjunctival  wt»ynd  by  knotting  the 
«utures*  We  may  also  apply  the  suture  by  parsing  a  single  thread  in 
and  out  all  round  the  margin  of  the  detached  conjunctiva,  in  such  a 
Way  that  the  two  ends  of  the  thread  come  out  ehxse  by  each  other,  and, 
when  they  are  knotted  together,  constrict  the  conjunctiva  after  the 
manner  of  a  tobacco  bag  (tobacco-bag  suture).  After  passing  stitches 
through  the  conjunctiva^  we  turn  the  latter  back  and  the  stitches  with 
and  then  carefully  scrape  off  the  limbus  conjunct ivse  as  well  as  the 
pitheUum  at  the  margin  of  the  staphyloma,  since  if  we  did  not  do  so 
be  conjunctiva,  being  .stitched  over  an  epithelial-clad  surface  would  not 
Ihere  to  it.    Then  w^e  abscise  the  staphyloma  by  Beer*s  method,  in 
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such  a  way  that  a  narrow  marginal  portion  is  left  above  -  and  below. 
Through  these  marginal  portions  threads  which  are  designed  to  close 
the  gap  in  the  eyeball  are  passed  and  drawn  out  into  loops.  Then 
before  the  stitches  are  approximated  we  expel  the  lens  by  opening  the 
lens  capsule.  We  apply  the  stitches  beforehand,  because  after  the  lens 
is  removed  there  is  risk  that  the  vitreous  will  escape,  and  hence,  we 
ought  not  to  be  losing  time  in  applying  sutures,  but,  on  the  contrary, 
should  close  the  wound  promptly  by  tying  threads  that  have  been  al- 
ready passed.  Last  of  all,  the  stitches  that  have  been  passed  through 
the  conjunctiva  are  drawn  together  and  tied. 

Ablation  with  the  application  of  a  suture  is  suitable  for  all  cases  of 
old  staphylomata  with  thick  walls,  for  which  incision  alone  would  not 
be  sufficient. 

Those  cases  of  staphyloma  of  the  cornea  in  which  a  considerable 
ectasis  of  the  sclera  has  developed  as  the  result  of  an  increase  of  ten- 
sion are  in  general  not  adapted  for  ablation.  We  should  then  run  the 
risk  of  getting  a  violent  hemorrhage  in  consequence  of  the  sudden 
diminution  of  the  previously  increased  tension.  For  such  cases,  in 
which  the  eyeball  is  increased  sometimes  to  quite  an  enormous  size, 
the  only  thing  feasible  is  enucleation,  which  relieves  the  troublesome 
symptoms  and  at  the  same  time  also  the  disfigurement,  inasmuch  as 
an  artificial  eye  can  then  be  worn  in  place  of  the  hideous,  enlarged  eye- 
ball. For  the  method  of  performing  enucleation,  see  the  section  on 
Operations  (§   166). 

(6)  Partial  Staphyloma. — In  this,  treatment  seeks  a  threefold  ob- 
ject: to  improve  the  sight,  to  cause  flattening  of  the  ectasis,  and  to 
prevent  the  development  of  an  increase  of  tension,  or  to  do  away  with 
it  in  case  it  has  already  set  in. 

Sim-pie  incisioUy  which  must  be  followed  up  by  the  application  of  a 
pressure  bandage  for  a  pretty  long  time,  accomplishes  its  end  only  in 
recent  staphylomata,  the  walls  of  which  are  still  soft.  In  older  and 
thicker  scars,  excision,  with  or  without  the  operation  of  uniting  the 
edges  of  the  wound  by  sutures,  is  to  be  preferred.  But  the  most  ap- 
proved remedy  that  we  possess  against  ectatic  scars  is  iridectomy.  This 
should  be  performed  in  such  a  way  that  the  incision  Hes  in  the  sclera 
and  a  broad  coloboma  is  produced,  reaching  to  the  margin  of  the  iris. 
We  try  to  find  for  our  iridectomy  that  spot  which  represents  the  great- 
est improvement  that  can  be  made  in  the  vision,  the  pupil  being  shifted 
to  a  point  behind  the  most  transparent  part  of  the  cornea.  Further- 
more, by  means  of  the  iridectomy,  an  increase  in  tension  is  prevented 
from  developing,  or,  if  it  has  already  developed,  it  is  done  away  with. 
Moreover,  in  cases  of  staphylomata  with  thin  walls,  a  flattening  of  the 
ectasis  is  obtained  by  the  iridectomy,  if  the  eye  is  kept  beneath  a  pres- 
sure bandage  for  a  long  time  after  the  operation.  In  thick-walled  and 
unyielding  staphylomata,  it  is  advisable  to  combine  excision  with  iri- 
dectomy.   We  begin  by  doing  the  former,  and  put  ofif  the  iridectomy  to 
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Cne  W€»cks  later,  when  a  flat  cicatrix  forms^doing  this  to  prevcrit  renewed 
Iging  of  the  recent  cicatrix.  A  very  small  staphyloma  we  may  remove 
completely  by  excising  with  a  cornea!  trephine  and  implanting  a  piece  of 
noritial  cornea  in  the  gap  (transplantation  of  cornea,  see  page  305)* 

If  we  have  to  do  with  a  partial  staphyiooia  in  which,  owing  to  the 
increaÄe  in  t^'n.sion,  the  sight  hits  been  alreatly  either  in  great  part  or 
altogether  annihilated,  no  gain  in  this  regaril  can  be  expected;  yet  in 
«Hwt  ca^s  it  will  be  best  to  pt*rforin  iridectomy  in  order  to  prevent  the 
further  consequences  of  the  increasetl  tension,  such  as  partial  cctasis  of 
the  sclera»  enlargement  of  the  entire  eyeball,  etc.  Of  course,  iridectomy 
can  be  performed  in  such  case.s  only  so  long  as  the  anterior  chamber  is 
stall  existf*nt.  When  by  increa.sed  tension  the  iris  has  l)een  squeezed 
against  the  posterior  surface  of  the  cornea  ami  {'eniented  to  it,  iridectomy 
has  become  technically  impossible. 

It  can  not  be  denied  that,  in  spite  of  the  therapeutic  means  at  our 
command,  the  cicatrix  in  many  casein  keeps  constantly  bulging  anew, 
the  increase  in  tension  returns  every  time»  and  thus  the  eye  slowly  but 
Inevitably  goes  blind. 

A.VATOUY  or  Staphyloma  of  the  Corxea,— The  wall  of  tlie  ataplnioma  consists 
of  a  dense,  toiigh  riciitrieial  tiösue.  which  is  traversed  by  a  few  vessels,  and  often  eon- 
tAinÄ  pigment  imliedded  in  it.  The  thickoesa  of  the  wall  dilTers  greatly  ;  it  varied 
from  the  thickness  ttf  i%  sheet  of  papc^r  to  a  ttnekness  tliree  times  aa  great  aa  that  of 
the  normal  cornea,  and  more.  Very  thick  staphyloma  tu  are  often  as  hard  as  eartilagey 
aod  when  ablation  is  performed  can  scarcely  be  cut  tlirungh.  Thick  and  thin  spots 
frequently  occur  in  the  wall  of  the  same  staphyloma  (Fi^B,  1"^  mul  124).  The  anterior 
surface  of  the  staphyloma  is  covered  by  a  thick,  irregular  layer  of  ejjit helium,  some- 
time eontaining  epithehal  pearls,  I'he  posterior  .Htirface  is  fre<|nontly  uneven,  on 
account  of  the  inequahty  in  tliickness  of  the  wall.  It  is  covered  by  a  coating  of  black 
ptgtnent  (Fig.  120,  i,  and  Fig.  124),  which  is  nnthini?  tmt  the  retinal  pigment  layer 
of  the  iris.  As  however,  thi,s  has  to  be  dustribuied  over  t^nvh  a  large  surface,  it  is  rare- 
fied, so  that  the  epithelial  coating  shows  numerous  gaps,  and  in  the  center  of  the 
»taphylonm,  corresponding  to  what  was  once  the  pupil,  it  is  often  entirely  wanting, 
'nm>ugh  gtaphylomata  with  thin  walls  light  can  Ik*  passi^d  by  ineatiH  tjf  focal  illumi- 
nation, and  in  this  way  the  pigment  layer  may  be  demonstrated  in  the  hiing  eye. 
Wlty  Kowman's  membrane  should  Ym  wanting  on  the  anterior  surface  of  the  staphy- 
lauia,  and  I.)e8eemet's  meml>rane  on  its  pt>sterior  surfae<.%  ik  self-«*vident  since  the 
^ftAphyloma  is  not  cicatrized  cornea,  hut  is  iris,  and  represents  a  spot  at  which  ihe 
torw'ik  hau  been  destrfjyed.  It  is  only  on  (he  sloping  t^ides  and  the  edge^  of  the  staphy- 
loma^ which  are  formed  of  the  remains  of  the  cornea,  that  both  these  memhranes  can 
ftUl  be  demonstrated.  This  is  more  the  ca^e  in  a  conical  than  in  a  sphericxd  staphy- 
loma, A  spherical  staphyloma,  in  fact,  is  prwhiced  in  cases  where  the  sides  of  the 
pvrfonition  shelve  off  abruptly,  so  that  the  cornea  even  in  the  immediate  vicinity  of 
the  opening  has  its  normal  thickness.  In  this  ease,  wlien  the  prolapsed  iris  is  driven 
i»ur  into  the  opening,  the  adjoining  corneal  tissue  takes  httle  or  no  part  in  it.  The  sides 
prolapse  risjte  at  right  angles  to  the  adjoining  corneal  surface,  and  thus  a  spherical 
-  _f  -iVloma  is  formed,  A  staphyloma  of  this  sort  readily  develops  when,  as  in  Fig. 
119,  only  a  narrow*  marginal  rim  of  ec>rnea  is  left.  This  rim  then  is  afterward  carritHl 
forward  under  the  influence  of  the  intra-ocular  pressure,  while  the  sclera  lK»»ng  firm 
offers  resLstAnce,  so  that  now  th»^re  is  a  furrow  formtnl  at  the  cornea***cleral  junction 
(Fig.  120),  The  latter  is  particularly  apt  to  dcNcIop  such  a  furrow,  since  even  under 
aortnol  conditions  it  forms  a  re-entrant  angle,  A  conical  staphyloma,  on  the  other 
hand,  is  the  result  of  a  lej^s  extensive  perforation  ^Fig.  122 >,  in  which  the  i^^rtions  of 
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oomea  forming  the  walls  of  the  aperture  taper  down  toward  the  latter,  and  on  account 
of  their  thinness  are  driven  forward  at  the  same  time  with  the  prolapsed  iris.  The  fuUy 
developed  ectasb,  therefore,  consists  only  in  its  central  part  of  old  prolapsed  iris,  its 
lateral  slopes  being  in  large  part  formed  of  the  tapering,  protruded  cornea  (Fig.  124). 
For  this  reason  the  ectasis  does  not  rise  abruptly  from  the  cornea,  but  presents  a  gradual 
slope  from  its  margin  up,  so  that  a  conical  shape  is  thus  given  it. 

In  staphyloma  the  iris  persists  as  an  independent  structure  only  in  cases  in  which 
at  least  a  part  of  the  pupil  has  remained  free,  so  that  the  anterior  and  posterior  cham- 
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Figs.  122-124. — Development  of  a  Total  Conical  Staphyloma.     Magnified  3X1. 

Fig.  122. — A  l&^^e  ulcer  has  destroyed  the  central  portions  of  the  cornea.  Into  the  aperture  left 
by  the  perforation  projects  the  iris;  on  the  right  side,  r,  presenting  onlv  by  its  pupillary  border,  while  on 
the  left  side,  I,  it  forms  a  real  prolapse.  A  gray  mass,  e,  composed  of  coagulated  fibnn,  pua  oorpusclea, 
and  detritus,  fills  the  perforation  and  covers  the  exposed  iris.  The  anterior  chamber,  v,  is  very  snailow, 
Mid  nevertheless  the  posterior  chamber  has  become  shallower  as  well,  because  the  lens  is  pu^ied  for- 
ward.    Moreover,  the  latter,  owing  to  the  relaxation  of  the  zonula,  has  an  increased  curvature. 

Fig.  123. — In  place  of  the  prolapsed  iris  a  somewhat  protuberant  scar  has  devdoped,  which  is 
thinner  than  the  cornea,  and  in  which  is  included  the  entire  pupillarir  margin  of  the  ins.  In  oonse- 
ouence  of  this  seclusio  pupilke  the  whole  iris  has  been  pushed  forward,  right  up  against  the  oomcsa,  so 
tnat  the  anterior  chamber  has  disappeared  and  the  posterior  chamber  has  become  correspondingly 
deeper.  The  lens  has  re-acquired  its  normal  shape,  and  shows  beginning  opacification  of  its  oorticu 
layers  and  wrinkling  of  the  anterior  capsule  in  the  region  formerly  occupied  bjy  the  pupil,  k. 

Fig.  124. — ^The  increase  of  tension  that  has  set  in  as  a  result  of  the  seclusio  pupillae  has  produced 
a  uniform  protrusion  of  the  marginal  portions  of  the  cornea,  which  now  form  the  sloping  sides  of  the 
conical  protuberance,  and  which  are  not  separated  by  any  sharp  line  of  demarcation  from  the  central 
cicatrix.  On  the  right  side  of  the  drawing  the  iris  can  still  be  made  out,  although  fast  adherent  to  the 
cornea  and  greatly  atrophied.  On  the  left  side  nothing  is  left  of  the  iris  but  the  retinal  pigment  layer 
coating  the  posterior  wall  of  the  staphyloma.  The  wall  of  the  staphyloma  shows  various  protuber- 
ance« caused  by  the  constant  increase  in  tension.  The  largest  of  these,  a,  situated  directly  in  front  oi 
the  ciliary  bodv,  represents  a  beginning  intercalary  staphvloma.  The  posterior  chamber  is  very  deepw 
the  ciliary  body,  owing  to  atrophy,  is  flattened  out,  and  the  lens  is  shrunken,  flat  like  a  cakc^  aiia 
presents  a  capsular  thickening,  K. 


bers  can  communicate  through  it.  If,  on  the  other  hand,  the  entire  pupillary  border 
has  been  incorporated  in  the  cicatrix  (seclusio  pupillse),  increase  of  tension  sets  in, 
and  as  the  iris  is  consequently  pushed  forward  right  up  to  the  cornea  (Fig.  123),  the 
shallow  anterior  chamber,  which  was  present  at  the  outset  (Figs.  119  and  122,  r),  dis- 
appears. Then  the  iris  becomes  more  and  more  intimately  adherent  to  the  cornea, 
and  becomes  constantly  thinner  and  thinner  as  a  result  of  atrophy,  so  that  at  last 
scarcely  anything  of  it  but  the  pigment  layer  remains  to  cover  the  posterior  surface 
of  the  staphyloma  (Fig.  124).  In  such  cases,  even  when  the  marginal  portions  of  the 
cornea  are  still  somewhat  transparent,  the  performance  of  an  iridectomy  has  become 
technically  impossible. 
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As  the  anterior  chamber  becomeB  shallower  the  posterior  becomen  deeper;  in 
total  «Uiphyloaiata,  the  whole  large  space  between  the  posterior  surface  of  the  staphy« 
lomft  mud  the  kos  is  to  be  looked  upon  as  the  posterior  chamber  (Figs.  £20  and  124), 

The  riiiary  body  «mflfers  mainly  on  account  of  the  increa.se  in  tension,  which  cause« 
it  lo  atrophy,  especially  if  an  ectasia  of  the  sclera  develops  in  the  ciliary  region  (alaphy- 
loma  ciliare).  Furthennorc,  the  ciliary  processen  are  sometimes  very  strongly  pidled 
upon  by  the  fibers  of  the  zonula,  and  are  thus  elongated  (r,  l^ig.  120). 

'Mm*  UfiS  very  frequently  suffers  changes  in  the  case  of  staphylomata.  In  total 
staphylomata  it  m  often  entirely  wanting,  because  it  haa  t>een  dtscliarged  from  the 
eye  through  the  pupil  at  the  time  when  a  large  jierf oration  existed.  If  the  lens  is  still 
present  it  frecjuently  shows  alteration«  of  po&ition^  l^eing  tilted  in  cntuse<iuence  of  tlie 
unequal  bulging  of  the  staphyloma.  Sometime«  we  find  it  partially  adherent  to  the 
stapliylntrm,  or  it  vibrates  with  the  movements  of  the  eye,  Ijecause  of  the  iilrophy  of 
tlie  »tivtclied  zonula  of  Zinn.  These  alterations  in  the  lens  favor  tlio  drvelopmc^nt  of 
an  inen^ase  in  tension;  for  tliis  reason,  after  |x*rfornung  incision  or  alJation  of  the 
it4iphyloina,  we  remove  the  lens  from  the  eye.  Very  fre^juently  the  lens  l»  rt^ndered 
opaque  either  in  toto  or  only  at  its  anterior  pole  (anterior  jMilur  cataract,  p.  Fig.  120). 
In  sotne  few  cases  we  may  find  the  lens  greatly  diminished  in  siie,  or  even  shrunken 
into  a  mere  membrane  (Fig.  124), 

The  deeper  parts  of  the  eye  also  suffer  from  the  increase  in  ten^sion.  Excavation 
of  the  optic  nerve,  atrophy  of  the  retina  and  chorioid,  and  fluidity  of  the  vitreotis  thus 
develop. 

As  a  rule^  the  increase  of  temtion  resulting  from  staphyloma  develops  quite  gradu- 

^*lly.     Hut  oometimes  protrusions  of  the  cicatrix  and  increase  of  tension  take  place 

iimuharifH>u*<ly  and  in  a  sudden  fafthion,  as  tlie  following  example  may  illustrate:   A 

en»un  has  had  an  ulcus  Kerpen«  which  has  destroyed  the  coniea  in  its  central  part. 

Jnder  suitable  treatment  the  prolapsed  iria  is  in  pHX^e^ss  of  transformation  inttj  a  Hat 

Irix     Then,  one  morning  the  patient  complains  of  violent  f»ain  whith  has  sutMenly 

ilope<J  in  the  eye.     After  removing  the  bandage  we  find  the  eye^  which  the  day 

5f<»re  was  almost  free  from  irritation,  now  tlie  sejit  of  a  dusky  ciliary  injection.    'Die 

{tutrix  is  bulged  forward  in  the  fonn  of  a  cone,  and  the  anterior  cliandier  is  very  shal- 

r^  or  is  altogether  abolished,  because  the  iris  is  preiised  against  the  cornea.     Tbo 

tier  looks  dull,  and  small  hemorrhages  are  visible  in  the  cicatrix  or  in  llic  anterior 

aber.    Tlie  eye  is  Itard,  and  very  sensitive  to  the  touch.    An  external  cause  for  this 

L  chuige  in  the  oourse  of  healing  is  genendly  not  discoverable. 


2.  Keraiectasia. 

48.  By  keratectasia  we  understand  a  protnLsion  of  the  cornea^  which 

flakes  its  appeantnce  after  in  flam  mat  ion  of  the  latter,  without,  how- 

ivcr.  any  perforation  having  taken  place.     The  protrtLsion,  therefore, 

this  case  consists  of  corneal  tissue»  in  eontradistinetion  to  staphylo- 

ftata,  in  which  it  is  formed  of  the  tissue  of  the  iris.     From  ectasiie  of 

be  cornea  of  non-inflammatory  origin — i.  e.^  keratoconos  and  kerato- 

"glc*hiig — the  inflammatory  ectasia  of  the  cornea  is  distinguished  by  the 

_fact  that  the  bulging  portion  of  the  cornea,  in  consequence  of  the  in- 

itnrnation,  is  opaque. 

Inflammation  produces  protrusion  of  the  cornea  by  thinning  it  or 
by  softening  it.  It  produces  protrusion  by  thinning  in  those  cases  in 
rhich  an  ulcer  of  the  cornea  has  destoyed  the  superficial  lamellse  of  the 
itter  to  such  an  extent  that  the  posterior  lamella?  are  no  longer  able  by 
dcmselves  to  offer  resistance  to  the  intra-ocular  pressure  (kerateetasia  ex 
Fig,  125).     If  all  the  layers  as  far  as  the  membrane  of  Descemet 
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have  been  destroyed,  a  hernia  of  this  membrane  (keratocele)  is  produced, 
which  may  cicatrize  in  this  ectatic  form.  In  this  case  this  hernia  per- 
sists as  a  perfectly  transparent  vesicle  which  projects  above  the  surface 
of  the  cornea,  and  which  is  surrounded  by  an  opaque  cicatricial  ring. 

Ectasis  of  the  cornea  may  also  take  place  because  of  a  softening 
that  results  (rom  inflammation.  Under  this  head  belong  the  keralec- 
tasia  e  pannOj  which  develops  when  a  thick  pannus  penetrates  pretty 
deeply  into  the  cornea  proper,  also  the  keratectasia  following  paren- 
chymatous keratitis.  In  these  cases  the  cornea  protrudes  as  a  whole 
and  uniformly,  while  in  keratectasia  ex  ulcere  it  is  generally  only  a 
local  protrusion  that  is  present. 

A  consequence  common  to  all  inflammatory  ectasiae  of  the  cornea  is 
that  the  protruding  portions  have  very  little  power  of  regaining  their 
transparency.  Accordingly,  the  prognosis  for  vision  in  pannus,  kera- 
titis parenchymatosa,  etc.,  must  be  regarded  as  essentially  more  un- 
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Fio.  125. — Keratectasia  ex  Ulcere.     Magnified  25  X  1. 

The  thinned  and  bulfdng  cicatrix,  N,  is  distinguished  from  the  surrounding  normal  cornea  by  it» 
denser  structure.  The  epithelium,  c,  over  it  is  thickened,  while  Bowman's  membrane,  6,  is  wanting 
in  this  spot.  On  the  other  hand,  Descemet 's  membrane,  d  along  with  its  epithelium  is  everywhere 
present — a  proof  that  the  ulcer  has  not  perforated. 

favorable  as  soon  as  protrusion  of  the  cornea  shows  itself.  And  in 
considering  the  prognosis  we  must  take  into  account,  besides  the  opac- 
ity of  the  bulging  cornea,  its  alteration  in  curvature  and  the  resulting 
alteration  of  refraction  of  the  eye.  Sometimes  keratectasia  is  followed 
by  increase  of  tension. 

Treatment  is  powerless  against  a  fully  developed  keratectasia;  it  is 
attended  with  success  only  when  there  is  a  question  of  combating  a 
protrusion  that  is  in  process  of  development.  The  means  suited  for 
this  latter  purpose  are  repeated  punctures  of  the  cornea  with  the  sub- 
sequent application  of  a  pressure  bandage,  and  iridectomy.  Very  small 
ectasiae,  as,  for  example,  small  keratoceles,  we  may  perforate  with  a 
cautery  point  and  then  induce  the  formation  of  a  flat  cicatrix  by  the 
long-continued  application  of  a  pressure  bandage. 

Keratectasia  corresponds  to  applanatio  corneae,  staphyloma  to  phthisis  corneae.  In 
the  two  former  cases  the  cornea  itself  is  protruded  or  flattened  in  consequence  of  inflam- 
mation. In  staphyloma  and  in  phthisis,  on  the  other  hand,  the  cornea  is  either  partially 
or  wholly  destroyed,  and  it  is  the  prolapsed  iris  that  forms  the  ectatic  or  flattened  cicatrix. 

Marginal  ectasia  with  obliquity  of  the  cornea  or  with  a  general  protrusion  of  it 
may  occur  as  a  result  of  catarrhal  ulcers  (page  132)  or  senile  marginal  atrophy  (page  295). 
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3.   Keratoconus, 

49,  Symptoms  and  Course.— In  keratoconuÄ,  the  central  part  of  the 

rnea  very  gradutilly  and  without   inflammatory  symptoms  begiris  to 

Ige  forward  in  tlie  form  of  a  cone.     At  first  the  cornea  is  perfectly 

transparent^  and  its  peripheral  portions  keep  their  normal  curvature* 

I      Accordingly,  the  bulging  forward  of  the  center  of  the  cornea,  as  long  as 

I  it  hjis  not  advanced  too  far,  is  recognized  only  by  the  diminution  in 
siie  which  the  corneal  reflex  presents  in  the  central  part  of  the  cornea. 
In  the  subsequent  course  of  the  disease  the  bulging  of  the  center  con- 

I     stantty  increases,  and  the  peripheral  parts  of  the  cornea  are  also  in- 

«      volved  in  the  conical  projection,  so  that  we  can  perceive  the  conical 

'     shape  of  the  cornea  at  a  glance,  especially  when  we  look  at  the  eye 

,  from  the  side  (Fig.  126).  Finally,  the  apex  of  the  cone  becomes  opaque 
and  its  surface  uneven. 

To  the  patient  the  disease  makes  itself  apparent  only  by  the  dis- 
turbance of  Wsion.     The  eye  becomes  apparently  myopir,  <n  (hat  all 

I      objects  have  to  be   brought   up  very  close. 

'      Nevertheless»,  perfectly  sliarp  vision  is  not  at- 
tainable by  means  of  spherical  concave  glasses, 

'      because  the  bulging  of  the  cornea  is  not  spher- 
ical, but  conical  (hyperbolic).     By  the  devel- 

'      opment  of  the  opacity  at  the  apex  of  tlie  con*« 
the  visual  power  is,  of  course,  still   further 

L^educed. 

^H       Keratoconus  is  a  rare  disease,  which»  as 

^B  rule,  affects  both  eyes.     It  tiegins  for  the 

^^BDst  part  l>etween  tlie  twelfth  and  the  twcn- 

^■eth  year,  develops  very  gradually  in  the  course 

^^f  years  to  the  height  above  described,  and 

ultimately,  sooner  or  later,  comes  to  a  stamlstÜL     A  ace  of  the 

ectasis  is  not  observed;  but  ulceration  or  rupture  of  the  cornea  is  not 
observed  either.  Nor  does  increase  in  tension^  which  so  frequently 
develops  in  inflammatory  ectasi^e  of  the  cornea,  occur. 

The  cause  of  the  protrusion  lies  in  a  progressive  thinning  of  the 

I     central  portion  of  the  cornea,  which  consequently  gives  way  tiefore  the 

^Hptra-ocular  pressure.     By  what  means  this  thinning  is  produced  is  un- 

TrealmetU  can  point  to  but  slight  results  in  this  disease.     If  we  are 

dealing  with  easels  of  moderate  intensity,  and  particularly  if  after  Ijeing 

under  ol>servation  for  a  long  time  they  prove  to  l>e  stationary  it  is  best 

to  content  out>?elves  with  an  optical  correction  of  the  refractive  error. 

sually  a  satisfactory  improvement  in  the  sight  can  be  secured  by  con- 

ve  spherical  glasses  either  alone  or  combined   with   cylinders,     [In 

Iccted  cases  marked  improvement  of  sight  is  secured  by  the  use  of 

sks  with  stenopeic  holes  or  slits,  the  size  anil  shape  of  these  lx*ing  de- 

ined  by  careful  experiment  (Mackay,  Heiisen,  Snellen,  Fox). — D.] 
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When  the  protrusion  has  become  so  great  that  serviceable  vision  cannot 
be  obtained  even  with  glasses,  an  operation  is  indicated.  The  purpose 
of  this  is  to  substitute  a  resistant  cicatrix  for  the  attenuated  apex  of  the 
cone.  For  this  purpose  the  latter  is  destroyed  by  excision  or  by  cauteri- 
zation. The  former  is  done  with  the  corneal  trephine,  the  latter  with  the 
galvano-cautery  and  if  necessary  the  operation  must  be  repeated  several 
times  until  sufficient  flattening  of  the  cone  is  produced  by  the  contrac- 
tion of  the  scar.  Since  the  corneal  cicatrix  thus  obtained  lies  directly  in 
front  of  the  pupil,  a  displacement  of  the  pupil  to  one  side  by  means  of  an 
iridectomy  is  afterward  usually  required;  also  tattooing  of  the  central 
scar  to  diminish  the  dazzling. 

4.  Keraioglobus. 

50.  In  keratoglobus  the  cornea  as  a  whole  is  larger  than  normal. 
Keratoglobus  is  but  one  of  the  symptoms  of  the  general  enlargement 
of  the  eyeball  that  constitutes  hydrophthalmus  (buphthalmus),  and  for 
this  reason  reference  must  be  made  to  the  latter  disease  (§  83)  for  its 
description. 

By  many  authors  the  expression  staphyloma  coraeae  is  employed  in  a  broader 
sense,  and  all  ectasise  of  the  cornea  are  designated  under  this  name.  In  that  case  a 
further  division  of  the  term  is  made  by  distinguishing  the  transparent  ectasis  of  the 
cornea,  keratoconus  and  keratoglobus,  under  the  name  of  staphyloma  pellucidum, 
from  cicatricial  staphylomata  and  from  keratectasise. 

In  keratoconus  the  ectasia  of  the  cornea  is  associated  with  a  corresponding  thin- 
ning of  the  latter  within  the  area  of  the  conical  protrusion.  This  thinning  of  the  cornea 
within  the  area  of  the  conical  protrusion  can  be  demonstrated  by  the  ease  with  which 
the  apex  of  the  cone  can  be  dimpled  by  means  of  a  soimd.  Anatomical  escaminations 
also  have  demonstrated  that  the  cornea  may  be  reduced  in  its  center  to  a  third  of  its 
normal  thickness  (Wagner,  Hulke). 

Owing  to  the  considerable  degree  of  stretching  of  the  cornea,  lacerations  are  pro- 
duced in  pescemet's  membrane.  The  opacities  which  are  found  at  the  apex  of  the 
keratoconii^  are  p'krtjy^^  result  of  the  lacerations,  partly  the  result  of  mechanical 
injuries  to  which  the  superficial  layers  of  the  cornea  are  exposed  at  the  point  of  greatest 
prominence.  In  particularly  severe  cases,  ulceration  at  the  apex  of  the  cone  may  be 
produced  in  this  way. 

Besides  opacities  which  are  lasting  and  which  constantly  increase,  there  are  some- 
times discovered  opacities  that  are  present  for  a  time  only.  These  form  very  minute 
parallel  and  generally  vertical  gray  lines  at  the  apex  of  the  cone,  and  probably  represent 
wrinkles  on  the  posterior  surface  of  the  cornea. 

A  keratoconus  of  slight  degree  may  be  readily  overlooked,  since  the  cornea  is 
perfectly  transparent.  The  diagnosis,  however,  can  be  made  even  in  the  earlier  stages 
by  examining  the  corneal  reflex,  particularly  if  we  use  Placido's  keratoscope  (§  149) 
for  the  purpose.  [See  also  Fig.  394.]  The  latter  instrument  at  the  same  time  shows 
most  clearly  that  the  apex  of  the  cone  is  not  ordinarily  situated  in  the  center  of  the  cornea, 
but  somewhere  below  it.  Again,  if  we  illuminate  the  pupil  with  the  ophthalmoscope, 
we  see  in  the  red  field  of  the  former  an  annular  shadow  which  is  particularly  dark  at 
one  spot;  this  spot  shifts  with  the  movements  of  the  mirror. 

In  high  degrees  of  keratoconus,  in  which  the  apex  is  already  opaque,  the  distinc- 
tion from  a  keratectasia  following  a  central  ulcer  of  the  cornea  is  often  very  difificult. 
We  must  then  take  into  consideration  the  condition  of  the  other  eye.    In  keratoconus 
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wr  alfiio^t  aIwuvb  6nd  the  ei^concl  eye  diseased  as  weil,  altlvoiiK!i  not  ordinarily  to  the 
Bunir  exlent;  while  a  central  kc*rflteetasia  Cfiuld  only  by  a  rare  accideut  be  present  at 
the  nyue  time  in  both  eyes. 

Kemtoc'cmua  nffeets  the  female  more  frequently  than  the  male  anx.  In  dome  caacs 
thf  •Uiternent  ha»  been  made  to  me  by  female  patients  thai  in  the  eourae  of  repeat^l 
pregnaficie»  the  trouble  hits  made  particularly  rapid  progress  each  time  that  pregnancy 
hM  oceurnnl. 

When  we  see  a  keratoconua  at  the  outset  we  can  never  foretell  to  what  extent  it 
.will  develop,  since  in  «ome  instiiwees  it  remain«  stationary  after  havinitr  attained  only  a 
mocirrate  pitch,  at  other  times  it  reaches  the  very  highest  pointy  and  moreover  ordina- 
rily acta  in  a  diflferent  sort  of  way  in  the  two  eyea  of  the  same  patient. 

The  results  of  treatment  are  hardly  «atisfactory.  Attempts  to  bring  the  kerat4>- 
QOmV  to  a  stop  in  a  non-operative  way  have  consist e<l  in  the  long-con tinuetl  inslillation 
«f  ABÜotie,  to  diniinish  the  pressure  in  the  anterior  chamber,  or  in  the  employment  of 
ODCDpreamon«  Neither  procedure  haa  any  aucceaa  to  point  to.  The  operation  for  kera- 
lofioous  does  bring  about  a  flattening  of  the  cornea,  but  the  curvature  of  the  laMer  is 
n^  <•  regular,  and,  moreover,  there  ia  produced  a  central  scar  of  the  cornea  with 

ir  lisad vantages.    We  must  therefore  be  contenteci  if  a  moderate  im|»rovement 

of  >.ighi  is  securetl  by  the  operation.  The  operative  treatment  is  tetJious»  and  does  not 
aHra>i  give  a  lasting  result,  the  cornea  in  many  cases  bulging  again  subt«H|uently, 
■lihough  not  as  much  as  it  did  before.  For  these  reasons  we  usually  decide  upon  oper^ 
aticm  only  in  the  more  lulvanced  stages  of  the  disease.  [All  operations  involve  some  risk, 
m  gbmooma,  irido-cyclitis,  cataract,  or  possibly  sympatiietic  inflammation  may  result 
from  ihism.— Dd 

In  keralogkbut  we  eoroetiraes  see  in  the  otherwise  transparent  cornea  faint,  gray» 
aharply  defined  opacities  of  striate  or  band-like  form.  Thcj^  arc  the  result  of  isolated 
lacerations  or  detachments  of  Descenicl':^  membrane,  produced,  as  in  the  case  of  a 
lEefmloconus,  by  the  excessive  stret<"hing  of  the  cornea. 

Tt^ilOftS  OP  THE  Cornea, — Tumors  1  hat  develop  primarily  in  the  cornea  are  among 
llie  greatest  of  rarities.  Isolated  instance«  of  primary  papilloma,  fibrtjma,  myxoma, 
tod  sareoma  of  the  cornea  Imve  been  [rubliahed.  The  carcinoraata  and  sjvrcomata 
which  not  infrequently  are  obsc-r\'ed  upon  the  oomea  do  not  originate  there,  but  in 
tlie  adjacent  conjunctiva,  and  in  fact  generally  in  the  limbus.  Thi^*  tumors  have 
bt«il  already  considered  under  the  heiwl  of  diseases  of  the  <*onjuncliva;  so  also  has  been 
the  dermoid,  a  congenital  form  of  tumor,  situated  partly  upon  the  cornea»  partly  in 
the  conjunctiva. 


CHAPTER  III. 
DISEASES   OF  THE  SCLERA 

Anatomy. 

51.  The  sclera,^  together  with  the  cornea,  forms  the  fibrous  enve- 
lope of  the  eye,  the  shape  of  which  is  nearly  that  of  a  sphere  having 
a  constriction  corresponding  to  the  basis  of  the  cornea.  The  mean 
diameter  of  this  sphere  (length  of  the  axis  of  the  eye)  amounts  to  24  mm. 
The  sclera  is  thickest  in  the  posterior  segment  of  the  eyeball,  where 
it  has  a  thickness  of  about  1  mm.  It  gradually  diminishes  in  thickness 
anteriorly,  becoming,  however,  somewhat  thicker  in  the  most  anterior 
segment,  because  here  the  tendons  of  the  recti  muscles  become  fused 
with  and  reinforce  it. 

The  sclera  consists  of  fine  fibrillae  of  connective  tissue,  which  are 
united  into  bundles.  These  run,  generally  speaking,  in  two  directions— 
from  before  backward  (meridional  fibers),  and  in  a  direction  concentric 
with  the  margin  of  the  cornea  (circular  or  equatorial  fibers).  Between 
the  bundles  are  found  a  few  flat  cells.  The  tissue  of  the  sclera  and 
of  the  cornea  are  very  similar  to  each  other,  and,  moreover,  at  the 
corneal  margin  pass  into  each  other  without  any  sharp  line  of  demar- 
cation. They  are  chiefly  distinguished  by  the  arrangement  of  the 
bundles  of  fibers,  which  is  much  more  regular  in  tl^e  cornea  than  in 
the  sclera. 

The  sclera  also  contains  branched  pigment  cells,  which  for  the  most 
part  are  met  with  only  in  its  deep  layers  and  also  along  the  vessels  and 
nerves  that  traverse  it.  In  the  living  eye  we  often  perceive  the  pig- 
ment in  the  spots  where  the  anterior  ciliary  veins  emerge  from  the 
sclera,  these  spots  appearing  as  small  brown  dots  upon  the  white  mem- 
l)rane.  Sometimes  we  find  in  the  human  eye  larger,  slate-colored  or 
light  violet  spots  upon  the  sclera  due  to  an  abnormal  pigmentation. 
Such  pigmentation  as  this  is  the  rule  in  many  animals.  If  the  sclera 
is  thin,  the  pigment  of  the  subjacent  chorioid  is  seen  as  a  dark 
substance  shining  through  it.  In  this  case,  which  occurs  especially 
in  children,  the  white  of  the  eye  has  a  bluish  tint,  like  thin  white 
porcelain. 

The  sclera  is  traversed  by  vessels  and  nerves  which  penetrate  into 
the  interior  of  the  eye,  but  has  itself  very  few  vessels.  On  the  other 
hand,  there  are  numerous  vessels  contained  in  the  so-called  episcleral 
tissue,  that  loose  connective  tissue  which  envelops  the  sclera  and  in  the 
anterior  segment  of  the  eye  attaches  the  conjunctiva  to  it.  In  the 
posterior  segment  of  the  eye  the  optic  nerve  passes  through  the  sclera, 

*  From  o-fcAi^p^,  hard. 
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rhich  here  apparently  has  an  aperture  for  the  passage  of  the  nerve 
foramen  sclerte).     In  reality,  however,  the  inner  layers  of  the  sclera 

are  continued  as  the  lamina  cribrosa  through  ihe  foramen  sclerse  (Fig. 

17;   for  more  precise  particulars,  see  §  lOU). 


L  Inflammation  of  the  Sclera, 

52.  Inflammation  of  the  sclera  (sclent is) ,  which  belongs  among  the 
rarer  affectionK  of  the  eye,  attacks  the  anterior  segment  of  the  sclera, 
lying  between  the  equator  of  the  eyeball  and  the  margin  of  the  cornea. 
It  dometimes  aifects  only  the  superficial  layers  of  the  sclera,  sometimes 
the  deep  layers  also.  In  the  first  case  the  disease  runs  its  course  without 
entailing  any  injury  upon  ihe  eye;  but  in  the  second  vume  it  is  dangerous 
to  the  sight,  inasmuch  as  the  inflammation  spreads  fnmi  the  sclera  to 
the  other  membranes  of  the  eye.  It  is  hence  of  practical  importance 
to  distinguish  between  a  superficial  and  a  deep  form  of  tlie  disease 
(episcleritis  and  sclent  is  of  authors). 

(a)  Superficial  Form  of  Scleritis  (Episderitis), 

This  form  makes  its  appearance  as  a  focal  inflammation,  a  circum- 
Äcribed  inflammatory  nodule  forming  in  the  sclera.  At  the  affected 
^pot  the  sclera,  owing  to  the  deposition  of  exudate,  bulges  out  in  the 
fi)rm  of  a  boss,  so  that  a  prominence  which  is  sometimes  flat,  sometimes 
more  acute,  and  which  may  reach  or  surpass  the  size  of  a  lentil,  is  found 
here  (Fig.  127).  This  is  traversed  by  vesi^els  which,  because  deeply 
situated  (episcleral),  are  violet  in  color;  and  it  is  immovably  attached 
to  the  sclera,  while  the  conjunctiva,  though  to  be  sure  injected,  can  be 
moved  about  freely.  The  nodule  feels  hard,  and  is  sometimes  very 
sensitive  to  the  touch.  Except  at  the  site  of  tlie  nodule  the  eye  may 
lie  perfectly  free  from  injection.  The  subjective  disturbances  vary 
greatly;  frequently  the  disease  is  associated  with  but  slight  discomfort 
for  the  patient,  while  in  other  cases  very  violent  pain  is  present,  which 
for  a  long  time  deprives  the  patient  of  sleep. 

In  the  subsequent  course  of  the  disease  disintegration  and  ulcera- 
tion of  the  nodules  never  occur;-  on  the  contrary,  they  always  disat}- 
pevLT  by  resorption.  After  the  iiiflammation  has  remained  at  its  acme 
for  stome  weeks,  the  nodule  gradually  flattens,  becomes  paler,  and  at 
length  disappears  completely,  after  lasting  altogether  from  four  to  eight 
weeks.  Sometimes  it  leaves  no  trace  behind  it:  more  frequently,  how^- 
ever,  at  the  spot  where  it  was  situated  a  slate-colored  patch  is  left,  and 
m  the  same  place  the  sclera  appears  somewhat  depressed  and  the  con- 
junctiva is  closely  adherent  to  it  (cicatrix  in  the  sclera).  In  other 
respects  the  eye  sufl'ers  no  after-injury  from  the  inflammation. 

Scleritis  is  peculiarly  prone  to  recur*  The  disease  may,  to  be  sure, 
«top  wth  one  or  two  attacks,  or  years  may  intervene  between  the  at- 
tacks; but  in  other  cases,  scarcelv  has  the  first  nodule  disappeared — 
21 
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nay,  even  the  first  one  may  not  have  disappeared — when  a  second  one 
appears  upon  another  portion  of  the  sclera.  Sometimes  the  disease 
does  not  cease  until  nodules  have  developed,  one  after  another,  in  the 
entire  circumcomeal  space,  and  at  length  a  zone  of  gray  discoloration 
is  visible  entirely  surrounding  the  cornea.  By  this  time  the  disease 
has  exhausted  itself,  since  a  new  nodule  does  not  generally  develop  in 
the  spot  where  another  was  situated  before.  But,  before  it  has  gone 
as  far  as  this,  several  years  may  have  elapsed,  during  which  the  patient 
with  but  brief  interruptions  is  annoyed  by  attacks  of  inflammation. 
Moreover  the  disease  very  frequently  attacks  both  eyes.  The  prognom 
of  the  superficial  form  of  scleritis  is  hence  unfavorable  in  respect  to  the 
duration  of  the  disease;  while  with  regard  to  the  final  outcome  it  must 

be  stated  as  favorable,  because  the  usefulness 
of  the  eye  for  vision  suffers  no  impairment, 
even  if  the  process  lasts  a  long  time. 

Superficial  scleritis  occurs,  as  a  rule,  only 

in  adults,  and  especially  in  elderly  people. 

In  some  cases  it  appears  to  be  connected  with 

rheumatic  or  gouty  affections;  in  others  its 

origin  is  obscure.     Treatment  avails  but  Uttle 

Fio.  127.-ÖCLEIUTI«.  against  it.     We  are  able  to  ameUorate  the 

«ide^f  [Äi^f^rthe'^^^^^     symptoms  and  accelerate  somewhat  the  sub- 

SnjuncuU' veiSLii^^rurdo  «idencc  of  the  nodulcs,  without  having  it  in  our 

it.   To  the  outer  side  and  below,     powcr  to  prevent  the  reciUTences.     Sodium 

and  somewhat  closer  to  the  cornea,  i.       i 

lies  a  grayish  spot  at  the  point     Salicylate    or    asDinu    and   sometimes    also 

where  half  a  year  before  a  sclentio  i    i_«    •  •  •     .  n  p      ^\ 

eminence  had  been  situated.  Colchicine  are  given  mtemally;  furthermore, 

diaphoretic  methods  of  treatment,  derivative 
remedies  in  the  shape  of  mildly  purgative  mineral  waters,  iodide  of 
potassium,  etc.,  may  be  recommended.  As  regards  local  remedies,  we 
may  try  to  produce  more  rapid  subsidence  of  the  nodule  by  massaging  it. 
Fat,  either  without  addition  or  under  the  form  of  the  yellow-precipitate 
ointment,  is  introduced  into  the  conjunctival  sac,  and  the  nodule,  which 
can  be  felt  through  the  lid,  is  then  rubbed  and  squeezed  through  the  lid 
by  means  of  the  fingers.  If  the  disease  is  associated  with  violent  pain, 
we  may  employ  moist  and  warm  compresses,  dionin,  atropine,  and  local 
blood-letting  (six  to  ten  leeches  upon-  the  temple)  in  addition  to  the 
massage:  the  latter  procedure,  indeed,  in  these  cases  frequently  can  not 
be  performed  because  the  nodule  is  too  painful.  In  this  event  the 
application  of  the  constant  current  to  the  nodule  by  means  of  a  small 
electrode  (Reuss)  has  been  recommended.  [Orthoform  ointment  (10  per 
cent)  or  acoine  oil  (1  per  cent)  may  also  be  tried. — D.J 

(6)  Deep  Forms  of  Sderitis. 

In  this  form,  too,  a  swelling  of  the  sclera  exists  which  may  make 
its  app(*arance  under  the  form  of  separate  prominences,  but  which  more 
frequently  is  not  so  sharply  circumscribed.     In  the  latter  case  the  sclera 
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an  extensive  bluish-red  injection,  sometimes  covering  the  whole 
cumcorneal  region,  and  a  more  uniform  sweUing  not  composed  of 
isolated  prominence«.  Later  the  sclera  in  this  situation  often  takes  on 
a  peculiar  pale'%*iolet  color  and  a  transparent  look,  that  make  it  re- 
^mble  fine  porcelain.  But  the  deep  is  distinguished  from  the  super- 
ficial form  most  of  all  by  the  course  of  the  inflammation  and  by  its  being 
communicated  to  other  parts  of  the  eye. 

The  intianjmation  in  the  sclera  in  this  case  as  in  the  superficial 
form  lead^  not  to  disintegration  of  the  inflammatory  products,  but  to 
their  disappearance  by  resorption  with  the  formation  of  a  residual  dark- 
colored  cicatrix.  In  the  meantime,  however,  the  sclera  has  been  under- 
going considerable  attenuation  at  the  site  of  the  cicatrix,  so  that  it  is 
DO  longer  able  to  offer  resistance  to  the  intra-ocular  pressure,  even  though 
this  does  not  exceed  its  normal  amount.  Hence  cctasls  of  tlie  diseased 
gpot  occurs*  This  makes  it«  apj>earance  under  two  forms — either  as  an 
expansion  of  the  whole  surface,  or  as  a  gibbous  protrusion  of  the  sclera. 
In  the  former  case  the  entire  cireumcorneal  zone  of  the  sclera»  which 
haft  been  colored  gray  by  the  scleritis,  becomes  constantly  more  and 
more  dilated.  Consequently,  the  cornea,  together  with  the  adjacent 
portions  of  the  sclera,  is  projected  forward,  so  that  the  eyeball  is  elon- 
gated in  a  sagittal  direction  and  becomes  pear-shaped.  In  the  second 
case,  on  the  contrary,  a  circumscribed  protrusion  of  the  thinned-out 
spots,  raising  them  above  the  level  of  the  healthy  sclera,  is  produced, 
fto  that  there  are  seen  rising  about  the  cornea  a  number  of  humps,  which, 
because  of  their  thin  walls,  show  the  dark  pigment  shining  through. 
As  these  belong  to  the  region  of  the  ciliary  body,  they  are  called  ciÜary 
^aphylomata  (see  §  56), 

Complications  affecting  other  portions  of  the  eye  are  likewise  a 
ract eristic  feature  of  the  deep  form  of  scleritis.  They  affect  both  ^ 
mea  and  uvea.  In  the  cornea,  inhh rates,  deeply  situated,  develop,  y 
which  do  not  break  down  into  pus  but  become  absorbed  again,  leaving 
a  permanent  opacity  (sclernsing  keratitis,  see  page  28Z).  ^  In  the  iris 
we  find  the  signs  of  iritis,  mainly  under  the  guise  of  posterior  synechia 
and  even  of  occlusio  pupillae,  but  never  of  hypopyon.  In  the  chorioid, 
the  inflammation  affects  chiefly  its  most  anterior  portion,  and  causes 
injury  to  vision  chiefly  through  accompanying  opacities  in  the  vitreous. 
So  in  this  form  of  scleritis  almost  all  parts  of  the  eye  suffer;  and  for 
this  reason  it  is  much  more  dangerous  than  the  superficial  form. 

Deep  scleritis  almost  always  affects  both  eyes,  and,  as  treatment  is 
unable  to  arrest  it,  is  prolonged  over  a  course  of  years.  It  leads  to  the 
formation  of  dense  corneal  opacities,  to  seclusio  pupillae  with  its  baneful 
consequences,  to  opacities  of  the  lens  and  vitreous,  to  myopia  of  high 
degree  due  to  the  elongation  of  the  axis  of  the  eye,  and  finally  to  eleva- 
tion of  tension  due  to  the  ectasia  in  the  sclera.  Hence  the  disease  al- 
ways ends  by  producing  great  impairment  or  even  complete  loss  of 
right. 
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The  deep  form,  in  opposition  to  the  superficial  variety,  affects 
mainly  young  people  (but  not  children).  It  is  often  found  in  conjunc- 
tion with  the  signs  of  scrofula,  tuberculosis,  or  hereditary  syphilis.  In 
the  female  sex,  which  is  more  frequently  attacked  than  the  male  by 
this  disease,  disturbances  of  menstruation  appear  to  furnish  the  excit- 
ing cause. 

Treatment  has  very  little  power  over  deep  scleritis.  It  has  first  of 
all  to  combat  by  dietetic  and  medicinal  remedies  any  constitutional  af- 
fection that  may  lie  at  the  root  of  the  disease,  and  for  this  purpose  the 
preparations  of  iodine  (iodide  of  potassium,  iodide  of  iron,  iodureted 
mineral  waters),  or,  in  case  of  the  disturbances  of  menstruation,  the 
preparations  of  iron  are  employed.  As  concerns  the  eye  itself,  the  in- 
flammation of  the  cornea  and  iris  must  he  treated  in  the  appropriate 
way.  In  the  subsequent  course  of  the  disease  iridectomy  is  frequently 
required,  either  for  optical  reasons,  to  place  the  pupil  behind  that  part 
of  the  cornea  that  is  still  transparent,  or  to  prevent  the  elevation  of 
tension  which  may  be  excited  by  the  seclusio  pupillae  or  by  the  ectasia 
of  the  sclera.  Iridectomy,  however,  should,  if  possible,  not  be  per- 
formed until  after  the  subsidence  of  all  inflammatory  symptoms. 

The  superficial  and  the  deep  variety  of  scleritis  are  not  by  any  means  sharply  dis- 
tinguished from  each  other,  but  show  many  transition  forms.    We  can  not,  in  fact, 
see  in  the  living  eye  how  far  the  inflammation  penetrates  into  the  sclera.    When  we 
make  the  assumption  that  in  the  deep  form  the  inflammation  does  extend  more  deeply, 
we  have  no  direct  proof  of  it;    we  can  only  infer  this  indirectly  from  the  subsequent 
^  ^^  thinning  of  the  sclera  and  from  the  spread  of  the  inflammation  to  the  subjacent  uvea. 
'''j    In  fact,  many  authors  assume  that  the  real  starting  point  of  the  inflammation  in  this 
/r^.   form  lies  in  the  uvea,  and  they  call  it,  therefore,  sclero-chorioiditis  or  uveo-scleritis. 
yT  Scleritis  in  the  well-marked  cases  is  a  very  characteristic  and  easily  recognizable 

^,    disease.    In  light  and  abortive  cases  the  diagnosis  is  sometimes  difficult.    For  instance, 
y^  I  a  scleritic  nodule  which  is  small  and  situated  particularly  close  to  the  margin  of  the 
y  y  cornea,  might  be  taken  for  an  efflorescence  of  conjunctivitis  eczematosa.    The  follow- 
^       ing  characters  may  be  regarded  as  distinctive:    The  scleritic  nodule  never  actually 
lies  in  the  limbus,  and  besides  is  not  situated  in  the  conjunctiva,  but  beneath  it,  so 
that  the  latter  can  be  moved  about  over  it.    Lastly,  the  subsequent  course  will  soon 
clear  up  the  diagnosis,  as  the  eczematous  nodule  is  converted  by  superficial  disintegra- 
tion into  a  conjunctival  ulcer — ^a  thing  which  never  occurs  with  a  scleritic  nodule. 

In  parenchymatous  keratitis  we  sometimes  find  a  coincident,  slight  but  widely 
diffused,  circumcomeal  scleritis.  Isolated  nodules  are  sometimes  also  observed  in  the 
sclera  as  a  result  of  syphiliSi  but  a  typical  recurrent  scleritis  does  not  ordinarily  arise 
from  this  cause. 

In  many  cases  of  diffuse  deep  scleritis  there  develop  in  the  inflamed  zone  hard 
whitish  nodules  of  the  size  of  a  pin's  head,  which  lie  beneath  the  conjunctiva,  and  all 
at  pretty  much  the  same  distance  from  the  margin  of  the  cornea.  They  might  be  taken 
for  tuberculous  nodules,  which,  however,  they  are  not.  In  fact,  they  disappear  again 
without  undergoing  disintegration. 

In  exceptional  cases  it  happens  that  the  inflammation  is  situated  not  in  the  ante- 
rior segment,  but  further  back,  either  in  the  equatorial  regions,  or  actually  in  the 
posterior  segment  of  the  eyeball.  Such  a  scleritis  posterior  is  hard  to  diagnosticate, 
because  the  inflammatory  swelling  of  the  sclera,  being  in  a  place  which  it  is  impossible 
to  get  at,  can  neither  be  seen  nor  felt.  The  symptoms  are  pain  and  disturbance  of 
vision.    The  ophthalmoscope  shows  the  cause  of  the  latter  to  be  a  gray  cloudiness  aad 
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I  m  siw.     At  the  anterior  Iwnler  of  the  cihary  miiHcle  can  bo  t«en|the 

..^♦^.. ,...,.    r.  i..  major.     The  irta  aho  is  thinned,  and  chiefly  at  Ita  p«ripb* 

apphod  to  the  p«»^t*'riür  surface  of  ih«  ooitliMb,  mod  htm 

•y.  and  the  lumen  of  Se^hleiiim'»  c&aal  are  oon»eqilciltiv 

lit*..  ..«iu«i.><*..      .  uit^  p^ripberal  adheeioa  of  the  iria  ia  m  conwatiMCft  with 

I  of  ««CUBOO  tkuu  existed  in  the  Uvin«  eye. 

obtfttncd.  In  «uch  cases  the  solera  is  permeated  in  its  middle  and  deep  layers  with 
tminuclear  leucocyte«  (Fig.  128).  In  partit^ularly  severe  eases  in  which  eUnically  the 
whole  liffiue  appears  to  contain  a  gelatiniiB  infiltration,  the  sclera  at  the  diäeiLsed  spot  is 
IrMMfonxied  throughout  its  entire  thickneBS  into  a  tissue  which  contains  an  exceaaivQ 
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abundance  of  cells  and  in  which  necrosis  has  set  in  here  and  there.  Sometimes  even 
whole  lamellaB  of  the  sclera  have  become  necrotic  en  maase  and  form  a  sequestrum. 
Sometimes  in  the  cellular  tissue  there  are  scattered  nodules  containing  giant  cdls-- 
this  without  there  being  any  tuberculosis  present. 

The  more  intensely  the  sclera  is  discÄsed  the  surer  we  are  to  find  inflanoumatory 
changes  not  only  in  the  adjacent  cornea,  but  also  in  the  uvea  and  especially  in  the 
chorioid. 

Under  the  name  of  episderUis  periodica  fugax  (subconjunctivitis  of  von  Graefe) 
is  denoted  an  inflammation  of  the  vascular  ^piscteRTTissue,  distinguished  by  its  tran- 
sient character  and  by  its  tendency  to  recur.  The  recurrences  often  take  place  with  a 
considerable  regularity  at  intervals  of  some  weeks  or  months,  and  may  keep  on  being 
repeated  for  years.  The  separate  attacks  a£fect  sometimes  one,  sometimes  both  eyes. 
The  eye  attacked  shows  marked  redness  and  oedematous  swelling  of  the  episcleral 
tissue  and  of  the  over-lying  conjunctiva.  Often  the  inflammation  is  partial  in  the 
sense  that  it  is  confined  to  one  portion  of  the  anterior  segment  of  the  eyeball,  or  begins 
in  one  quadrant  of  it  and  travels  from  this  to  another.  In  severe  cases  contraction  of 
the  pupil  and  spasm  of  the  ciliary  muscle  (temporary  myopia)  are  present.  The  pain 
is  sometimes  slight,  sometimes  pretty  violent.  Ordinarily  the  inflammation  runs  its 
course  and  the  eye  becomes  normal  again  in  a  few  days.  The  disease  is,  therefore,  free 
from  danger,  but  owing  to  its  frequent  recurrences  is  very  troublesome.  On  the  whole, 
it  is  a  rare  affection,  and  commonly  attacks  persons  in  middle  life,  sometimes  without 
known  cause,  sometimes  as  the  result  of  a  rheiu^tic  or  gouty  tendency.  Quinine, 
sodium  salicylate,  and  treatment  directed  asaifist  a  uratic  diatheais  prove  advan- 
tageous; but  many  case«  Hafy  m  t.r«^.mftn».  f    j  (^  ?/^ 

II.  Injuries  op  the  Sclera. 

53.  Perforating  Wounds  of  the  Eyeball.— The  same  varieties  of 
traumatism  that  we  have .  discovered  to  occur  in  the  cornea  and  con- 
junctiva are  also  met  with  in  the  sclera.  The  first  question  that  we  have 
to  ask  in  considering  any  such  injury  is,  whether  a  perforation  of  the 
tunics  of  the  eyeball  has  or  has  not  been  produced  by  it,  and  the  second 
question  is  whether  in  case  a  perforation  is  present,  there  is  a  foreign  » 
body  in  the  eye.  * 

Every  perforating  injury  is  to  be  regarded  as  intrinsically  serious, 
because,  given  a  perforation,  there  is  a  possibihty  of  a  coincident  infec- 
tion of  the  interior  of  the  eye;  but  this  almost  always  leads  to  a  severe 
form  of  inflammation  that  is  very  destructive  to  the  eye.  This  is  true 
for  perforating  wounds  of  the  cornea  as  well  as  of  the  sclera,  for  which 
reason  the  statements  made  in  the  following  lines  may  be  applied  to  both. 

The  most  important  symptoms  of  the  presence  of  a  perforation  are: 

(a)  Reduction  of  the  intra-ocular  tension.  This  symptom  is  par- 
ticularly valuable  in  the  case  of  small  wounds  in  the  sclera,  which  are 
concealed  by  the  ecchymosed  conjunctiva,  and  are  hence  not  directly 
accessible  to  inspection.  The  diminution  of  tension,  of  course,  lasts 
only  as  long  as  the  wound  is  open. 

(6)  If  the  perforation  has  occurred  in  the  region  of  the  anterior 
chamber,  the  latter  is  shallower  or  altogether  obliterated,  as  long  as  the 
wound  remains  open. 

c)  In  the  case  of  somewhat  larger  wounds  the  prolapse  of  the 
subjacent  structures  gives  evidence  of  the  presence  of  a  perforation. 
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Host  frequently  it  is  the  uvea  which  protrudes  from  the  wound  under 
the  form  of  a  darkly  pigiiiented  inasä.  According  to  the  .situation  of 
the  wound,  the  prolapsed  portion  belongs  to  the  iris,  to  the  ciliary  body, 
or  to  the  chorioid.  If  the  uvea  is  ruptured,  some  vitreous  is  oftf^n  found 
hanging  out  of  the  wound.  Very  frequently,  too,  there  are  extravasa- 
tions of  blood  in  the  interior  of  the  eye,  which,  to  be  sure,  often  like- 
wise occur  in  the  case  of  non-perforating  contujsionö  of  the  eye.  Blood 
extmvasated  into  the  anterior  chamber  generally  ^inks  to  the  bottoni 
of  it  soon  after  the  occurrence  of  the  injury,  so  that,  like  a  hypopyon. 


Fia,  120. 


Pra.  190 


-RFFTrRE  or  TiiK  ScLtBA.     Injury  pn?dueied  by  the  eye  tMlng  hit  with  «  iitonp  thirty 
Rupture  h«ilpcl  with  rct««!!^!  of  the  visual  power.     The  ait«  of  the  rupture  cnii  be 

xmt  «looff  the  convex  frr»y  line  (i»rAr)  whirli  run-  ri»ni:*ntric  with  the  upper  nuurnrin  of  Ihe  coriwa. 

Th»  pome*  i*  dear,  Ihe  Buierior  eh&t»b«r  rafli  shan  ufimiAl.     The  pupil!  i^  dii^lAtN^l  txMlily 

upwjLn)  (ihe  lower  m&rffin  of  the  pupil  Uf*^  api  Uffiinil  ih*-  <^*nter  of  the  eomeAi  ami  cxtetidti 

A      %ö  the  uppcir  f&&r^n  of  the  etimea.     The  le^-«^  the  iri:*  can  be  followini  «n  both  »idcs  of  th« 

I       «oloboiMk  to  •  pOLDt  behimi  the  Utnbya.     On  both  M(i«^s  of  tht»  1*001«»  1«  »  pitmtiecda. 

Fl**  130.^ — B&itK  CAflt;  m  Skction.     Maicnifiecl  3  •    L     The  rupture  rum*  frum  ScUIemm'Ä  canftl.  •, 

«ibUQIIidy  upwmrd  to  thjit  that  ciortimi  of  the  -»car  which  is  viAJble  externally  lies  in  the  Mera  2  mm 

bMk  of  %hm  UiabUB,     The  Up-»  of  the  wound  are  :tepara(ed;  between  them  he«  acftr  tiasue.  and  imbe<1ded 

in  Vküm  i»  the  in*.    The  latter  i>  torn  away  from  it?  insertion  in  the  ciliary  hotly  eiad  i*  rolled  up:  the 

j^ittetkm  h>a  huppeoed  to  ntrike  it  in  fluch  a  way  that  the  ins  here  lookj«  like  »  elosed  ring  on  the  inuer 

^^HrrumfvreDce  of  which  the  retinal  piicment   layer  ii^  viable.     The  eittary  body  ia  somewhat  lacerated 

^^^m  it«  m^erttoQ  and  the  »car  ti&iuo  exteodi^  into  the  cbixik  that  i»  thus  produced. 

it  fills  up  the  lowermost  part  of  the  chamber  and  is  bounded  above 
)y  a  horizontal  line  ihiphwma  ^).  Blood  in  the  vitreous  often  makes  itself 
Evident  by  a  reddish  reflex  from  the  pupil  ihwmopkthalmus^). 

Perforating  wound^s  of  the  sclera  are  distinjcuished  into  incised» 

ctured,  and  lacerated  wounds.     To  the  two  former  belong,  besidee 

ids  produced   by  operation,  thase  caused  by  the  penetration  of 

iharp-pointed  or  fiharp*edged  foreign  bodies.     Lacerated  wounds  are 

aoet  frequently  the  conserpjence  of  a  rufttiirr  of  the  sclera.     This  is 

»dured  by  the  action  of  a  blunt  instrument  upon  the  eye  (contusion) 

g.,  by  a  blow  with  the  fist  or  with  a  cane,  by  a  stone,  by  the  impact 

irge  flying  fragments  of  wood  or  nietab  by  a  thrust  from  a  cow's 


'  From  vvo,  beneath,  and  «V«,  blood.     *  Froin  «I^«,  blood*  and  i^taAjA^,  «y«. 
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horn  (not  infrequent  among  farmers),  by  striking  the  eye  against  a  pro- 
jecting corner,  etc.  The  rupture  of  the  sclera  is  always  pretty  long,  is 
curved,  and  lies  near  the  corneal  margin  and  concentric  with  it.  Most 
ruptures  are  observed  along  the  upper  and  inner  margin  of  the  cornea 
(Fig.  129).     As  a  rule,  the  process  does  not  stop  at  laceration  of  the 

sclera,  but  a  part  of  the  con- 
tents of  the  eye,  most  gener- 
ally the  lens,  is  expelled,  and 
the  vitreous  is  sometimes  seen 
hanging  out  of  the  wound. 
The  iris,  at  a  point  correspond- 
ing to  the  site  of  the  rupture, 
appears  to  be  wanting,  and 
the  eye  often  looks  as  if  the 
portion  of  the  iris  in  question 
had  been  removed  by  iridec- 
tomy (see  §  73).  Frequently 
the  conjunctiva  over  the  lac- 
erated sclera,  thanks  to  its 
great  extensibility,  remains 
uninjured.  In  this  case  the 
extruded  lens  is  sometimes 
found  lying  beneath  the  con- 
junctiva (Fig.   135). 

The  course  after  a  per- 
forating injury  varies  accord- 
ing as  a  foreign  body  has 
remained  in  the  eye  or  not. 
Suppose,  first,  that  no  foreign 
body  has  remained  in  the 
eye.  Then  the  only  thing  to 
be  considered  is  the  healing 
of  the  wound  itself;  and  in 
regard  to  this  the  main  thing 
to  determine  is  whether  the 
injury  has  been  followed  by 
infection  of  the  wound  or 
not,  as  upon  this  depends 
the  question  whether  healing 
takes  place   with   or  without  inflammation. 

(a)  Healing  without  inflammation  is  to  be  expected  only  in  the  case 
of  clean,  non-infected  wounds.  The  most  favorable  conditions  are  pre- 
sented by  clean  incised  or  punctured  wounds,  such  as,  for  instance,  are 
made  by  operations,  where  at  the  same  time  care  is  taken  that  no  foreign 
tissue,  like  uvea  or  vitreous,  is  introduced  into  the  wound.  But  even 
if  this  latter  should  be  the  case,  healing  without  inflammation  is  still 


Fio.  131. — Inclusion  of  the  Iris  with  Ctstoid  Cic- 
atrization   AFTER    THE    EXTRACTION    OF    A    SeNILB 

Cataract  by  Graefe's  Peripheral  Linear  Section. 
Magnified  13  X  1. 

The  section  by  which  the  extraction  was  made  cuts  in 
two  the  line  of  junction  between  the  sclera,  <S\  and  the 
cornea,  //,  so  that  by  its  anterior  half  it  lies  in  the  sclera, 
by  it«  posterior  half  in  the  cornea.  On  account  of  the  in- 
terposition of  the  in»,  /,  the  lips  of  the  wound  have  not 
united;  in  fact,  the  tract  of  the  wound  extends  under  the 
form  of  a  cavity,  h,  even  into  the  tissue  of  the  conjunc- 
tiva of  the  limbus,  L,  so  that  the  wound  is  closed  only 
by  a  very  thin  layer  of  conjunctiva  which,  on  account 
of  the  cavity  beneath  it,  lookis  like  a  vesicle.  The  iris  by 
being  jammed  into  the  wound  is  folded  upon  itself,  the 
point  of  flexion  corresponding  to  the  exterior  surface  of 
the  sclera.  Peripherally  from  the  site  of  its  incarceration 
the  iris  being  drawn  tense  runs  in  a  straight  line  to  the 
ciliary  body,  C;  consequently,  the  anterior  chamber  is 
here  reduced  to  a  narrow  slit,  although  the  sinus  of  the 
chamber  remains  pervious.  The  pupillary  portion  of  the 
iris  extends  centrally  from  the  scar  into  the  anterior 
chamber,  where  it  lies  free.  On  its  anterior  surface  may 
be  seen  the  entrance  of  a  crypt,  near  its  posterior  surface 
the  cros«  section  of  the  sphmcter  pupilla>.  Alonij;  with 
the  iris,  the  much-puckered  capsule,  /F,  of  the  lens  is,  also 
drawn  up  to  the  cicatrix,  and  has  become  adherent  to  it. 
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possible^  althouKh  the  edf^es  of  the  wound  can  not  unite  vnih  each  other 
directly,  l>ecause  they  are  not  iu  contact.  The  tissue  eonsi.sting  uf  uvea 
or  vitiTOUs  introduced  between  them  is  pjradoally  converttHl  into  cica- 
tricial tiftsue,  and  thus  takes  part  in  the  dehnitive  closure  of  the  W(mnd. 
It  then,  to  l>e  sure,  always  remains  attaehcil  to  the  cicatrix,  a  thinn^  which 
later  on  often  entails  evil  Cünsequences.  In  this  way — i.  e.,  by  the  int*?r- 
posttiuri  of  a  ci<*at  ricial  tissue  taking  place  between  the  edges  of  the  wound 
^-rven  lacerated  wounds,  such  as  tlevelop,  for  example,  after  rupture  of 
thk?  sclera,  may  if  the  case  riuit^  a  fortunate*  course,  ht»al,  and  heal  with- 
out inHanunation  so  that  the  eje  remains  serviceable  fur  vision. 

We  often  observe  that  the  scleral  wounds,  which  lie  near  the  corneal 
margin  and  in  which  the  iris  L»r  lens  caj^sule  has  become  lodged,  close  im- 
perfect iy,  since  while  the  eoujunctiva  does  unite  over  the  scleral  wound, 
the  latter  remains  open  to  a  certain  extent  bt^cause  the  intiTposed  tissues 
prevent  its  lips  from  coming  into  direct  contact.  Througii  the  gap  aqueous 
faurnor  constantly  exudes  beneath  the  conjunctiva,  which  either  takes 
on  a  gelatinous  character  in  the  region  of  the  cicatrix  or  is  bulged  out  in 
the  form  of  a  circumscribed  V(»sicle  resemliUng  a  cyst  (Fig.  131,  h).  Fol- 
lowing Von  Cirac*fe,  we  give  this  conditi<>n  the  lumie  of  cystoid  cicatriza- 
ii*m  (si*e  page  208)*  It  is  chietly  observed  after  operations  (cataract  ex- 
traction and  iridect^jmy). 

(h)  Perforating  wounds  of  the  sclera  are  followed  by  violent  tnflam* 
ition  whenever  infection  of  the  wouml  or  the  interior  of  tiie  eye  has 
tcurred.     Infection  takes  place  either  liy  means  of  the  very  bod}'  which 
the  injur>%  it  being  covereil  with  dirt  and  thus  conveying  infcc- 
germs,  or  secondarily  from  the  fact  that  the  opening  in  the  envel- 
of  the  eyeball  affords  a  point  of  entrance  for  germs,  especially  from 
conjunctival  sac.    The  interior  of  the  eye  is  uncommonly  susceptible 
infection,  since  it  obviously  affords  a  good  me<Iiam  for  the  cultivation 
different  kinds  of  schizoraycetes.     The  inllanimatory  process  mainly 
fc'CtÄ  the  uvea.     In  the  acutest  cases  there  is  a  purulent  inflammation 
the  latter,  which  leads  to  the  formation  i\i  abscess  in  the  vitreous  or  to 
actual  suppuration  of  the  whole  eye  (panophthalmitis).     In  the  less 
[»lent  cases  there  is  a  plastic  iridc^-cyclitis— i.  e.,  the  inflammation  of  the 
and  ciliary  lx>dy  produces  an  exudate  which  subsequently  becomes 
jiizihI  into  a  falsf  membrane.     In  this  case,  too,  the  eye  is  generally 
Bt,  although  it  is  \v>i  destroyed  in  such  a  violent  fashion  as  in  panoph- 
iainiitis,  but  by  a  [)rocess  of  protractett  inflammation.    The  exudates  which 
lergo  organization  shrink  and  thus  gradually  diminish  the  size  of  the 
11  (atrojjhy  of  the  eyeball).    This  outcome  of  an  injury  is  even  more 
rous  for  the  patient  than  panophthalmitis,  since  in  the  former  case 
ipathetic  inflammation  of  the  other  eye  very  frequently  sets  in,  which 
not  the  case  in  panophthalmitis, 
54.     Foreign  Bodies  in  the  Eye* — The  presence  of  a  foreign  body  in 
interior  of  the  eye  converts  every  injury,  be  it  ever  so  insignificant 
Bnse,  into  a  serious  lesion,  which,  in  most  cajses,  entails  the  de- 
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struction  of  the  eye.  Hence  in  every  injury  attended  with  perforation 
we  must  at  once  propound  the  query  whether  or  not  there  is  a  foreign 
body  left  in  the  eye.  In  most  cases  the  history  of  the  case  itself  sup- 
plies points  important  for  the  determination  of  this  fact.  If,  for  instance, 
a  person  has  run  a  pair  of  scissors  into  his  eye,  we  would  naturally 
suppose  that  there  was  no  foreign  body  there;  conversely,  in  the  case 
of  a  man  who  had  had  a  perforating  injury  of  the  eye  produced  by 
the  explosion  of  a  percussion  cap  or  while  he  was  hammering  iron, 
the  presence  of  a  foreign  body  in  the  eye  is  extremely  probable.  The 
character  of  the  foreign  bodies  in  question  varies  exceedingly.  Most 
commonly  we  have  to  do  with  fine  splinters,  the  points  and  sharp  edges 
of  which  enable  them  to  penetrate  the  sclera.  In  this  category  belong 
chiefly  spUnters.of  metal,  splinters  of  glass,  and  fragments  of  stone- 
less  commonly  slivers  of  wood,  etc.  The  foreign  body  may  be  situated 
in  any  part  of  the  eye;  indeed,  if  it  has  sufficient  projectile  force,  it  may 
even,  after  traversing  the  entire  eyeball,  perforate  the  sclera  a  second 
time  on  the  opposite  side,  and  penetrate  into  the  tissue  of  the  orbit. 
The  precise  determination  of  the  place  in  which  a  foreign  body  is 
located  within  the  eye  is  generally  attended  with  great  difficulties. 
As  a  rule,  it  is  only  during  the  time  immediately  succeeding  the  injury 
that  it  is  possible  to  see  the  foreign  body  directly,  although  even  then 
inspection  of  the  interior  of  the  eye  is  often  rendered  impos§ible  by 
the  presence  of  hemorrhages.  Subsequently,  the  difficulty  of  this  in- 
spection is  still  further  heightened  by  the  cloudiness  which  soon  de- 
velops in  the  media  and  by  the  exudates  which  envelop  the  foreign 
body  and  render  it  unrecognizable.  If  we  are  dealing  with  metallic 
fragments  of  not  too  small  dimensions,  we  may  be  able  to  make  them 
out  and  localize  them  by  means  of  the  Röntgen  rays;  and  for  chips 
of  iron  we  may  also  employ  a  sensitive  magnetic  needle  (sideroscope). 
If  these  means  are  unavailing,  we  are  often  driven  to  conjectures  with 
regard  to  the  location  of  the  foreign  body — conjectures  based  upon  the 
direction  pursued  by  the  body  in  its  ffight,  the  situation  of  the  aperture 
by  which  it  entered,  the  sensitiveness  of  certain  portions  of  the  eye  to 
touch,  the  presence  of  a  circumscribed  obscuration  (scotoma)  in  the 
field  of  vision,  etc. 

It  is  only  in  rare  instances  that  a  foreign  body  is  tolerated  for  any 
length  of  time  in  the  eye  without  setting  up  inflammation,  the  body 
itself  either  remaining  free  or  becoming  encapsulated  in  an  organized 
exudate.  But  even  such  eyes  as  these  are  by  no  means  secure  from  a 
sudden  outbreak  of  inflammation — occurring  sometimes  years  afterward 
— which  causes  their  destruction.  In  the  great  majority  of  cases  the 
inflammation  follows  close  upon  the  heels  of  the  injury.  Such  an  in- 
flammation is  either  a  panophthalmitis,  an  abscess  in  the  vitreous,  or  a 
plastic  irido-cyclitis,  just  as  in  the  case  of  simple  perforating  injuries. 

The  prognosis  of  perforating  wounds  of  the  eyeball  is  deducible 
from  the  exposition  given  above.     In  every  case  it  is  grave,  for  even 
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the  minutest  prick  made  with  a  fine  needle  may  induce  suppuration  of 
the  eyeball,  if  the  needle  wa^  contaminated  with  septic  subötances.  As 
ipedotiot  for  the  most  part  know  whether  the  body  causing  the  injury 
mwm  aatptic  or  not,  and  ns  the  conseqoenceö  of  an  infection  of  the  wound 
do  not  set  in  until  several  days  have  elap^sed,  we  must  be  very  cautious 
in  siaititig  the  prognogis  during  the  first  few  dayis  after  the  injury.  In 
feneral,  tte  nature  of  the  wound  and  the  facts  as  to  the  presence  of  a 
foreign  body  in  the  eye  serve  to  determine  the  prognosis.  With  re- 
gard to  the  former,  w^e  must  take  into  consideration  the  ^tu^ition  and 
extent  of  the  wound,  and  the  condition  of  its  edges;  alsn  whether  or 
the  inner  tunics  of  the  eye  have  prolapsed  into  the  wound,  and  how 
,  if  any,  vitreous  has  escaped.  Large  wounds  with  extensive  pro- 
'bpse  of  the  inner  tunicas  of  the  eye  are  always  followed  by  inflammation 
and  by  shriveling  of  the  eyeljalL  The  question  in  regard  to  foreip^n 
ixKÜea  is  often  difficuk  to  decide.  If  there  is  a  foreign  body  in  the  eye 
it  cäh  not  be  removed  at  once,  the  eye  is  almost  always  lost.  Again, 
ting  the  prognosis,  the  danger  w'hich  threatens  the  other  eye,  be- 
of  sympathetic  inflammation^  must  not  he  forgotten. 
55.  Treatment. — When  we  got  a  recent  perforating  wound  to  treat, 
which  IS  so  extensive  that  we  have  no  prospect  of  retaining  the  eye  in  a 
rviceable  condition,  we  advise  the  patient  to  have  enucleation  done  at 
(firimary  enucleation).  By  this  he  is  saved  from  a  protracted  illness 
11  as  from  sympathetic  disease  of  the  other  eye. 
If  the  injury  is  such  that  there  is  a  prospect  of  retaining  an  eye  that 
will  be  able  to  see  and  there  is  no  indication  of  the  presence  of  a  foreign 
body  in  the  interior  of  the  eye,  we  cleanse  the  wound  from  any  adherent 
'  'oed  pledget«  of  cotton.  If  the  iris  has  prolapsed  into 
.ri]  can  be  the  case  only  in  wounds  situated  in  the  cornea 
in  the  most  anterior  portions  of  the  scfpra  (Figs.  133,  134),  it  must  be 
fully  excised.  But  if  the  ciliary  body  or  chorioid  projects  into  the 
woundf  they  should  not  l^e  removed,  because,  if  the>^  are,  the  vitreous 
would  prolapse.  Small  wounds  .soon  close  of  themselves  by  cicatrization; 
y^W^f  gaping  w^ounds  should  be  united  by  sutures  passed  either  through 
edges  of  the  sclera  itself  (only,  however,  through  its  superficial  layers) 
better,  through  the  conjunctiva  overlying  it.  After  we  have  thus 
^atctl  the  wound  we  instill  atropine  into  the  eye,  put  the  patient  to  bed, 
id  apply  a  bandage  or,  if  there  are  signs  of  beginning  inflammation, 
ply  iced  compresses. 

If  in  spite  of  the  treatment  the  inflammation  progresses,  we  do 
ucleation  (secondary  enucleation),  as  soon  as  we  see  that  the  eye 
i  so  far  as  sight  is  concerned.     How  do  we  recognize  this?    The  fu- 
of  the  eye  depemls  not  «o  much  on  the  changes  taking  place  in  the 
terior  chamber  as  upon  the  exudation  in  the  vitreous  cavity,  w^hich 
,d»  to  bhndnes»  and  subsequently  to  shriveling  of  the  eye.      But 
xudation  in  the  vitreous  i»  ju^t  the  tiling  that  we  cannot  see  directly, 
ut  can  only  infer,  and  we  infer  it  from  two  facts,  viz.:    (1)  Steadily 
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diminishing  function  of  the  retina — this,  because  the  latter  is  always 
implicated  when  there  is  exudation  in  the  vitreous.  In  this  case  on 
repeatedly  testing  the  light-perception  and  the  visual  field  we  shall 
find  both  suffering  greater  and  greater  impairment  until  finally  the  eye 
has  lost  all  perception  of  light.  (2)  The  gradually  increasing  softness 
of  the  eye,  due  to  the  shrinking  of  the  vitreous  exudate.  When,  there- 
fore, these  two  symptoms  have  made  their  appearance  the  time  for 
enucleation  has  arrived,  and  we  should  not  delay  too  long  about  it  either 
(not  more  than  two  or  three  weeks  fiy)m  the  date  of  the  injury),  since 
otherwise  we  might  be  caught  unawares  by  an  outbreak  of  sympathetic 
inflammation  in  the  other  eye. 

If  there  is  a  foreign  body  in  the  eye,  we  must  in  the  very  first  place 
endeavor  to  remove  it.  For  this  object  it  is  requisite  to  know,  at  least 
approximately,  the  situation  of  the  foreign  body  (except  in  the  case  of 
fragments  of  iron,  which  the  magnet  withdraws  even  from  an  unknown 
depth).  If  the  wound  is  still  gaping  and  is  large  enough,  we  can  pass  a 
well-disinfected  instrument  in  through  it,  and  endeavor  to  grasp  the  for- 
eign body.  If  the  wound  is  not  adapted  ifor  this  procedure,  either  because 
it  has  already  closed  up  or  because  it  presents  unfavorable  conditions  on 
account  of  its  size  or  position,  it  is  better  to  make  a  new  wound,  located 
in  the  cornea  or  the  sclera,  according  to  the  situation  of  the  foreign  body. 
In  placing  it  in  the  sclera,  the  region  of  the  ciliary  body  must  be  avoided; 
the  section  must  lie  behind  the  latter,  and  is  best  in  a  meridional  direction 
(i.  e.,  running  from  before  backward),  since  such  wounds  gape  the  least. 
Through  the  wound  we  enter  with  the  instruments  in  search  of  the  foreign 
body;  but  the  operation  of  grasping  and  extracting  it  is  often  attended 
with  great  difficulty,  and  very  frequently  miscarries.  The  best  prospect 
of  success  is  afforded  by  foreign  bodies  in  the  anterior  chamber,  since  we 
can  be  guided  by  sight  in  taking  them  out;  also  by  fragments  of  iron,  for 
whose  extraction  we  employ  an  electro-magnet. 

If  there  is  no  prospect  of  our  being  able  to  remove  the  foreign  body, 
we  may,  as  a  matter  of  experiment,  wait  a  while  to  see  if  possibly  it  will 
be  tolerated  by  the  eye  without  inflammation.  This  is  especially  apt 
to  be  the  case  when  a  foreign  body  is  imbedded  in  the  lens;  the  latter 
becomes  cloudy,  and  subsequently,  when  all  the  inflanmiatory  symptoms 
have  passed  off,  can  be  removed  by  a  cataract  operation  along  with  the 
foreign  body  contained  in  it.  As  soon  as  plastic  irido-cyclitis  has  set 
in,  it  is  advisable  not  to  make  any  more  attempts  at  removing  the  for- 
eign body;   absolutely  the  only  indication  in  this  case  is  enucleation. 

Injuries  of  the  eye  are  very  frequently  followed  by  extravasation  of  Hood  into  the 
interior  of  the  organ — ^into  the  anterior  chamber  and  the  vitreous  cavity.  Such  extrav- 
asations are  also  observed  apart  from  injury,  as  the  result  of  inflammation  or  even 
without  any  known  cause.  In  the  anterior  chamber ^  blood  sinks  to  the  bottom  and 
is  reabsorbed.  In  otherwise  healthy  eyes  small  quantities  of  blood  may  often  disap- 
pear completely  within  twenty-four  hours.     The  process  of  resorption  lasts  lonser 
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i«  inurh  blood  in  the  anterior  chamber;  and  especially  wlien  the  eye  is  dis- 
in  other  ways  as  wi'il  ami  ha^  not  normal  metabolism.     The  longer  the  blooil 
ins  in  the  anterior  chamber  the  darker  doo»  it«  color  become*    80,  in  eases  in 
I  a  hemorrhage  into  the  anterior  chamber  hn»  been  repeat i^l  after  the  lapse  of 
time^  we  see  a  hyphiema  wliich  is  composi^i  of   two  strata  of  difTcrent  color; 
ower  dark  stratum  represents   the  first    hemnrrhage,  the  upper  bright  one  be- 
to  the  reeently  extravasated   blood.     Very  old   extravasations  of  blood  aome- 
oequirc  a  brown   or  dirty-green   color,    and    the   corne-a,    too,  may  take  on  a 
fcT  coloration    (see  [»age  296).     In  the  iris  likewbe  a   greenish  or  brownish  did- 
ition  has  been  observed  ns  a  result  of  hemorrhage  into  the  aqueous  or^vitreous 
ber. 

If  the  blood  remains  a  long  time  in  the  anterior  chamber  it  may — especially  if 
is  a  coexistent  inflammation— serve  as  the  substratum  for  the  fonnation  of  new 
U     In  this  way  the  goewi  rejsiilt  of  operations,  such  as  iridecfomy  and  iridotomy, 

Sfor  the  re^^toralion  of  a  clear  pupil»  is  often  rendered  of  no  effect,  us  the  blood 
ktecl  during  the  operation  covers  up  the  opening  that   has  I  wen  made  and 
atly  causes  its  reocclusion  by  means  of  a  membrane, 
I Bloo< I  in  the  anterior  chumbiT  lying  in  the  pupil  often  remains  long  aft^er  blood 
e  iris  has  been  absorbt^l  (see  page  15).— D.l 

Blood  extravasated  into  the  ritrcom  is  found  there  under  the  form  of  ftoccuU 
rger  masses.  When  observed  with  the  ophthalmoscope  these  eitlier  look  simply 
or  show  a  faint  reddish  glejim.  If  they  occupy  the  anterior  section  of  the  vit- 
,  they  may  even  be  reeognize<l  witli  lateral  illumination  (|jrovide*l  I  he  pupil  is 
y  enough  dilated)  through  the  dark-red  reflex  emitted  from  the  depths  of  the 
BlcKxi  present  in  the  vitreous  always  requires  a  long  time  for  its  complete  resorp- 
and  if  much  blr>o«l  has  be*^n  extravasated  opacities  of  the  vitrc^ius  of  consider» 
iixe  always  remain  and  cause  great  impairment  of  vision.  |!n  rare  cases  almost 
iete  restoration  of  sight  occurs  even  when  the  whole  vitreous  has  been  filled  with 
^, — D,]  In  some  cases  of  traumatic  hemorrhages  into  the  vitreous  I  have  obsHTved 
some  time  alter  the  injury ^  the  coloring  matter  of  the  blocxl  all  at  once  became 
ived  in  the  ocular  fluids  and  then  was  immeciiately  dilTusetl  all  through  the  eye. 
kqueous  humor,  too,  in  such  cases  was  coloreil  rcnl^  so  that  the  iris  Iook<Hl  wi  though 
tbrou|j;h  ruby  glass. 

[Tb  abAorh  vitreous  hemorrhages  we  use  potassium  iodide,  subconjunctival  in- 
ins  of  «lit  (flee  page  63)  and  dionin  either  by  instillation  or  subconjunctival  in- 
m.— D.) 

1/  vitreou«  has  been  prolaj>sed  through  a  wound  it  gradually  becomes  clouded 
jver  it  lif^  outside  of  the  eye^  so  that  it  gets  to  look  like  a  ishred  oi  niuvns  ndher- 
D  the  region  of  the  wound.  It  takes  often  several  wet^ks  before  such  a  shred  is 
y  cikst  o(T,     (Such  a  shred  affords  a  ready  pathway  for  infection  lo  the  interior  of 

Other  consequences  of  eye  injuries,  especially  blows  on  the  eye,  are  dislocation  of 
tns,  rupture  of  the  chorioid,  and  concussion  and  detachment  of  the  rt^tina. — ^D.] 
Rapture  of  the  ticlcra  results  from  a  sutlden  com^jression  acting  on  the  eye  from 
rul  and  caused  by  the  imjiact  <*f  a  blunt  body  upon  the  eye.  The  blow  may  arrt 
^ly  upon  the  eye  itself  or  u  blunt  body — e.  g,,  the  lip  of  a  cow'^  horn — may  enter 
jen  the  eyeball  and  one  wall  of  the  orbit  and  squeeze  the  eye  againsl  the  oi>f>osit« 


We  flistinguii^h  between  direct  and  indirect  rtipture.  The  former  is  the  kind  that 
latra  at  the  point  of  impact  of  the  foreign  body  by  which  the  blow  is  infliett*d;  the 
',  that  which  uccursat  a  spot  n^mote  from  the  j>oint  of  in»pact.  In  indirect  ruptuix« 
nly  elhcirnt  factor  is  the  cornprt^ssion  of  the  eyeball,  so  that  tln^^e  ruptures  al- 
alwa^'H  have  the  same  typical  situation.  In  direct  ruptures,  there  is  added  to 
uropression  a  local  indentation  of  the  eyeball,  by  which  the  situation  of  the  rupture 
;ermtncMl.  This  situation,  therefore,  varies  greatly  and  is  often  not  in  the  sclera 
I  the:  oamea*    The  diret't  result  of  the  compression  is  that  the  contents  of  the  com- 
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pressed  eye  are  put  suddenly  in  a  condition  of  increased  tension  and  thus  cause  rupture 
of  the  capsule  of  the  eyeball.  The  rupture,  therefore,  takes  place,  like  an  explosion, 
from  within  outward,  and  begins  in  the  region  of  Schlemm's  canal,  because  here  the 
tough  inner  layers  of  the  sclera  pass  over  into  the  delicate  lamellse  of  the  ligamentum 
pectinatum,  and  thus  the  resistance  of  the  sclera  is  diminished  at  this  point  (Fig.  132). 


Fio.  132. — Course  op  a  Scleral.  Rupturk.    Magnified  22  X  1. 


C,  oomea:  S,  adenu  r,  end  of  Bowman's  membrane,  and  beginning  of  the  limbus  L.  /,  anterior 
end  of  the  longitudinal  nbera  of  the  ciliary  miificle,  which  paaa  over  into  the  lamells  of  the  ligamentum 
pectinatum.  I.  The  capsule  of  the  eyeball  is  let«  firm  at  the  comeo-<»cleral  margin,  first,  because  here 
a  larger  number  of  the  fibers  of  the  sclera  (those  namely  which  in  the  figure  are  seen  in  croes  section 
at  q)  take  a  circular  course;  second,  because  in  front  of  these  fibers  Schlemm's  canal,  «.  is  imbedded  in 
the  scleral  tissue,  which  consemiently  has  its  inner  layers  interrupted  at  this  spot.  From  SchlemmV 
canal  to  a  point  right  beneath  the  conjunctiva,  the  anterior  ciliary  veins,  v,  v,  run  continuously  through 
the  sclera.  Most  scleral  ruptures  follow  these  cavities  in  the  direction  ab,  so  that  the  external  orifice 
of  the  rupture  lies  some  millimetres  behind  the  limbus.     More  rarely  the  rupturee  of  the  sclera  pass 


Thcwe  small  ruptures  almost  always  afford  a  good  prognosis. 
Fio.  133. 


Fio.  134. 


¥iQ.  133. — Small  Scleral  Rupture  SrruATBo  in  the  Limbus.  Magnified  2X1.  The  iris  has 
prolapsed  through  the  rupture  and  hence  the  pupil  is  displaced  in  the  direction  of  the  latter.  Tht  iris 
at  the  opposite  side  is  broadened  and  hence  the  contraction  furrows  are  separated  frcnn  eaeh  other, 
as  compariHon  with  Fig.  134  shows. 

Fig.  134. — The  Same  Case  apter  Excision  op  the  Iris.  Magnified  2X1.  The  short  rupture 
which  is  situated  in  the  limbus  has  now  become  visible,  a  au  the  angles  of  the  cqphineter  whicÄi  are  now 
properly  placed. 

The  fact  that  most  scleral  ruptures  start  from  a  point  situated  upward  and  inward  is 
due  to  the  trochlea,  which  forms  a  bony  prominence  at  the  upper  and  inner  angle  of 
the  orbit  (Figs.  299  and  300,  T).  When  the  eyeball  is  forced  against  either  the  inner 
or  the  upper  wall  of  the  orbit  by  a  blow  coming  from  below  or  from  without,  the  trochlea 
presses  into  the  sclera  and  thus  causes  the  rupture  to  begin  in  this  meridian  (Müller). 


DISEASES  OF  THE  SCLERA. 


ptures  of  the  eclera  are  such  serious  injuries»  because  a  force  that  la  strong 
(h  to  break  an  eye  open  always  cause»  le^inns  ehsewhere,  in  the  mterior  of  the  eye. 
The  irifi  (Figs,  130  and  135,  6)  is  alnioöt  always  torn  away  from  its  insertion  at  a  point 
b  oofTeßpontling  to  the  extent  of  the  scleral  rupture  (indodiülysisjp  and  is  either  inear« 
K^OBTftted  tn  the  wound  or  is  extruded  through  the  latter  beneatli  the  conjunctiva,  to 
^Pifhieh  it  become»  adherent.  The  eye  then  presents«  a  eolobonia  over  an  area  iiJire- 
Bpouditig  to  the  rip  in  Üie  sclera.    The  portion  of  the  im  remaining  in  the  eye  is  commonly 


ISA. — Rifrftmi  Of  n»  Sci-kiu  amo  hnxjinos  or  tb»  Lsm«  Betisatii  tük  CoyntrHtmvA» 
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»^foijifh  An  eyeball  irliich  had  bcrn  injured  bjr  a  raU's  horn.     fSince  wv^n  wr«*ka 

'  »thctie  iDflaminAlion  of  the  eyp  f*t  m*  the  eye  *vä»  r'nurkulc'd.     The  rupture 

I  [ir  ui»[M-r  iiiiiram  u)    the  cornea,  not  quite  one  tiülliiut'irf  behind  the  comeo» 

nind  coatainJi  &  nKrrovr  rim  of  wlera.     Tlie  temr  in  the 

,  and  ia  filled  with  a  delicate  cicatriria]  tiasur,  a.  which 

'-f  the  eye,  p&aaiaK  b^elween  the  ciliary  body,  c.  and  the 

hg  tu  the  acterai  rupture  ia  toro  off  from  the  ciliary  btxiy  (iri- 

-I  in  Fig.  liKJ,     The  cibary  body,  c,  hkewine  grcuily  idteredi  ia 

I  ,_  .,  .  ^rv.    It  U  continued  into  the  chonoid«  cf,  which  prüaeDt;»  marked 

i^Lion  «ibouL  iLv  li^rK«  bktod-veMeh  (inflammation  of  the  kind  th»t  five'«  riae  to 

l<  ).     The  retina,  r,  in  detached  up  to  the  ora  aerrata.  and  «t  th«  latter  point  i*  torn 

.  .    1  purkcrt^.     Below  the  irleral  rupture  is  «een  the  cornea  in  section,  cofnpn*»ed  vet- 

tu  a  reftult  of  the  compre«ftion  purkerec!  on  itn  poaterior  surface.     At  the  lower  portion  of 

the  ciliary  br»dy  i«  «wollen,  «nJ  the  iris  in  carried  backward  i»o  as  to  be  in  part  applied  to 

.if  fh.   f  ifiurv  Im.Jv      The  detachment  of  the  cborioid.  rfu  and  of  ihe  retina,  fu  «^«'n  here  in 

'f,  but  is  a  rcAult  of  th«  way  «he  eperin>en  was  made.    The  »cleral  rupturo 

vhich  from  it*i  ooncenirir  striation  i»  recogniied  to  l>e  the  lena.     Tlte  eon- 

.  ...  is  detached  by  it  from  the  aclcra  a^  far  as  the  limbua.  g.     h,  remains  of 

wm  ««MUuAi  ( <  i  '  MUtft  marerin  of  the  cornea. 

foaod  to  U-  .  T.ii.-'f.ierably  retracted  (Fig.  IX"?,  lower  part).  The  anterior  cliamliex  is 
fOfiBequently  unusually  deep,  atid  particularly  so  if,  in  addition,  the  lens  and  a  \wH  of 
the  vitreous  have  been  expelled.  In  many  raees  a  pieee  of  the  iris,  or  even  the  entire 
irit,  is  torn  altogether  out  of  the  eye.  In  only  a  very  few  cmca  dtM?«  the  lens  remain  in 
position  and  in  pJaee.  rsually  it  is  either  expelled  entirely  from  the  eye,  or  it  remaina 
iyinig  beneath  the  conjunctiva,  provided  ilie  hitter  is  tmniptured  {Fig.  135»  /).  The 
▼itreouo  is  often  densely  perinealeri  with  blood;  and  larenititm  or  hemorrhagic  detach- 
ment of  the  retina  or  chorioid  iiiny  be  present.  Since  to  the  seventy  of  such  lesiona 
there  is  added  the  danger  of  sulisei|uen!  infeclion  of  the  wound,  it  can  be  readily  undi*r 
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fitood  that  most  eyee  which  have  suffered  a  rupture  of  the  sclera  undergo  destruction. 
It  is  an  exception,  in  fact,  for  such  an  injury  to  recover  with  the  retention  of  serviceable 
vision.  A  farmer  once  presented  himself  at  my  clinic  who  had  been  gored,  first  in  one 
«ye  and  then,  some  years  afterward,  in  the  other  also,  by  a  cow's  horn.  In  both  ey» 
there  was  a  healed  rupture  of  the  sclera  on  the  inner  side,  with  what  looked  like  a  well- 
made  coloboma  of  the  iris.  Both  lenses  were  absent,  but  the  fundus  was  healthy  and 
with  cat%ract  glasses  the  sight  was  very  good.  This  man,  therefore,  may  be  said  to 
have  had  a  double  extraction  performed  by  the  cow,  and  that,  too,  with  more  suoceas 
than  many  operators  are  accustomed  to  have  with  their  operations. 

For  rupture  of  the  cornea,  see  page  291. 

The  unfavorable  prognosis  which  perforating  wounds  of  the  sclera  generally  offer 
holds  good,  at  least  in  part,  even  for  those  cases  in  which,  to  begin  with,  thsre  is  a  smooth 
healing  of  the  wound.  Such  eyes,  which  often  recover  from  the  injury  with  the  restora- 
tion of.  good  sight,  nevertheless  not  rarely  become  blind  afterward  because  of  secondary 
changes,  which  are  the  consequences  of  the  cicatrix  in  the  sclera.  If  the  uvea  is  incor- 
porated in  the  scar,  this  may  give  rise  to  inflammation  or  increase  of  tension.  In 
scleral  wounds  which  lie  farther  back,  in  the  region  of  the  retina,  the  latter  may  become 
attached  to  the  cicatrix.  By  subsequent  contraction  of  the  cicatricial  tissue  the  retina 
is  drawn  more  and  more  into  the  cicatrix,  and  thus  is  loosened  from  its  bed;  the  eye 
grows  blind  from  detachment  of  the  retina  (Von  Graefe)*.  In  this  way,  too,  many  eyw 
are  destroyed  which  have  been  operated  upon  with  apparently  brilliant  success  by 
section  of  the  sclera,  as  for  the  extraction  of  a  foreign  body  or  of  a  Cysticercus.  A  further 
danger  accrues  to  the  eyes  from  the  fact  that  the  scleral  cicatrices  later  on  readily 
become  ectatic,  and  lead  to  the  formation  of  scleral  staphylomata  and  also  to  increase 
of  tension. 

The  prognosis  must  be  stated  as  almost  absolutely  unfavorable  when  &  foreign 
body  has  been  left  in  the  eye.  A  series  of  cases,  |j  be  sure,  b  known  in  which  a  foreign 
body  has  been  carried  about  in  the  eye  for  years  without  causing  injury.  But,  in  com- 
parison with  the  extreme  frequency  of  such  injuries,  the  number  of  these  cases  is 
infinitesimally  small;  and  even  in  these  cases  the  safety  of  the  eye  is  by  no  means  to 
be  considered  as  permanently  assured.  As  an  example,  the  following  case  that  I  observed 
may  be  adduced :  A  young  lady  of  twenty-flve  years  of  age  was  injiued  by  the  percussion 
cap  of  a  child's  gun  exploding  near  her  eye.  A  piece  of  the  copper  case  of  the  cap 
penetrated  into  the  left  eye  through  the  cornea;  it  could  be  seen  lying  upon  the  lower- 
most part  of  the  iris.  The  immediate  consequence  of  the  injury  was  an  iritis,  which, 
however,  after  some  weeks  got  well,  leaving  several  synechise.  From  that  time  on  the 
eye  remained  free  from  inflammation  and  had  goo<^  visual  power.  The  piece  of  metal, 
which  had  a  length  of  about  1  mm.,  could  always  be  seen  lying  upon  the  iris,  only 
it  gradually  assumed  a  black  color.  It  was  not  until  ten  years  after  the  injury  tlui 
the  sight  began  to  diminish,  and  the  patient  was  tormented  by  photx>peia;  she  also 
complained  that  objects  directly  looked  at  seemed  to  move  and  looked  bent,  so 
that  straight  lines,  for  example,  appeared  wavy  to  her.  The  eye  was  still  free  from 
inflammation,  but,  after  rather  prolonged  examination,  showed  a  sh'ght  ciliary  injection. 
Examination  with  the  ophthalmoscope  could  not  demonstrate  any  changes  except 
that  the  fundus  in  its  lower  half  was  not  as  beautifully  red  as  it  was  above,  but  was  of 
a  light  grayish  color.  It  was  hence  taken  for  granted  that  here  was  a  detachment  of 
the  retina  in  its  very  earliest  stage.  The  traction  thus  produced  upon  the  retina  ac- 
counted for  the  photopsia,  and  the  undulatory  movement  of  the  retina  accounted  for 
the  apparent  movement  of  objects,  while  the  curved  appearance  of  straight  lines  was 
referable  to  the  differences  of  level  existing  in  the  detached  retina  [retinal  metamor- 
phopsia — see  page  114.]  Conjecturally  the  retinal  detachment  was  produced  by  an  old 
exudate  which  lay  upon  the  ciliary  body  and  the  most  anterior  portion  of  the  retina, 
and  which  by  its  gradual  shrinking  drew  the  retina  farther  and  farther  forward.  Since 
then  I  have  not  had  an  opportunity  of  seeing  the  patient  again,  but  the  subsequent 
course  of  the  case  may  be  predicted  with  great  probability.  The  retinal  detachment 
will  Iiave  become  total;  afterward  probably  an  irido-cyclitis  will  have  developed  out 
of  the  condition  of  ciliary  irritation  of  the  eye,  so  that  after  some  time  the  eye  would 
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oomplt^teiy  blind,  would  (frow  Boft«r,  and  would  be  th«  site  of  frequently  recurnng 

of  püin  and  inHainimitiou. 

haa  diM^^miint'd,  liy  a  series  of  ex[>erimßnt8  upon  animals,  the  re^ison  why 
of  A  foreign  Inxiy  in  the  eye  re^rularly  results  in  a  severe  inflammation.  This 
motion  i»  cither  exritcd  by  the  presence  of  micro-organisms  which  make  their 
:ito  the  interior  of  the  eye  from  thc^  conjunctival  sac,  along  with  the  foreign 
:>r  fiiili9«|Uenlly,  or  it  10  the  eoiiseciuonce  of  a  chemical  irritation  of  th^  tiei^iuei^ 
mm!  by  those  foreign  lx>dies  which  are  not  chemically  indifTerent ,  For  example» 
lit  inflftnmiatton  could  be  produced  by  luts  of  copper,  and  still  more  by  particles 
viuy,  which  were  introduced  aseptically  info  {he  anterior  chamtjer.  Hence,  such 
mation  dom  not  iiccessarily  preeuppone  the  entrance  of  schizomycete«  into  the 
Oba^rv&tionfi  upon  man  agree  in  general  with  the  facts  obtained  by  experiment. 
a  body  which  jx^net rates  into  tiie  eye  is  well  Imme  by  it  c»r  not  depends  u\yon 
king  circunL^^lances:  1.  First  of  all,  UfKin  llie  fart  of  its  Ijcing  Uifcptir  or  not. 
fragTTients  of  metal  are  commonly  Jiseptic,  if  they  fly  off  when  the  ntetal  i«  being 
»ercd  or  tiimed,  l>ecauae  they  are  then  strongly  fie^ttKi  ami  ihu»  Hterihjted.  Large 
Sragrnents  are  usually  not  heat<Kl  to  the  point  at  whirl  1  they  Iwrcomc  perfectly 
^  and  hem-e  give  a  bad  prognosis  even  if  they  are  remove*!  very  «oon  from  the 
I'pon  its  chemital  ctiaracter.  Chemically  indifferent  bcjdies  (siuch  jm,  for  instant*© 
ent«  of  glass),  if  they  get  "into  the  eye  iksepticalJy,  are  the  ones  n:iObl  likely  to  re- 
there  without  pn[»ducing  any  further  ill  effect.  The  cx>nträry  is  true  of  the  foreign 
I  tliat  ore  of  most  fn^tpient  occurrence— i.  e,,  chipti  of  metal.  These»  almost  always 
a  Hovere  tnflanunation,  even  when  they  are  sterile,  because  they  gradually  dissolve 

tissit^t  of  the  eye  and  be*'ome  oxidizetl  there,  so  as  to  »ct  as  chemical  irritants. 
\s  the  case  with  iron,  and  still  more  with  coppt*r;  metuLi  which,  hke  leatl  and  the 
Tm*tiUs,  are  inniHrent  in  this  regard,  are  of  comparatively  rare  occurrcnL-t'  in  the 
3.  llie  t4)tentnre  of  the  sej>arato^s.sue«  of  the  eye  toward  foreign  IxKÜes  varies, 
ve»,  and  esptn'ially  the  iris  and  ciliary  Lmdy,  exhibit  the  greatest  irsaction  to  injury 
r  kind.  Ihe  len»,  on  the  contrary,  pt^isaibly  on  account  of  the  .sluggishness  of  its 
melamorpliosis,  is  the  ymrt  of  (he  eye  in  which  foreign  Uwhes  are  relatively  the 
Kime.  If,  for  exanjple,  a  j^mall  chip  of  ir<in  has  Ix^come  imbedded  in  the  lens, 
tier,  to  be  sure,  becomes  cloudcül,  but  inflammation  ordinarily  fails  to  take  place. 
*li  a  case  sometimes  the  lens  is  afterward  coloretl  brown  l»y  the  t»xide  which  Is 
d.  A  deep  brown  coloration  is  produeetl,  mainly  under  the  guise  of  rast-colored 
rhjch  lie  beneath  the  anterior  cajisuhi  of  the  lens,  and  form  a  crown,  corresponding 
f  m  situation  to  the  margin  of  the  pupil  when  dilated  (Samelsohn).  Later  the 
lion  may  extend  to  the  iris,  whieh,  if  pn»virnLsly  gniy  or  Wue,  assumes  a  rusty 
I  hue.  Tili«  impregnation  with  iron  also  oecurs  in  the  other  tissue«  of  the  eye, 
ulaHy  in  tlie  retina,  which  may  in  t^nse«|uence  become  atrophic,  so  that  blindness 
ultinuitely  ensue  even  when  the  fragment  is  tolerateil  withotit  inflammation 
el,  Jr.).  The  impregnation  of  the  tissues  with  iron  is  called  MeroH»  bulbi  (from 
r,  iron). 

mall  fragments  of  iron  may  in  time  l^e  entirely  dissolved  by  oxidation, 
brforat trig  injuries  of  the  eye  are  very  fretpicnt  in  the  working  class,  and  furnish 
I?  eontingent  of  tlie  blind.  This  is  particularly  the  case  in  regions  where  many 
neu  are  carried  on.  The  following  report  of  Cohn  gives  a  goinl  idea  of  the  fre- 
y  of  the  injuries  to  winch  tlie  eyes  of  many  workmen  are  exposeii:  Among  twelve 
inI  and  eighty-three  workers  in  metals  employed  in  six  fact^ri*^,  each  man  re- 
l  on  an  average  frr»m  two  to  three  eye  injuries  in  a  yeflr.  Of  course,  the  great 
ity  of  thc«e  injuries  were  of  a  shght  diaraeler;    mo«t,  indeed,  coiuiisted  merely 

«potmtion  of  small  met  all  ie  part  ides  into  the  surface  of  the  cornea,  which  were, 
lift  part,  r*imoved  at  \  he  fact<iry  itself.  Alnjut  half  of  the  workmen  u-ere  conv- 
neck  medical  aid;  and  out  of  every  thousand  28  suflfered  a  partial  itnpairment 
It,  and  Iti  had  lost  (»ne  eye  altogether.  For  yirotet^tive  spectacles  lustnl  to  prevent 
njurii^l  see  page  52. 

*he  attempt  to  rrm/>ry  the  foreign  body  which  has  penetrated  into  the  eye  is  often 
prith  great  ditficultie«,  and  ^'erv  frequently  is  tiDSUCCC«sfuh    No  fixed  rules  can  bo 
22 
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on  of  foreign  bodie«  in  the  eye  by  means  of  the  X-rays  has  reached 
uracy,  thanks  to  the  instminentH  devised  by  Sweet  (Fig»  136),  Maiv 
dsott«  Dixofif  and  othera.   In  these  instruments  a  marker  or  pair  of  markers 
i  the  eye  is  used«    8kia^ams  of  the  eye  are  taken  from  two  different  posi- 
fering  relatiofifl  existing  on  the  two  platea  between  the  shadow  of  the 
[id  of  the  markers  (sec  Fig.  137)  determine  the  actual  position  of  the 

the  eye.  This  position 
»ited  on  a  diagram. — ^^D-1 
iHfes  produced  by  chips  of  iron 
\»  employed»  Forms  of  appa- 
heen  constructed  to  determine 
whether  a  piece  of  iron 
*  eye  at  all.  In  these  the 
{brought  as  close  as  potft^ible 
ive  magnetic  needle  (astatic 
Gerard,  sideroscofira  of 
rh  undergoes  deflection  if  there 
preisen t  in  the  eye.  By 
what  point  of  the  surface 
lii»  deflection  is  the  greatest, 
rmtne  approximately  the  situa- 
|It  is  a  positive  proof  of 
iron  in  the  eye  if  the  appli- 
et,  eH|K'€iaily  the  Urge 
ftuses  bulging  of  the  iris 
Plbfience  of  this  sign  is  no 
\  is  not  present. — D.] 

frequently  the  magnet 
r  removing  the  foreign  body* 
of  a  chip  of  iron  from  the 
of  a  bar  magnet  intro- 
an  incision  on  the  sclera 
oed  by  MacKeown  (IS74). 
ucted  the  first  available 
[which  is  the  form  now  corn- 
About  a  rod  of  soft  iron 
al  coil  of  copF>er  w\re\  not 
Iwo  end?  of  which  arr  eon- 
y powerful  galvanic  element. 
De  iron  nxi,  which  prtijeet 
nd  the  spiral,  are  a  little 
1  a  blunt  point,  adapts  for 
I  into  the  interior  of  thf»  eye.  Foff  this  latter  puq^ose  we  enter  either 
I  wound  it.-it^lf,  in  case  tliis  is  large  enough  and  is  still  open,  or  we  make 
in  a  i^uitublc  situation  in  the  oomet»  or  sclera,  accor<lini?  to  the  location  of 

body.     Recently  very  |Ktv    '»'"■'     ' --  -     rnets   have   been  u.se<l  (Haab^ 

Jumit.schek-KliDgelfuiivs).  i»duci>r|  into  the  eye,  but  »re 

iietl  i4)  it  exteriorly,  aa  they  ;x.^  .um-     .*  n.  i.v.  i  evi-n  small  fragments  of  iron 
tie  distance  from  them.     It  is  not  often  that  the  point  of  entry  of  the  iron 


lf-»l 


-5 


\Flo.  138. — HtMi  It  Cjiant  M\-jnkt,- 
(After  Xorri-i  iind  Oliver.) 


■D.l 


Oper  place  to  apply  the  nn^ — 
fojeraily.  it  ia  tieiter  to  pi 
BO  a«  tx>  bring  the  fragment  . .  ^ 
it  may  then  be  remove«!  by  an 
( the  following  advantages  a> 


ewr,  prefer  «veo  with  thm  ftmtii  fxi«cx>H  te»  mrnkm  «o  incigion  in  the  t<tier»iil 
ft  of  tb*  torvlKit  body«  [»ntvkoualir  «WM>naia»d  by  nuiioiieopy.  —  D.j 


■rrii*r  to  e.xtrart  the  fragment  (torn 

the  magnet  against  the  center  of 

"''  and  into  tlie  anterior  chmnbcri 

it  the  margin  of  the  coniea»^ 

Euagnets:  (1)  It  is  not  neoof- 
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aary  to  make  a  wound  in  the  sclera;  (2)  the  situation  of  the  fragment  need  not  be 
known  precisely;  (3)  even  very  small  fragments  can  be  removed  in  this  way. 

[Many  eyes  after  a  magnet  operation  retain  sight  permanently  or  for  a  long  time. 
The  translator  has  seen  a  case  in  which,  except  for  a  traumatic  cataract,  the  eye  was 
normal  26  years  after  the  extraction  of  a  piece  of  iron  frcm  the  retina.  In  other  cases, 
the  sight  is  soon  destroyed  by  detachment  of  the  retina,  irido-cyclitis,  or  panophthal- 
mitis.— D.] 

CJoMPENSATioN  FOR  INJURIES. — When  the  sight  is  permanently  impaired  as  the 
result  of  an  injury  the  injured  man  suffers  an  impairment  of  his  earning  capacities. 
First  in  Germany  afterward  in  Austria,  a  compensation  was  fixed  for  such  cases  by  the 
laws  regulating  accident  insurance  whenever  the  injury  has  happened  in  an  industry 
in  which  insurance  is  obligatory.  In  order  to  determine  the  amount  of  indemnity  the 
opinion  of  an  expert  physician  is  required.  Such  a  physician  has  to  decide:  1.  wli^ther 
the  disabilities  alleged  to  exist  by  the  injured  man  are  actually  present  or  not,  and  which 
of  them  are  to  be  ascribed  to  the  accident.  2.  What  impairment  in  earning  power  the 
person  in  question  has  suffered  in  consequence  of  them. 

To  decide  the  first  point  we  must  first  determine  by  precise  examination  all  the 
changes  that  are  objectively  perceptible,  and  then  examine  the  function  of  the  eye  by 
the  visual  tests.  If  objective  changes  can  be  proved  to  exist,  it  is  then  to  be  determined 
which  of  them  were  produced  by  the  alleged  injury.  With  regard  to  this  it  must  be 
remarked  that  the  law  awards  compensation  only  for  accidents  that  occur  in  the  pureuit 
of  an  industry  but  not  for  injuries  that  are  gradually  produced  by  the  indiistry,  i.  e., 
for  what  are  called  occupation  diseases.  For  example,  if  a  workman  who  is  engaged  in 
vulcanizing  rubber  gradually  in  the  course  of  several  months  acquires  an  amblyopia 
through  the  inhalation  of  carbon  disulphide  (see  §  104)  there  is  no  obligation  to  com- 
pensate him  for  the  inability  to  work  thus  produced,  although  in  such  cases  the  law  is 
often  liberally  interpreted. 

The  decision  as  to  which  of  the  clianges  that  are  found  depend  on  the  accident,  is 
easy  if  one  sees  the  injured  man  soon  after  the  accident;  if  for  instance,  the  physician 
who  has  to  give  the  opinion  is  the  same  as  the  one  who  treated  the  injured  man  right 
after  the  accident.    But  very  frequently  the  physician  has  to  give  an  opinion  on  a  case 
which  he  sees  for  the  first  time  months  after  the  injury.    Then  he  must  ask  himself 
whether  the  changes  present  did  not  exist  before  the  accident  or,  in  case  they  followed 
it,  whether  they  were  not  perhaps  produced  by  disease  which  may  have  chanced  to 
set  in  soon  after  the  accident,  but  was  independent  of  it.    The  history  is  often  of  no 
service;   on  the  one  hand,  we  must  be  prepared  for  statements  which  are  intentionally 
wrong;  on  the  other  hand,  the  patients  often  act  in  good  faith  when  they  erroneously 
refer  their  eye  disease  to  a  preceding  injury.     Thus  the  entrance  of  dust  into  the 
eyes  is  alleged  as  a  cause  of  the  most  various  eye  diseases,  even  when  the  changes  a^re 
old  but  had  not  been  noticed  by  the  patient  until  the  occasion  of  his  getting  the  dust 
in.     The  patient  rubs  his  eye  when  the  dust  enters  it  and  then  discovers  that  when 
he  closes  one  eye  he  sees  little  or  nothing  with  the  other.     This,  he  thinks,  has  just 
occurred  at  the  time  and  hence  he  regards  it  as  the  direct  result  of  the  slight  accident. 
Once  a  young  girl  came  to  my  clinic  on  account  of  some  external  affection  of  the  eyes. 
The  eyes  were  examined  with  the  ophthalmoscope  and  in  one  of  them  was  discov- 
ered an  extensive  old  chorioiditis.     When  the  tests  of  vision,  which  were  thereupon 
made,  showed  that  this  eye  was  almost  blind,  the  girl  could  not  be  dissuaded  from 
believing  that  the  blindness  had  developed  as  the  result  of  the  examination  with  the 
ophthalmoscope. 

It  may  also  happen,  on  the  contrary,  that  the  disease  has  been  produced  by  an 
accident  although  the  patient  has  no  information  to  impart  with  regard  to  it.  This 
happens  especially  in  industries  in  which  dust  or  small  foreign  bodies  fly  into  the  woric- 
men's  eyes  so  often  that  they  no  longer  take  any  account  of  them.  But  the  conse- 
quence  of  such  an  inconsiderable  injury  may  be  an  ulcer;  or  a  traimiatic  cataract  may 
develop  long  after  a  small  metallic  particle  has  penetrated  into  the  eye,  and  that  with- 
out any  notice  having  been  taken  of  it. 

In  some  cases  it  is  advantageous  to  take  the  statements  of  the  fellow  workmen. 
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fftiiril,  thi»n,  to  the  unreliability  of  the  history  we  havr  IpH  to  us  th^ 
^ ßndinifH,  frcitn  which  we  ronrliidr,  hrst,  wht^thrr  the  ?hanRt»«  present  are  of  such 
that  they  could  be  fmxlueetl  by  an  injury  at  all,  and,  se(M>fi(l,  w4iether  the  allegeil 
I  was  ju^t  the  Hort  tif  one  that  would  be  apt  \o  produce  surh  cJianRit^,  Srars  in 
ll<*a  produced  by  incised  wounds  l(x>k  different  from  tho«e  eaui<ed  by  ult'era;  the 
of  a  c^mliision  of  the  eye  (rupture  of  tlie  KchTa,  iridodialy,sis,  luxation  of  the 

r*),  again,  are  different  from  those  of  inri>*e«l  or  puncti»re<l  wriuiid'?.  Howev^er» 
to  be  forgotten  that  the  ju'eideiit  tnay  also  entail  indirect  eoumMiueneas  which 
^  objective  changes  quite  different  from  those  producetl  from  the  injury  it«elf,  as 
lince,when  an  ulcus  seri>eriö  develops  in  ronsc-quenee  of  an  ercxsion  of  the  cornea. 
"we  find  change«  whieti  may  have  develr>|>etl  either  a«  the  ret^ult  of  injury  or 
fteoiiÄly,  we  shall  still  in  most  cartes  be  able  to  judge  about  how  long  these  ehangee 
iciftted,  and  from  this  decide  whether  they  are  to  l>e  Imiught  into  relation  with 
ident^  which  has  occurred  at  a  determinate  time  in  tho  past.  Thurt»  old  scars  of 
■Blook  different  from  recent  one«;  if  an  eye  lias  Ijeen  affected  with  diminulion 
Hw  |M»wcr  for  quite  a  long  while  it  g^nierally  wpiint-s,  etc. 
jKn  not  otdy  careful  examination  but  also  great  exjx-rience  is  required  in  order 
[e  »ccuTately  regarding  changes  when  they  are  rather  old,  and  thiü  i«  still  more 
El  we  are  dealing  with  those  vn»t*A  in  which  fw  ohjtrH re  r hangen  aun  lie  discovered 
The^e  casei»  are  divided  into  two  groups.  To  the  iirKt  group  l>elong  those  cases 
;}i  anatomical  changes  are  actually  pres<ent  but  escape  detet*tic>n.  Such  changes 
I  ifO  minute  tlmi  they  are  not  demonstrable  witli  our  present  appliances,  for 
t  in  the  ca&e  of  an  ajiddyopia  pr^xluced  l»y  a  lesion  of  the  ff»ve.a  centralis  due 
iling  from  strong  light  or  produced  by  a  small  hemorriiage  wliich  huvs  already 

I  abs«r»rbed.  Or,  t he  changes  may  lie  l>ehitid  t he*  eye,  for  example  in  the  optic 
Is  the  nviult  of  fracture  ot  ihe  base  of  the  skull.     Careful  exannnation  of  the 

II  »nd  prulonged  observation  of  the  case  will  often  sufftce  to  clear  the  matter 
Dt  the  real  test  of  an  exjx^rt  are  those  cases  in  which  it  i«  a  «pjestion  of  purely 
pal  dustyrtler».  Such  are  the  cases  in  which  the  functii>n  of  the  eyes  is  affected 
[by  shock,  or  the  psychic  commotion  that  accompanies  the  injury.  Tliese  cwim 
&(wn  by  the  name  of  traumatic  neurosis,  and,  so  far  as  their  essential  nature 
bmed,  Ijelon^  to  h>"steria;  hence  the  disturbaiires  of  sight  that  are  present  mujst 
Bielerized  as  hysterical  amblyopia  and  hysterical  asthenopia,  produced  by  an 
,  The  symploms  of  these  conditions  are  described  in  §  105.  if  we  find  them  in  a 
ftti  who  ha«  Ijoen  injured  only  a  little  while  and  has  not  yet  had  any  medical 
intion  of  his  eyes,  we  shall  be  a!ile  to  make  t  he  altove  diagnosis.  But  it  is  otherwise 
re  have  to  do  w^ith  patients,  especially  those  who  have  lieen  thmugh  a  railroad 
It,  who  make  claims  fur  l>ig  danuigey  and  have  already  Vicen  examined  a  numlier 
m,  particularly  so  if  they  Ijelong  to  the  cultivated  classes,  Then  there  is  the 
Jtlmt  thesjinptoms  have  lieen  suggesttHl  to  the  pjiticnts  by  the  re(>eated  examina- 
t  llmt  they  l>eeome  more  and  more  conversant  with  the  s^^nptoms,  alxmt  which 
ive  lioen  questioned,  and  tlien  intentionally  simulate  them.  »Since  in  default  of 
re  finding  we  are  altogetiier  defjendeiit  on  the  patient's  statements»  it  is  in  many 
böolutely  invpossil»lc  to  detect  a  clever  simidani.  Cases  of  this  sort  are  constantly 
llating  and  require  the  greatest  precaution. 

le  eoeond  thing  that  the  expert  ha«  to  do  is  to  answer  the  question  as  to  what 
the  earnifig  pon^^r  of  the  injured  man  has  l>een  affected.  For  this  piu-pose  the 
n  of  both  eye«  must  l>e  carefully  determined  by  visual  tests.  In  doing  this  wo 
ave  in  mind  the  possibility  of  exaggeration.  With  some  experience  it  is  not 
i  to  estimate  the  degree  of  visual  disturbance  that  ought  to  correspond  to  the 
ire  changes. 

Hh  eyes  may  have  been  injured  by  the  accident,  or  in  case  only  one  was  affected 
the  other  may  have  been  already  bad.  In  both  ca»es  the  total  visual  power  is 
ihcd,  and  it  will  be  easy  to  determine  for  what  kind  of  work  the  visual  power 
left  should  still  about  suffice.  Much  more  difficult  is  it  to  gauge  the  working 
y  w*hen  one  eye  has  lieen  rendered  blind  but  the  other  is  nornml.  Then  the 
kual  power  is  also  normal,  but  the  special  advantages  that  Ijclong  to  binocular 
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vision,  namely  the  binocular  field  of  vision,  and  binocular  perception  of  depth,  are  lost. 
The  monocular  field  of  vision  is  smaller  than  the  binocular  because  it  does  not  extend 
so  far  toward  the  side  of  the  blind  eye  (see  Fig.  272).  But  this  will  be  found  to  be 
troublesome  in  only  a  few  callings,  and  especially  so  since  the  patient  by  turning  the 
head  to  the  blind  side  and  by  abduction  of  the  seeing  eye  soon  learns  how  to  get  rid  of 
the  limitation  in  the  visual  field  produced  by  the  nose.  Of  more  importance  is  the  loss 
of  binocular  vision.  A  slight  diminution  in  the  visual  acuity  of  one  eye  does  not  inter- 
,  fere  with  binocular  vision,  but  a  great  one  takes  it  away  altogether.  Where  we  are  to 
draw  the  line  here  is  a  matter  that  varies  greatly  in  individual  cases,  being  dependent 
not  only  on  the  degree  of  visual  acuity,  but  also  on  many  other  factors,  such  as  the 
visual  field  and  refraction  of  the  worse  eye,  the  relations  of  the  eye  muscles,  etc.  A 
frequent  case  is  that  in  which  a  traumatic  cataract  has  been  produced  as  the  result 
of  an  injury  and  has  later  been  successfully  operated  upon.  The  visual  acuity  of  this 
eye  may  then  be  rendered  normal  once  more  by  a  glass  correcting  the  aphakia. 
Nevertheless  the  eye  is  not  adapted  for  binocular  vision:  without  the  correcting  glass 
it  sees  too  little,  and,  if  the  other  eye  has  normal  sight,  the  correcting  glass  is  not 
borne  (see  §  150).  In  such  a  case,  therefore,  binocular  vision  is  abolished,  in  spit« 
of  there  being  a  normal  absolute  visual  power  in  both  eyes.  The  same  thing  can 
occur  when  the  injury  in  one  eye  is  but  slight,  and  yet  latent  disturbances  of  equi- 
librium of  the  eye  muscles  were  previously  present.  These  latent  disturbances  now 
become  manifest  i.  e.,  are  transformed  into  a  squint,  and  by  this  binocular  vision  is 
abolished  (see  §  126). 

If  we  have  determined  that  as  the  result  of  the  consequence  of  the  injury  binocular 
vision  has  become  impossible  We  must  further  try  to  find  out  to  what  extent  the  injured 
man  is  prevented  by  this  from  doing  his  work.  Binocular  vision  enables  us  to  estimate 
dimensions  of  depth  directly  and  with  precision  (stereoscopic  vision).  Such  vision  can 
be  dispensed  with  in  many  callings,  and  that  too  not  only  in  coarse  sorts  of  work,  such 
as  labor  in  the  fields,  but  also  in  fine  work  like  writing;  even  the  watchmaker  who  does 
the  most  minute  work  with  a  magnifying  glass  does  not  require  binocular  vision.  But 
many  other  kinds  of  work  do  require  a  precise  and  certain  appreciation  of  distances, 
and  even  such  an  ordinary  thing  as  splitting  wood  would  be  extremely  dangerous  to 
the  fingers  of  the  workman  if  he  did  not  have  a  correct  judgment  of  dimensions  of 
depth.  By  practice  to  be  sure,  one  can  learn  to  estimate  distances  correctly  with  one 
eye  alone,  and  in  fact  there  are  persons,  who,  because  of  imilateral  blindness  or  because 
of  squint,  have  had  nothing  but  monocular  vision  since  youth,  and  who  yet  are  as  ser- 
viceable workmen  as  those  who  have  normal  sight.  They  suffer  an  impairment  in  their 
working  capacity  only  in  this  regard,  that  being  one-eyed  they  do  not  secure  work  as 
readily,  many  employers,  in  fact,  rejecting  one-eyed  persons  as  a  matter  of  princii^e. 
But  an  older  workman,  if  he  loses  an  eye,  frequently  becomes  imserviceable  for  his 
former  work  because  of  this  loss.  Hence  when  one  eye  is  lost  and  the  second  eye  is 
normal,  the  working  capacity  wiU  vary  very  greatly;  more  so  than  the  compensation, 
which  is  awarded  in  the  individual  cases  and  which  ranges  within  comparatively 
narrow  limits. 

The  degree  of  impairment  of  earning  capacity  is  stated  in  percentages  by  the  phy- 
sician who  is  giving  his  opinion.  In  Germany  in  case  of  the  entire  loss  of  one  eye  the 
minimum  estimate  of  this  impairment  Cor  the  ordinary  workman  is  25  per  cent.  At 
the  same  time  it  is  not  required  that  the  other  eye  should  have  normal  sight,  but  it 
must  not  be  below  one-half  the  normal.  In  Austria  for  the  ordinary  workman  the  loss 
of  one  eye  is  put  as  equivalent  to  an  impairment  of  25  per  cent  as  a  minimum,  in  case 
the  other  eye  has  normal  sight,  but  even  a  small  diminution  in  the  visual  acuity  of 
this  latter  eye  raises  the  percentage.  For  a  skilled  ("qualified")  workman  the  impair- 
ment produced  by  loss  of  one  eye  is  estimated  in  Grermany  and  Austria  at  a  higher 
figure,  for  instance  at  33^  per  cent.  The  same  rule  is  applied  in  those  cases  also  in 
which  even  when  the  sight  is  normal  there  is  paralysis  with  double  vision,  so  that  the 
paralyzed  eye  has  not  been  rendered  blind  but  has  simply  been  prevented  from  doing 
its  part  in  binocular  vision.  Since  many  workmen  whose  binocular  vision  has  been 
impaired  regain  by  practice  after  some  time  their  former  ability  to  work,  it  is  proper 
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mteU  tm/§^  to  allow  a«  the  beginning  a  fairly  high  accident  intleinnity^ndeinnity 
for  ÜIC  pertod  during  which  he  m  forming  hm  new  habits — which  aftiT  one  or  two  years 
licitl,     ir  both  eyes  have  btvn  enfeebled  the  amount  of  impairment  must  be  esti- 
l  from  the*  viaual  power  of  tfic  better  eye,  the  nature* of  the  work  being  alao  taken 
Inlo'^finnAiderat  ion . 

III.    ECTASLE    OF   THE    ScLERA. 


« 


(a)  Part  ml  Ectasia, 

56,  Partial  ectasia  of  the  st*lera  i?>  repre>*etited  by  a  circumscribed 
trusion  taking  the  form  of  a  dark  prominence  or  swelling.  The  sclera 
at  this  spot  is  thinned,  bo  hh  to  be  readily  dimpled  with  the  point  of 
a  sound;  in  consequence  of  the  thinning,  the  chorioida!  pigment  ap- 
pears thniugh  it^  and  imparts  to  the  ectasia  a  dark,  slate-gray,  or  bluish- 
black  color.  By  means  of  focal  illumination,  light  can  often  be  made 
to  pasB  through  the  sclera  at  the  ectatic  spot,  and  the  coating  of  pig- 
nieiit  on  itis  inner  surface  can  be  seen  through  it.  According  to  the 
mtuiition  of  the  ectasia,  vaoous  forms  of  it  are  distinguished — namely: 

1.  Anlerior  Ketasnv  (anterior  scleral  f^taphylomata). — These  occupy 
the  f>ortion  of  the  sclera  adjoining  the  cornea  (Figs.  139  and  1 40).  They 
appear  in  the  beginning  under  the  form  of  smalL  dark  spots,  which 
afterward  become  larger  and  bulge  out.  When  several  lie  close  together 
they  l>ecom€  confluent,  forming  a  large  swelling  which  surrounds  the 
cornea  like  an  arch  or  ring.  This  swelling  at  various  points  is  constricted 
in  H  radial  direction  by  the  stronger,  less  distended  fibers  of  the  sclera, 

that  in  a  small  way  it  resembles  the  large  intestine  with  it:^  sacculations. 
e  liinbus,  under  the  form  of  a  somewhat  depressed  gray  line,  marks 
the  boundary  between  the  ectasia  and  the  cornea.  When  the  latter  is 
lo  opaque  and  ectatic,  the  sharp  line  of  demarcation  between  scleral 
d  corneal  cctasis  is  often  lost,  and  both  ectasia*  unite  to  form  a  single 
protuberance  occupying  the  anterior  segment  of  the  eyeball.  It  often 
happens  that  an  anterior  scleral  staphyloma  exists,  or,  at  all  events, 
baa  its  chief  development,  on  one  side  only.  Then  the  base  of  the  cornea 
this  side  is  pushed  forward,  so  that  the  entire  cornea  gets  to  lie  ob- 
uely.  If,  for  instance,  the  sclera!  staphyloma  occurs  on  the  inner 
side,  the  cornea  looks  outward  instead  of  straight  forward  (Fig.  140,  h), 

2.  Equatorial  Ectasiiv  (equatorial  staphylo mata). — These  are  dark 
prominences  in  the  region  of  the  equator  of  the  eyeball.  They  can  be 
seen  only  when  the  eyeball  is  turned  strongly  toward  the  side  opposite 
the  staphyloma.  They  occur  at  either  one  or  more  spots  upon  the 
equator,  but  never  surround  the  entire  eyeball  like  a  ring,  as  is  fre- 
quently the  case  with  anterior  scleral  staphylomata. 

3.  Posterior  Edamce.— These  occupy  the  posterior  segment  of  the 
eyeball,  and  can  not,  therefore,  be  seen  in  the  living  eye.  In  respect 
to  origin  and  significance,  they  are  essentially  distinct  from  anterior  and 
equatorial  staphylomata  of  the  sclera.  There  are  two  kinds  of  posterior 
aclend  ectasisp:  a.  The  staphijloma  posticttm  ScarpcE.     This  consists  in 
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a  thinning  and  protrusion  of  the  sclera  at  the  posterior  pole  of  the  eye 
to  the  outer  side  of  the  optic-nerve  entrance.  If  the  ectasia  takes  on 
greater  dimensions,  the*  optic  nerve  is  also  involved  in  it  (Fig.  375). 
This  form  of  ectasia,  as  Arlt  was  the  first  to  discover,  is  the  most  fre- 
quent cause  of  short-sightedness,  because  owing  to  the  recession  of  the 
sclera  the  eyeball  undergoes  an  elongation  of  its  sagittal  axis  (axial 
myopia).  The  diagnosis  of  a  posterior  staphyloma  can  be  made  in  the 
living  eye  only  by  demonstrating  the  existence  of  a  high  degree  of  myopia 
and  of  the  changes  in  the  fundus  which  accompany  the  latter  (J  77). 
ß.  Posterior  scleral  protrusion  of  Ammon,  This  does  not,  like  posterior 
staphyloma,  lie  just  at  the  posterior  pole,  but  below  it.  Contrary  to  the 
case  of  the  other  ectasia?  of  the  sclera,  it  is  not  acquired  but  congenital, 
being  formed  in  consequence  of  an  incomplete  closure  of  the  fetal 
ophthalmic  cleft.  It  is  found  in  conjunction  with  the  formation  of  a 
cleft  (coloboma)  in  the  chorioid  and  frequently,  also,  with  coloboma 
of  the  iris  (see  §§76  and  80). 

Acquired  ectasiae  of  the  sclera  are  designated  under  the  name  of 
staphylomata  of  the  sclera,  as  has  been  done  in  the  preceding  lines,  but 
the  expression  staphyloma  is  not  appUed  to  the  congenital  scleral  pro- 
trusion of  Ammon. 

(6)  Total  Ectasia  of  the  Sclera, 

This  consists  in  a  uniform  dilatation  of  the  entire  sclera,  so  that  the 
eyeball  is  enlarged  in  toto.  The  sclera  is  everywhere  thinned  and  the 
chorioidal  pigment  shows  through  it,  so  that  it  has  a  bluish-white  ap- 
pearance. Total  ectasia  can  develop  only  in  youth  when  the  sclera  is 
still  everywhere  yielding;  the  sclera  of  adults  is  so  rigid  that  it  can  pro- 
trude only  at  certain  weaker  spots,  and  hence  it  admits  of  only  partial 
ectasisB.  Total  ectasia  occurs  most  frequently  at  the  same  time  with 
staphyloma  of  the  cornea  or  with  anterior  scleral  staphyloma.  By  the 
combination  of  these  two  kinds  of  ectasia  a  very  extraordinary  enlarge- 
ment of  the  eyeball  sometimes  develops.  Much  more  rarely  a  second, 
pure  form  of  scleral  ectasia  is  observed,  in  which  the  eye  shows  simply  a 
uniform  enlargement  in  all  its  dimensions — an  enlargement  in  which 
the  cornea  also  participates  (megalocornea).  This  condition  is  charac- 
terized as  hydrophthalmus  or  buphthalmus  (^ot>9,  ox,  on  account  of  the 
resemblance  to  the  large  eyes  of  oxen).  Hydrophthalmus  is  either  con- 
genital or  is  acquired  in  early  childhood,  and  is  probably  analogous  to 
the  glaucoma  of  adults,  under  which  disease,  therefore,  hydrophthalmus 
will  be  treated  of  in  detail  (see  §  83). 

Etiolos^. — Every  ectasia  of  the  sclera  is  the  result  of  a  dispropor- 
tion between  the  intra-ocular  pressure  and  the  resistance  of  the  sclera. 
Either  the  tension  of  the  eye  is  pathologically  heightened  or  the  tenac- 
ity of  the  sclera  is  diminished.  The  former  is  much  the  more  frequent 
cause  of  scleral  ectasiae  (if  the  posterior  ectasiae  are  excepted).  Scleral 
ectasiae   develop  slowly,   and  the   disproportion  between  the  tension 
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the  eye  and  the  resist aiice  of  the  sclera  must  persist  for  a  pretty  long 
tme  before  it  can  muke  the  sclera  become  eciatic. 

(a)  The  result  of  ik  vat  urn  of  the  inira-ocular  tension  is  that  every 
|uare  millimetre  of  the  interior  surface  of  the  sclera  hai>  to  bear  the 
ime  increase  of  pressure.     If  the  sclera  possessed  tlie  same  constitu- 
tion throughout  it  would,  in  case  it  yielded  to  the  pressure  at  all,  ex- 
id  in  a  perfectly  uniform  fashion.     But  some  portions  of  the  sclera 
constructed  less  solidly  than  others,  and  these  give  way  fii^t  to  the 
increased  pressure.     These  less  tenacious  spots  are  those  in  which  the 
|clera  has  nerves  or  vessels  passing  through  it  into  the  interior  of  the 
fe,  and  in  which,  therefore,  it  is  perforated  and  thinned.    Chief  among 
places  is  the  lamina  crihrosa,  and  next  those  portions  of  the  sclera 
the  vente  vorticosa'  and  the  anterior  ciliary  ve^ssels  perforate  it. 
the  site  of  the  lamina  crilirosa  the  sclera  is  reduced  to  a  thin  mem- 
ine,  which  is  riddled  with  lioles  hke  a  sieve,  and  which,  under  in- 
creased pressure,  bulges  out  backward.     This  bulging,  however,  is  not 
led  among  the  staphylomata  of  the  sclera,  but  is  designated  as  an 
sat  ion  of  the  optic  nerve,  because  the  head  of  the  optic  nerve  re- 
cedes  simultaneously    with    the   lamina   cribrosa    (§    81).      Equatorial 
staphylomata  develop  at  these  spots  wliere  the  venae  vorticosa?  perforate 
the  sclera,  and  anterior  scleral  staphylomata  at  the  spots  wehere  the 
rior  ciliary  vessels  are  transmitted.    The  other,  more  resistant  sec- 
of  the  sclera  remain  unchanged,  even  under  increased  intra-ocular 
pressure;  it  is  only  in  children,  in  whom  the  whole  sclera  is  distensible, 
that  total  ectasia  develops. 

The  most  frequent  causes  of  the  elevation  of  intra-ocular  pressure 
are  glaucoma,  seclasio  pupilhe,  and  ectatic  cicatrices  of  the  cornea. 
In  glaucoma,  in  which  the  veme  vorticose  are  the  main  seat  of  con- 
gestion and  inflammation,  equatorial  staphylomata  generally  develop; 
nlusio  pupilla*  and  staphylomata  of  the  cornea,  on  the  contrary, 
which  the  inflanmiation  expends  itself  upon  the  most  anterior  sec- 
jns  of  the  eyelialh  niostly  induce  anterior  ectasia*  of  the  sclera. 

(6)  The  result  of  diminished  resistance  of  the  sclera  may  be  that 
the  latter  is  unable  any  longer  to  withstand  even  the  normal  intra- 
'  iv  pressure.  Diminished  resistance  develops  in  consequence  of 
1  i iniations  of  the  sclera,  and  hence  occurs  in  t  he  deep  form  of  scleritis, 
which  leads  to  anterior  scleral  ectasia?  (page  323);  it  also  occurs  when 
tumors  (malignant  new  growths,  gummy  or  tuberculous  nodules)  de- 
velop in  or  beneath  the  sclera.  Injuries  of  the  sclera  also  diminish 
its  tenacity,  and  hence  the  cicatrices  after  penetrating  wounds  (and 
especially  after  ruptures)  of  the  sclera  very  frequently  become  ectatic. 
Scleral  ectasiae  arising  in  this  way  lead  subsequently  to  elevation  of 
the  intra-ocular  pressure,  which  then,  however,  must  be  regarded  not 
hs  the  cause,  but  as  the  result  of  ectasis,  even  though  it  does  contribute 
to  make  the  latter  larger  still.  Here,  then,  the  same  process  that  occurs 
tasiae  of  the  cornea  (page  309)  is  repeated. 
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Posteiior  scleral  ectasise  are  likewise  referred  to  a  diminution  in 
the  resistance  of  the  sclera.  With  regard  to  the  development  of  staphy- 
loma posticum,  the  cause  of  it  is  assumed  to  be  a  congenital  weakness 
of  the  sclera  in  its  posterior  portion.  With  respect  to  Ammon's  scleral 
protrusion,  the  idea  is  held  that  the  fetal  ophthalmic  cleft  is  filled  up 
with  a  sort  of  intermediary  tissue  which  does  not  possess  the  firm  texture 
of  the  normal  sclera,  and  hence  gives  way  before  the  ocular  pressure. 

Consequence  of  Scleral  Ectasias. — In  anterior  and  equatorial 
staphylomata  of  the  sclera  the  sight  is  at  length  completely  destroyed 
through  rise  of  tension.  If  the  ectasia  does  not  come  to  a  stop,  the  en- 
largement of  the  eyeball  keeps  growing  greater  and  greater.  The  eye- 
ball projects  far  beyond  the  palpebral  fissure,  can  be  covered  but  incom- 
pletely by  the  lids,  and  is  extremely  disfiguring.  Conjunctival  catarrh, 
lachrymation,  and  blepharospasm  develop  as  a  result  of  the  mechanical 
irritation,  and  not  infrequently  the  lower  lid  is  pushed  so  far  out  by  the 
enlarged  eyeball  as  to  be  everted  (ectropion).  Finally,  some  slight 
injury  suffices  to  cause  the  rupture  of  the  staphyloma  at  a  particularly 
thinned-out  spot.  The  greater  part  of  the  liquefied  vitreous  is  evacu- 
ated, and  in  consequence  a  violent  hemorrhage  may  take  place,  and  the 
eye  may  undergo  destruction  with  the  symptoms  of  panophthalmitis. 

Staphyloma  posticum,  if  it  enlarges,  causes  a  considerable  increase 
in  the  short-sightedness,  without,  however,  inducing  elevation  of  ten- 
sion and  the  other  deleterious  consequences  of  anterior  and  equatorial 
staphylomata.  The  scleral  protrusion  of  Ammon  remains  stationary 
and  entails  no  injurious  consequences. 

Treatment, — It  is  only  anterior  and  equatorial,  not  posterior, 
ectasias  of  the  sclera  that  are  amenable  to  treatment.  In  the  former^ 
which,  in  the  great  majority  of  cases,  have  developed  in  consequence  of 
an  increase  of  tension,  the  main  indication  is  iridectomy,  provided  that 
it  is  still  technically  practicable.  Inasmuch  as  this  operation  dimin- 
ishes the  intra-ocular  pressure,  it  puts  a  stop  to  the  further  enlarge- 
ment of  the  scleral  ectasias  (and  in  especially  favorable  cases  even  causes 
diminution  in  the  size  of  an  ectasia  already  existing),  and  likewise  pre- 
serves the  sight,  so  far  as  it  still  exists,  from  total  destruction.  If,  as 
indeed  is  generally  the  case,  iridectomy  is  on  technical  grounds  no 
longer  practicable,  there  is  nothing  else  left  to  do  but  enucleation,  in 
case  the  eye  distresses  the  patient  by  its  size,  its  painfulness,  or  the 
disfigurement  it  causes. 

The  anatomical  structure  of  scleral  staphyloma  is  essentiaUy  different  from  that  of 
staphyloma  of  the  cornea.  While  the  latter  consists  of  cicatricial  tissue  which  replaces 
the  cornea  that  has  been  destroyed,  a  scleral  staphyloma  is  formed  of  the  sclera  itself, 
which  has  not  di8app)eared  at  the  site  of  the  ectasia,  but  is  simply  thinned,  so  that  often 
it  is  no  thicker  than  a  sheet  of  paper.  In  posterior  staphyloma  the  thinning  is  uniform; 
in  anterior  and  equatorial  staphylomata  we  often  find  that  the  thinning  is  not  uniform, 
and  commences  suddenly,  owing  to  the  abrupt  disappearance  of  the  inner  layers  of  the 
sclera  at  the  marginof  the  ectasis.  The  sclera  then  in  the  spot  where  it  bulges  looks  as 
if  it  had  been  gnawed  into  from  the  inner  side,  and  thus  deprived  of  its  innermost  lay- 
ers (Fig.  124,  a).    Probably  this  is  owing  to  the  fact  that  the  innermost  layers  of  fibers 
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,  ill  ocmsequeTjc«  of  the  great  stu^tcbiiig  to  whicli  they  are  expi»sed,  first 
^spot  and  then  gradually  separate  from  eat-h  othor  (Cxerniak  and  Bii^- 
The  uvea  is  alwa>Ts  solidly  adherent  to  the  inner  surfacf  of  the  ectasia,  aod 
I  bet«  00  Alrtiphic  tliat  scarcely  anything  is  left  of  it  but  its  pigment  layer,  which  forms 
dmsk  coating  of  tlii»  inner  surface. 

L>i8Bection  of  ©ctatic  eyebaü»  shows  that  anterior  scleral  Htaphyloma  may  be  of  two 

f—rHiary  or  uUercalary  »tuphylomn.    The  former  (Fi|tc.  i:i91  Ijelongs  to  that  part  of 

«cl«tfii,  the  inner  surface  of  which  i«  coated  by  the  rUiory  body;    the  latter  (Figs. 

141  ♦,  on  the  other  hand,  develop«  in  that  narrow  portion  of  the  .'iciera  which  i» 

iluated  m  front  of  the  ciliary  Ix^dy,  l>etween  it  and  the  margin  of  the  cornea;   for  the 

titeH<ir  bordw  of  (he  ciliary  Iw^dy^  atid  hence,  tcMj,  the  root  of  the  iris,  as  it  ^»p^ngs  from 

ciiiary  body,  do  not  correspond  precisely  to  the  »rluro-corneül  junction,  but  lie 
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Fm,  IM, 


iSO.— ^HTAi'iirijoiiA  riMAHr,     (Aft«r  Pwren^tprlwr.)    Tin*  eye  ia  bit^ecUNJ  liorituntnUy.     Sur- 

xUr>  cornr»  there  \h  nn  ^cta.'^ia,  c,  of  the  *clerft,  which  attain!«  it?f   «reate^i   bnea<lth  »t  th« 

-iiti\  t\    nuA   *.n   llif*  naJMil   suie,  n„  is  iittrrnw»»r  und  lea«   pnominpnt,  for  which   rea^trt   th«* 

•  rd  the  na^^al  !*ule.    The  inner  iiurfiM>e  of  the  ecfJMiia  i«  coftttnt  »'lt)i  ihc  clon- 

irt<i  ifl  invi^fible  becauM»  it  it«  pressed  ikf^äin^i  the  posterior  flurfan*  of  ttie 

hL'tii enteil  to  Mnck,     The  r«tina  and  ctmrioid  have  been  to  Mime  t*x tent 

1   fruQi    tlif!/    t«vl    l>y  the  ciitunection;   in  the  retin»  groupw  of  pimtiate  hemorrhage««^  6»  are 

lie.     The  heatt  of  ihe  uptic  nerve,  O,  stiow^  a  ileep  exoavniion  due  to  pre'<flune. 

)  to  -  STAi-niLuM*   IvTEKrALAKF,.     The  eyebnlt  in  horixontAlly  bi5ecteit  and   ij*  depicted  of 

\mt\  the  niitural  siace^     The  ectasia,  «,  of  x\w  Aclera  \^  inierpo«ed  on  ttie  nut^aH  a-nW^  n# 

\   iKxiy,  r,  and  the  cornea,  h,  t-n  that  the  latter  is*  dijtpltti.'erl  towarnl  the  tetn[>oral  side, 

•f  the  ecta.*iia  i*  criverefl  with  pifrment,  repr*?«»nting  the  remain-*  of  the  root  of  %\uy  tri» 

ufiie  adherent  to  the  thinner!  i»ciera;   thif  pjpifment   in  eon*e<iuence  of  beinf  s-prffld  over 

taee,  ^how«  tiunieroux  Knp.*«.     Toward  the  t>nter  «ide  the  ectfi'-ia  constantly  ttiininittfieM 

tliat,  at  the»<pot  witcre  the  temtRiral  wall  of  the  eyeball,  I,  \\h^  been  t*tjt  through»  noth- 

narrow  interspace  is  oh}*ervabk*  ootween  tlie  cihary  IkkIv  and  the  irl«,  a  cotidition  due 

Ttination  of  the  root  of  the  irii»  to  the  sclera  which  char»cten«ej*  an  iiicrea.'*e  of  tenftion. 

optic  nerve,  t\  m»  excavation  i.^  present;  ami,  in  the  retina  can  be  seen   the  fovea 

Cand  the  expatuiion  of  the  retinal  vei 


Dinewhat  behind  it  (Figs.  143  and  148) — that  ta,  the  moat  anterior  portion  of  the 
n,  which  ÜOS  in  front  of  the  nxit  of  the  in«,  l>elongs  to  the  anterior  chaml>er.  But 
lUgh  it  is  jiiKt  in  this  portion  that  an  intercalary  staphyloma  devolop«,  the  iris 
I  not  be  bei^ind  the  latter  but  in  front  of  it,  jnst  as  in  the  cjüm?  of  ciliary  staphyloma, 
f  tc»mea  to  pass  in  the  following  way:  The  fortnatjon  of  the  et*tasia  is  precedetl  by 
of  tension,  which  caiiM»«  the  m«i«t  peripheral  portion  of  the  iri«  to  Ijc  pressed 
[>rward  and  to  become  iinittHl  witli  the  sclera  (see  §  .H4  and  Figs.  217  anti  218).  Hence 
il  part  t>f  the  iris  lying  free  in  the  anterior  ehamlx^r  is  given  off  from  the  sclera  at  a 
nt  farther  forward  than  iisiiaL  Looked  at  wit  It  the  naked  eye,  it  Heems  im  if  the 
Phion  of  the  iris  had  l>een  poshed  forward,  itp  to  the  .sclcrt>-cürneal  junction  or  be- 
I  il.  Now,  an  intercalary  staphyloina  devehip»^  preciniely  in  that  region  of  the  sclera 
h  is  united  with  the  periphery  of  the  iris  -i.  e.,  at  I  m  Fig.  141,  where  i1h>  t»ogitming 
\  «neb  an  ectasia  may  l>e  made  ont  from  the  fact  that  just  in  front  i»f  the  point  where 
k  iris  is  given  off  the  innermost  lamellie  of  the  sclera  have  separated  and  the  iris  haa 
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been  pushed  into  the  gap.  Hence,  too,  later  on  and  even  when  it  has  grown  to  be  so 
very  large,  the  ectasia  always  lies  between  the  real  origin  of  the  iris  at  the  anterior 
border  of  the  'ciliary  body  (Fig.  141,  o)  and  its  apparent  origin  at  the  spot  where  the 
portion  of  the  iris  that  is  yet  free  commences  (Fig.  141,  6).  The  inner  surface  of  an 
intercalary  staphyloma  is  coated  with  a  layer  of  pigment,  which  is  nothing  but  the 
completely  atrophic  root  of  the  iris  that  has  become  united  to  the  sclera. 

In  an  eyeball  which  has  not  been  dissected,  the  distinction  between  a  ciliary  and 
an  intercalary  staphyloma  is  more  difficult  to  effect  than  in  an  anatomical  specimen, 
but  may  still  be  made  from  the  following  diagnostic  points:  In  intercalary  staphyloma 
the  anterior  ciliary  vessels  are  seen  emerging  from  the  sclera  at  the  posterior  border  of 
the  ectasia,  in  ciliary  staphyloma  at  its  anterior  border.  A  thin  ciliary  staphyloma 
usually  transmits  light,  and  so  admits  of  our  recognizing  the  elongated  ciliary  processes 
as  black  striae  on  its  inner  surface  (c.  Fig.  139). 

Ectasis  of  the  sclera  usually  entails  still  further  changes  in  the  interior  of  the  eye- 
ball.   In  consequence  of  the  enlargement  of  the  ring  formed  by  the  ciliary  body,  the 


Fio.  141. — Intercalary  Stapittloma. — Magnified  4X1. 

The  figure  represents  a  vertical  section  through  the  anterior  half  of  the  ectatic  eyebaU.  which 
presents  a  great  resemblance  to  the  eye  shown  in  Fig.  140,  except  that  the  most  marked  ectasia  in  the 
present  case  it  situated  above  the  cornea.  The  limits  of  the  cornea  are  marked  by  the  limbus  /  and  /i. 
At  I  may  be  seen  how  the  root  of  t  he  iris  is  applied  to  the  sclera,  and  the  beginning  of  a  process  of 
thinning  in  the  sclera  can  be  made  out,  while  on  the  other  side  of  the  eye  there  is  a  fully  developed 
intercalary  staphyloma,  which  extends  from  a  to  6,  and  which  in  the  living  eye  formed  a  dark  translu- 
cent prominence.  In  the  region  of  the  staphyloma  the  sclera  is  reduced  to  half  its  normal  thickness, 
and  its  inner  surface  is  covereti  with  a  thin  pigment  coating  representing  the  remains  of  the  iris.  The 
iri!4  is  adherent  to  the  sclera  from  the  ciliary  body,  a,  to  the  anterior  border,  6,  of  the  ectasia.  The 
ciliary  processes,  owing  to  atrophy,  are  flatter  than  normal. 

iris  becomes  stretched  and  atrophic,  and  may  even  in  places  be  separated  from  its 
insertion  (spontaneous  iridodialysis).  The  same  is  true  of  the  zonule  of  Zinn,  which, 
through  atrophy,  gets  to  be  so  deficient  that  the  lens  becomes  tremulous  or  even  under- 
goes luxation.  The  ciliary  body,  chorioid,  retina,  and  optic  nerve  become  atrophic;  the 
latter  generally  presents  a  deep  excavation  due  to  the  increase  of  tension  (Fig.  139, 0). 

Ulcers  and  Tumors  of  the  Sclera. — ^The  sclera  is  not  very  apt  to  become  in- 
flamed, and  still  less  are  the  products  of  its  inflammation  apt  to  undergo  purulent  dis- 
integration; thus,  for  example,  ulceration  of  scleritic  nodules  is  never  observed.  Ulcers 
which  originate  in  the  adjacent  part  of  the  cornea  are  always  arrested  as  soon  as  they 
reach  the  sclera;  nor  are  ulcers  of  the  conjunctiva  any  more  likely  to  extend  to  the 
sclera  beneath  them.  Hence  ulcers  in  the  sclera  are  among  the  greatest  of  rarities. 
They  originate  from  injuries  with  coincident  infection  and  also  from  the  disintegration 
of  new  growths  (syphilitic,  tuberculous,  and  leprous  nodules,  malignant  new  growths). 

New  growths,  too,  occurring  primarily  in  the  sclera  are  very  rare;  although  tumors 
originating  in  other  parts  of  the  eye  do  pass  over  to  the  sclera.  Fibromata,  sarcomata, 
and  osteomata  are  the  primary  tumors  that  have  been  observed  in  the  sclera. 


CHAPTER  IV, 

ANATOMY  AND   FHYSlOLCKiy  OF   1  HE    LrVEA, 

EMBIIVOLOGY  OF  THE   EYE. 

L  Anatomy. 

57.  If  we  carefully  remove  the  sclera  and  cornea  from  an  eyeball, 
ire  have  presented  to  us  the  iris^  cihary  body,  and  chorioid  in  eonnec- 
iifiii.  Together  these  form  the  middle  tunit-  of  the  eye,  wliich  takes 
ie  shape  of  a  sphere,  eok)red  dark  brown  by  the  pigment  whifh  it 
stains.  In  front,  this  hiLS  a  large  aperture,  the  pupil;  behindp  it 
a  small  one,  the  opening  designed  for  the  transmission  of  the  optic 
&rve.  On  account  of  the  sirnihirity  of  the  dark  sphere,  hanging  upon 
Ihe  optic  nerve  as  upon  a  stalk,  to  a  grape  (um)>  the  middle  tunic  of 
the  eye  has  received  the  name  of  uixa,  and  also  of  uveal  tract. 


(a)  Iris. 


^m       The  iris  *  is  a  disk-shaped  membrane,  perforated  in  the  center  by 

^Bhe  pupih-     By  its  periphera!  or  ciliary  border  it  springs  from  the  an- 

^^eri(ir  surface  of  the  ciliary   body*     From  this  point  it  stretches  over 

the  lens,  it^  central  or  pupillary  Itorder  lying  upon  the  anterior  capsule, 

id  gliding  upon  it  with  the  movements  of  the  pupil  (Fig*  143).     By 

^ing  in  this  way  upon  the  lens,  the  iris  obtains  a  firm  support.     Hence, 

rhen  the  lens  is  absent  or  has  lost  contact  with  the  iris,  the  hiUer  is 

m  to  tremble  or  vibrate  with  movements  of  the  eyeball  (tremulous- 

of  the  iris,  iridofimiestü^).     Since  die  umbo  of  the  lens  lies  farther 

ird  than  the  spot  wliere  the  iris  originates  in  the  ciUary  body,  the 

is  forms  a  shallow  cone,  whose  apex,  directed  forward,  is  cut  off  short 

the  pupil.     The  shallower  the  anterior  chan)ber  Incomes  through 

Ivan  cement  of  the  lens,  the  greater  is  the  altitude  of  ttiis  cone;    if» 

the  other  hand,  the  lens  is  alxsent,  the  iris  extendi  in  a  plane. 

In  looking  at  the  iris  with  the  naked  eye,  or,  still  txi'tter,  with  the 

lagnifying  glass,  we  recognize  in  it  delicate  markings,  which  are  formed 

y  elevations  und  Depressions  of  its  anterinr  surface  (relief  of  the  iris, 

g,  142).    Sharp  and  clear  in  the  normal  eye,  these  markings  are  blurred 

absolutely  indistinguishable  in  an  inflamed  or  atrophic  iris,  so  that 

V*  constitute  an  imporlant  sign  in  iridic  affections.     The  markings 

chiefly  formed  by  rudially   thrected.  projecting  ridges,   whicli   are 

'  Ins  nn  MTOimt  of  it»;  rainHoTv  •jhftTnc,  not  on  accfitinf  of  it*  color. 

'PupillA  prttpi^rly  rnfAtip  idrf ;  prrliwp't  m>  ctilt*"d  bprüiu*«»  in  tlie  pupil  one  i^t^-  m  Hiruiniilivr  imiii^ 
htfiinflf  r^ftcctisi  tram  the  cortu-a.  Su,  al-*<i,  iti  old  (jemian  work'*  iJif  pupil  i»  iiitniiNl  "  K«ndh»in  " 
_^  tlmli»  rbildK  In  Greek.  UnK  tin*  pupil  is  called  *öpi,  girl,  from  wUicli  tins  t*xprew<ion»  ctirerfopi*, 
"fWvlyiit«,  etc..  arf  4jerivei,i, 

*  From  iri»  »nci  AoWom«^,  I  vihratr. 
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nothing  but  the  blood-vessels  lying  in  the  stroma  of  the  iris,  and  run- 
ning from  the  ciliary  to  the  pupillary  margin.  Near  the  latter  they 
interlace  with  a  ring  of  circular  ridges— the  lesser  circle  (circulus  mi- 
nor) of  the  iris  (fc,  Fig.  142).  This  latter  divides  the  iris  into  two  zones: 
that  lying  to  the  periphery  of  the  circulus  minor  is  the  ciliary  zone  (C); 
that  lying  to  the  central  side  of  it  is  the  much  narrower  pupillary  zone 
(P),  which  is  often  distinguished  from  the  ciUary  zone  by  a  different 
coloration.  Along  the  circulus  minor  may  be  noticed  pit-like  depressions 
(crypts,  c)  in  the  surface  of  the  iris.  Similar  but  much  smaller  open- 
ings in  the  anterior  surface  are  also  present  at  the  periphery  of  the 

iris,  close  to  its  root;  but  these  are 

not  perceived  in  the  living  eye,  partly 

because  they  are  too  small,  partly 

because  they  are  concealed   by  the 

margin  of  the  sclera,  which  projects 

in  front  of  them.     It  is  only  in  blue 

eyes,  especially  in  children,  that  this 

peripheral  perforated  zone   becomes 

apparent   as   a  dark,   almost    black, 

Fio.  142.— antkbior  surfack  or  the  Iris,     circle  (p)  close  to  the  root  of  the  iris. 

Magnified  6  XI.  rpj^^  pupillary  margin  of  the  iris  is 

of  ^ttf^SS^.e^r^A-^'wl^rci^^^^^  seen  to  be  lined  by  a  narrow  black 

dÄSS^e!*""  *'''^''*''  "•  '^''""' '''  P**"'**'^"^     fringe  (r),  which  stands  out  with  espe- 

cial  prominence  in  eyes  affected  with 
cataract;  for  it  contrasts  much  more  forcibly  with  the  white  background 
of  the  clouded  lens  than  with  the  black  of  the  pupil  of  a  normal  eye. 
58.  Microscopical  Anatomy. — The  iris  stroma  consists  essentially 
of  numerous  vessels  running  in  a  radial  direction  from  the  ciliary  to 
the  pupillary  margin.  The  vessels  are  inclosed  in  a  thick  adventitia. 
and  are  surrounded  by  a  loose  meshwork  of  branched  and  pigmented 
cells,  which  fill  up  the  interspaces  between  them  (Fig.  168).  The  vessels, 
together  with  the  cellular  meshwork,  form  the  stroma  of  the  iris,  which 


Explanation  of  Fio.  143. — Meridional  Section  through  the  Anterior  Portion  op  the  Eye. 

Maeoified  16  X  1. 

The  boundary  between  cornea,  C,  and  sclera,  S,  is  marked  at  its  poeterior  surface  by  the  croe» 
section  of  Schlemm's  canal.  «.  Anteriorly  it  is  covered  bv  the  limbus  conjunctivae;  L\  farther  faAck 
the  crosH  section  of  an  anterior  ciliary  vein,  t%,  is  seen  in  the  sclera.  The  iris  is  attached  by  the  lifca- 
mentum  pectinatum.  /,  to  the  inner  posterior  wall  of  Schlemm's  canal.  Since  the  pupil  in  this  eye  was 
contractetl,  the  iris  is  Ions  and  thin,  and  its  pupillary  border  is  drawn  out  into  a  thin  edge  {a.  Fig. 
57).  On  the  anterior  surface  of  the  iris  may  be  recognized  the  orifices  of  the  crypts  both  in  the  circu- 
lus minor  {ct)  and  in  the  periphery  (r),  also  the  contraction  furrows,  /,  /.  The  posterior  surface  of  (he  iris 
is  covered  with  a  sheet  of  retinal  pigment  which  ttu-ns  forward  shwply  like  a  spur  at  the  pupilkuy 
margin,  p.  At  one  spot  the  posterior  layer,  A,  of  the  pigment  has  separated  so  that  the  anterior  layer, 
V,  can  be  seen  isolated.  Close  to  the  pupillary  margin,  the  cross  section,  «p,  of  the  sphincto"  pupUlsp 
is  visible.  From  the  posterior  wall  of  Schlemm's  canal  rises  the  ciliuy  muscle,  consisting  of  longitu- 
dinal fibers.  Af,  and  circular  fibers,  Mu;  the  transition  from  one  portion  to  another  is  effected  by  the 
radial  fibers,  r.  At  the  anterior  margin  of  the  circular  portion  is  seen  the  cross  section  of  the  circulus 
arteriosus  iridis  major  (a).  Upon  the  ciliary  muscle  are  situated  the  ciliary  processes,  P,  which  are 
covere<l  by  the  two  layers  of  the  pars  ciliaris  retiiue — namely,  by  the  pigmented  cellular  laver,  p«, 
which  ifl  the  continuation  of  the  pigment  epithelium,  Pe,  and  by  the  non-pigmented  layer,  pc^  tne  con- 
tinuation of  the  retina  proper,  R.  The  flat  part  of  the  ciUary  body,  the  orbiculus  ciliaris,  O,  extends 
to  the  ora  serrata^  o,  where  the  chorioid,  CÄ,  and  the  retina, /2,  begin.  Upon  the  orbiculus  lie  the  fibers 
of  the  zonule  of  Zinn,  z,  which  farther  forward  pass  into  the  free  portion,  zi,  of  the  zonula  and  there 
inclose  the  cavity  of  the  canal  of  Petit,  t.  The  lens,  L,  shows  at  its  equator  besides  the  attachment« 
of  the  zonular  fibers,  the  cross  section,  k,  of  the  ring  of  nuclei. 
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consequently  is  a  very  loose,  spongy  sort  of  tissue.  Close  to  the  pupillary 
margin  of  the  iris  the  muscle  which  closes  the  pupil — the  sphincter 
iridia — is  found  imbedded  in  the  stroma  (Fig.  143,  sp).  This  is  a  flat 
band  of  smooth  muscular  fibers,  1  mm.  broad,  lying  close  to  the  poste- 
rior surface  of  the  iris. 

On  the  anterior  surface  of  the  iris  there  is  a  specially  dense  layer 
of  cells  (anterior  limiting  layer,  Fig.  168,  v).  Next  to  this  is  a  layer  of 
endothelium,  which  is  a  continuation  of  the  endothelium  of  Descemets 
membrane,  and  covers  the  entire  anterior  surface  of  the  iris  as  far  as 
the  pupillary  margin.  It  is  deficient  only  at  those  spots  which  corre- 
spond to  the  crypts,  including  both  those  at  the  pupillary  (Fig.  143,  cr) 
and  those  at  the  ciliary  margin  (c,  c).  These  crypts,  therefore,  form 
apertures  which  lead  into  the  interior  of  the  tissue  of  the  iris  and  place 
its  tissue  spaces  in  free  communication  with  the  cavity  of  the  anterior 
chamber.  This  arrangement  favors  the  rapid  change  in  volume  of  the 
iris  in  the  alternating  movements  of  the  pupil,  since  it  enables  fluid  to 
pass  quickly  from  the  tissue  of  the  iris  into  the  "anterior  chamber  and 
vice  versa. 

The  posterior  surface  of  the  stroma  of  the  iris  is  covered  by  the 
posterior  limiting  membrane  and  the  retinal  pigment  layer.  The  for- 
mer (also  called  Bruch's  membrane,  Fig.  144,  m.  and  Fig.  148,  h)  con- 
sists of  fibers,  which  extend  in  a  radial  direction  from  the  ciliary  to  the 
pupillary  margin,  and  form  the  dilatator  pupiUce.  These  are  muscle 
fibers  of  a  peculiar  character,  which,  just  like  the  fibers  of  the  sphincter, 
are  derived  from  the  anterior  row  of  cells  of  the  retinal  pigment  layer 
(ectodermal  muscle-cells,  Vialleton,  Grynfeltt).  To  the  posterior  limit- 
ing membrane  succeeds  the  retinal  pigment  layer,  which  coats  the  pos- 
terior surface  of  the  iris.  It  extends  to  the  pupillary  margin,  round 
which  it  turns  so  as  to  appear  a  little  on  the  anterior  surface  of  the  iris 
(Fig.  143,  at  p),  and  so  forms  that  black  rim  which  we  perceive  along 
the  pupillary  margin,  when  we  look  at  the  eye  from  in  front.  The  pig- 
ment layer  consists  of  two  strata  of  epithelial  cells  (v  and  h,  Fig.  143,  and 
V  and  A,  Fig.  144),  which  merge  into  each  other  at  the  pupillary  margin. 
The  two  together,  as  embryology  teaches  us,  represent  the  continuation 
of  the  retina  to  its  termination  at  the  pupillary  margin  (Fig.  167).  This 
layer  of  the  iris  is  therefore  designated  as  the  retinal  layer  (pars  retinalis 
iridis  sive  pars  iridica  retinae),  in  contradistinction  to  the  anterior 
layers,  which,  as  they  belong  to  the  uvea,  are  comprised  under  the  name 
of  pars  uvealis  iridis  (Schwalbe). 

The  color  of  the  iris,  which  is  either  light  (blue  or  gray)  or  dark 
(brown),  is  caused  by  the  iridic  pigment.  There  are  two  kinds  of  pig- 
ment in  the  iris:  one  Ues  in  the  branched  cells  of  the  stroma,  and  b 
hence  called  the  stroma  pigment;  the  other  fills  up  the  epithelial  cells 
of  the  retinal  pigment  layer  (retinal  pigment).  Upon  the  proportion 
between  the  amount  of  pigment  deposited  in  these  two  the  color  of  the 
iris  depends.     The  retinal  layer  of  the  iris  always  abounds  in  pigment. 
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while  the  amount  of  stroma  pigment  that  the  iria  contains  varies  greatly. 
When  the  stroma  contains  little  pigment,  the  retinal  pigment  shows 
rough  the  thin  iriö,  and  appears  blue.  This  is  due  to  the  same  phe- 
lon  that  causes  a  dark  background  always  to  appear  blue  when 
ai  through  a  more  or  less  opaque  medium.  Thus,  for  instance, 
through  a  delicate  skin  the  veins  look  blue.  If  the  stroma  is  deficient 
in  pigment,  but  pretty  thick  and  compact,  the  iris  appears  gray.  And, 
finally«  the  greater  the  amount  of  brown  stroma  pigment  that  the  iris 
eontains.  the  more  this  pigment  becomes  visible  and  makes  the  iris  ap- 
pear brown»  while  the  retinal  pigment  layer,  which  lies  behind,  is  more 
and  more  concealed  by  the  stroma  pigment  and  withdrawn  from  view. 
Not  infrequently  in  an  iris,  that  is  but  slightly  pigmented  as  a 
whole   one  or  two  isolated  accumulations  of  pigment  are  found  in  the 
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9kl|.  1##. — PoTOHOtt  LAvrju»  or  the  Irj».     Meridiokai,  SiccTio>i  THKoraH  rttfe  lais  OF  ah  Aditlt, 

Dt.coLOKiX£[>  BT  Fics'd  Mktbod.     filAfiufied  300  X  1. 

"•*---  'nvnr»  of  the  stroma  of  thf*  iris.  «.  with  it«  bnuifhed  wlls,  ffUM»ed»  the  cJilatAtor 

-'  membnui«'.  »n.  whoi-e  pt^fttrior  Rirfuec  i«  lined  by  the  protfiploL^m  »od  the 

.  riiir  HtrAtiim  f,  of  thf  retiaal  pijicnieiit  layer.      In  Ihi?«  Mmturu  the  iKiundarii«« 

'   I      -,.  .„        )       'Y\^^  pc»t«rior  Mtrmluro,  A.  of  the  rctiiml  |nf;rnent  layen 

i  QuHeL     The  cell*  »re  ctf  difft-nrnt  height!^,  and  »re  «o 

icirm»  omenta  of  munded  eminenc««^  i^uch  »*  a) wo  are  to 

Nil  Lii  Fig.  143.     These  eminence*  repn:y*eut  the  croi«»  ■*<^tion 

icnntnic  concent ricallv  with  the  pupil,  whirh  t)ie  irih  pre^eiitu 

th  the  naked  eye.     The  p<>«terior  iKinler  of  thJB  UytT  of  ceJU 

up  i;^  ml  our.  which  tfoca  not.  however,  in  thu»  »pot  »Miiime  the  mp- 

Hie.     The  oeUa  of  the  po»i«rior  layer  still  eonimia  a  few  pigment 

ri»atiotl< 


'peafui'M 


«troma.  These  then  stand  out  as  dark  (rust-colored,  brown,  or  black) 
ts  in  an  otherwise  gray  or  blue  iris  (neevi  iridis,  n  in  Fig.  142  and  Fig. 
S7).  The  prej^nce  of  a  pretty  large  number  of  them  give^  the  iri8  a 
mottled  appearance.  Exceptionally^  cases  occur  in  which  the  iris  has 
no  pigment  either  in  its  stroma  or  in  its  retinal  hiyer.  Such  an  iris  is 
found  in  albinos;  it  is  translucent,  and,  on  account  of  it^  numerous 
vessels,  has  a  delicate,  grayish-red  color« 

Th©  examination  of  the  iris  in  tht?  living  eye  shown  us,  besidea  the  details  of  relief 
inentioned  alKjve,  a  fiiinit^er  of  cojicentrif  curved  line«  near  tbe  ciliary  margin  of  the 
\  Fig.  142).    They  are  particularly  well  sf*en  in  a  dttrk  iris  with  a  (,*ontr»ct©cl  pupil, 
nwinfTto  tf^eir  light  color  they  show  off  well  upjn  Vhe  lirown  background,  Thoiüeare 
hirrr/w»  of  the  iris;   so  called  because,  a»  the  iris  liecomca  narrower  dur- 
*n  of  the  pupil,  its  anterior  surface  is  disposod  in  folds,  and  depreasionii 
tilt?  folds  (/,  /,  Fig.  M3)  form  the  furrows  in  question,  at  the  bottom  of  which 
tna  of  the  iris  generally  cM^ntains  less  pigment,    WTien  the  pupil  contract«,  these 
e  smoothed  down,  and  the  furrows  open  out  and  are  then  easier  tci  be  seen. 

the  varying  dilatation  and  contraction  of  the  pupil  we  also  notice  a  change 

H»  rim  of  pigment  upon  the  pupillary  margin:   the  more  contracted  th«  pupil  is, 
21 
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the  broader  this  becomes;   on  the  other  hand,  when  the  pupil  is  strongly  dilated,  it 
disappears  entirely.     (Compare  Fig.  143  with  Fig.  57). 

When  the  pupil  is  very  much  contracted,  we  not  infrequently  observe  even  in 
normal  eyes  a  faint  tremulousness  of  the  iris  (iridodonesis),  which  otherwise  oocun 
only  in  dislocation  of  the  lens.  This  is  due  to  the  fact  that  with  a  contracted  pupil  the 
posterior  chamber  is  deeper  and  at  the  same  time  the  greatly  dilated  iris  is  considerably 
thinned — circumstances  both  of  which  favor  wavering  of  the  iris. 

The  retinal  pigment  layer  is  composed  of  two  strata  of  cells,  the  recognition  of  which, 
however,  is  rendered  very  difficult  by  their  profuse  pigmentation.  It  is  only  in  the 
embryo  (occasionally  also  in  the  newborn  infant)  and  in  the  albinotic  eye  that  the  two 
strata  can  be  clearly  distinguished  from  each  other  without  some  special  preparation. 
In  other  cases  we  must  first  decolorize  the  pigment  cells  artificially  by  some  bleaching 
process  (Fig.  144).  We  then  can  distinguish  the  two  strata  from  each  other  and  then 
also  established  the  fact  that  they  are  the  continuation  of  the  two  layers  of  the  second- 
ary ocular  vesicle  upon  the  posterior  surface  of  the  iris.  The  anterior  stratum  of  pig- 
ment arises  from  the  pigment  epithelium  of  the  retina.  From  the  anterior  portion  of 
the  protoplasm  of  these  cells  develop  the  fibers  of  the  dilatator  (Fig.  144,  m),  while  the 
nuclei  remain  in  the  posterior,  pigmentiferous  portion  of  the  cells  (v).  The  posterior 
stratum  {h)  is  the  continuation  of  the  retina  proper  (Fig.  167).  In  pathological  cases 
a  separation  not  infrequently  takes  place  between  the  two  strata,  because  they  are  not 
attached  with  the  same  degree  of  finnness  to  the  iris.  While  the  anterior  stratum  is  very 
intimately  adherent  to  the  posterior  surface  of  the  iris,  the  posterior  stratum  readily 
be3omes  separated  from  it  (in  Fig.  143  the  separation  has  resulted  accidentally  from  the 
dissection).  When,  for  example,  adhesions  of  the  posterior  surface  of  the  iris  to  the  cap- 
sule of  the  lens  (posterior  synechiae)  are  torn  away  the  posterior  stratum  is  left  as  a  black 
coating  upon  the  anterior  capsule,  while  the  anterior  stratum  remains  upon  the  iris. 
So,  too,  by  penciling  the  iris  we  can  easily  remove  the  posterior  stratiun,  leaving  the 
anterior  stratum  behind  upon  the  posterior  surface  of  the  iris.  Then,  when  we  make 
a  microscopical  examination  of  the  iris  that  we  have  penciled,  we  find  the  anterior 
stratum  intimately  connected  with  the  posterior  limiting  membrane. 

As  is  universally  known,  the  color  of  the  iris  changes  in  the  first  ye^rs  of  life.  Most 
children  are  born  with  a  deep-blue  tFHT"WCTfWI!HHcO!IfSIB^urTiuI^  and  is 

still  very  thin,  so  that  the  posterior  pigment  layer  is  seen  through  it,  having  a  bluish 
look.  With  increasing  age  the  stroma  becomes  thicker  and  thicker.  If,  while  this  is 
taking  place,  the  pigmentation  does  not  increase,  the  iris  simply  becomes  of  a  light 
blue  or  gray;  but  if,  simultaneously,  there  is  an  increase  of  the  pigment  of  the  stroma, 
the  iris  takes  on  a  brown  color.  The  transfornaation  of  a  blue  iris  into  a  brown  one  is 
sometimes  confined  to  a  part  of  the  membran^s^ÜBSt^pHy^ragfERnyäSSn^n  an' 
otherwise  light-coIoredJris.  Moreover,  the  iris  of  one  eye  may  be  blue  and  that  of  the 
other^  brown.  [This  is  called  hetjroSiffo'MnHSis.]  in  sucn  cases  the  eye  with  the 
lighter  iris  often  becomes  affected  with  cyclitis  and  cataract. 

The  color  of  the  iris  is  always  proportioned  to  the  pigmentation  of  the  rest  of  the 
body.    The  dark  races  always  have  a  dark  iris. 

(6)  Ciliary  Body, 
59.  The  ciliary*  body  is  brought  into  view  when  the  eyeball  is 
bisected,  and  the  vitreous,  the  lens,  and  the  retina  are  removed,  so  that 
the  uvea  is  everywhere  exposed.  The  spot  where  the  retina  is  torn 
away  anteriorly  is  marked  by  a  jagged  line — the  ora  serrata  (o,  o,  Fig. 
145).  Corresponding  to  this  there  is  a  change  in  the  coloration  of  the 
uvea,  which  behind  this  Hne  is  brown  (chorioid),  in  front  of  it  black 
(ciliary  body).    At  the  anterior  margin  of  the  black  zone  rise  the  ciliary 

*  From  cilia,  ta^hes.  because  of  the  fine,  radiating  folds.    The  oiliary  body  is  alao  oalled  eythm 
{ hence  cycutis )  from  «vicAo« ,  a  circle. 
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ment^d  cells.  The  two  layers  together  are  called  the  pars  cämria  retina:. 
They  pass  over  upon  the  posterior  surface  of  the  iris,  where  they  are 
converted  into  the  two  strata  of  the  retinal  pigment  layer  of  the  iris 
(pars  iridica  retinae,  v  and  hj  Fig.  144). 

The  place  where  the  iris  and  the  cüinry  bmiy  are  aUacked  to  the 
sdera  deserves  particular  attention.  We  can  readily  convince  ourselves 
that  the  iris  does  not  ari.se  from  the  sflero-norneal  junction,  hut  farther 
back,  so  that  the  most  anterior  portion  of  the  sclera  is  Htill  in  tiie  con- 
fines of  the  anterior  chamber*  The  connection  between  the  sclera  and 
the  root  of  the  iri8  is  made  by  means  of  h>ose  tissue  which  arises  at  the 
margin  of  the  cornea,  and  from  this  point  extends  backward  to  the 


Tta.  146,— PoKTios  or  a  Mkbitiiowal  Section  THRorüH  a  Cu^xamt  Pnoctcas,  Somswrat  Behind 
n»  Arcx.  Maenifi«!«!  240  •  I,  The  stroma  <if  the  ciliary  pro««e»,  S,  coojiiita  of  ddicat«  oonneclivi; 
>  in  which  Tie  the  hromi  nnit  very  thin-wallecl  bkHHi'VeiMelii,  ff,^  Succeeding  these  are  the  vttreoii» 
-,  I,  Mid  next  the  two  Uyer»  of  the  pars  cilitiri?  retitidc.  One  \»  the  piginent  In^f'r,  P,  repre- 
the  ooQtitiufttion  of  the  piimient  epiHuclium;  it«  c«db(,  on  aecount  of  their  d«H»p  |>i|cnientJiticia. 
_  »neither  their  nuclew«  Dor  their  crmRmr.  The  second  layer,  C.  which  i*  unpi^mented,  cMjiiHi^^tii 
df«  NAgle  etr&tum  of  cubical  cell:*,  representing  the  contintiätiän  uf  the  retina  proper. 

Irto.  147. — BiipcKf^iriiAL  Layers  of  the  Flat  Portion  (URBtctTL.U8  Ctliahxb)  of  THE  CiLf *iRT 
Botir  IM  MicBiPiovAi.  SKi-riON.  Mai^nifiert  270  -  1.  Taken  from  the  aatne  Nection  on  Fi^.  14tl,  Th^ 
6aUa  of  ihm  pigmeatv^  layer,  F,  of  the  ciliary  body  clip  iuto  the  «troma,  S,  of  the  latter  in  the  form 
«#  pfOCipaicai  wnieh  are  diih-Nhapcd  or  glanil'«haped  (but  contain  no  gland  cavity).  The  h|cht  are» 
iurrouiidixit  them  repreAentM  the  vitreous  lamina,  which  in  this  cai«e  if«  btit  indiKtmetly  viHibTe.  Th» 
aaili  of  the  •tiperficjal  non-pigtuentad  layer  C  are  here  louiger  and  eylindrical.  On  their  froa  antfueo 
lie  ihe  ftbars  of  the  aoniil^  of  Zinn. 


\ 


root  of  the  iris  (Fig.  148).  This  tissue,  which  is  called  the  Ugamentum 
'^(p$ciin€Uum,  fills  up  th?  angle  between  the  iris  and  the  eorneo-sclera, 
90  that  this  angle  is  roi.nded  off  into  a  sinus — the  sinus  of  the  anterior 
chamber.  Histologicalh  ,  the  tissue  of  the  ligamentum  pectinatum  is 
composed  of  öuperimpo.sed,  laminated  lamella^  which  i^tart  from  the 
margin  of  Descemets  membrane  and  run  backward  to  a  point  at  which 
the  most  posterior  of  them  serve  as  a  point  of  attachment  for  a  portion 
of  the  longitudinal  fibers  of  the  ciliary  muscle.  These  lamellap  consist 
of  trabeculje  inclosing  rounded  alveoli  (Fig.  149)  so  a*s  to  form,  when 
superimposed,  a  spongy  tissue  (Fig.  148).  Directly  to  the  outer  side  of 
them,  just  at  the  boundary  1>etween  the  cornea  and  sclera,  is  observed 
an  open  space,  representing  Schlemm's  canal  (sinus  venoeus  sclera?), 
whoee  inner  (posterior)  wall  is  thus  formed  by  the  ligamentum  pectinatum. 
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The  iris  and  ciliary  body  take  part  in  the  formation  of  the  two 
chambers  of  the  eye.  The  anterior  chamber  is  bounded  in  front  by  the 
cornea,  behind  by  the  iris  and  in  the  region  of  the  pupil  by  the  anterior 


Fio. 


C  -   T 

148. — Sinus  of  the  Anterior  Chamber. 


Magnified  83  X  1. 


ff,  the  most  posterior  layers  of  the  cornea;  S,  those  of  the  sclera.  The  boundary  between  the  two 
is  marked  by  the  elongated  lumen  of  Schlemm 's  canal.  On  the  posterior  surface  of  the  cornea  can  be 
neen  Desoemet's  membrane,  d,  with  its  endothelium.  It  ends  in  a  thinned-out  edge  and  just  before  it 
comes  to  a  stop  the  lamellae  of  the  cornea  which  lie  directly  in  front  of  it  can  be  seen  to  become  fibrilüted 
and  to  merge  into  tne  anterior  lamell»  of  the  ligamentum  pectinatum.  The  Ugamentum  pectinatum 
forms  the  posterior  wall  of  Schlemm's  canal  and  apparently  consists  solely  of  short  fragments  of  fibers. 
For  the  lamells  of  the  ligament  which  have  been  cut  transversely  by  the  section  appear  under  the  form 
of  fibers  which  must  show  an  interruption  at  all  spots  where  the  seotionnappens  to  enter  gaps  between  the 
lamellsB  (Fig.  149).  At  the  posterior  end  of  Schlemm's  canal  is  seena  bundle  of  circularly  directed  scleral 
fibers  (represented  of  lighter  tint  in  the  drawing),  which  are  divided  transversely  by  the  section,  and 
jut  out  obliquely  towanl  the  sinus  of  the  chamber  (scleral  spur).  To  the  anterior  surface  of  thi»  spur 
are  attached  the  anterior  lamells  of  the  ligamentum  pectinatum,  while  its  posterior  surface  serves  as 
a  point  of  attachment  for  the  longitudinal  bundles.  /,  of  the  ciliary  muscle.  The  posterior  lameJl»  of 
the  ligamentum  pectinatum  merge  directly,  without  any  interposition  of  scleral  tissue,  either  into  the 
longitudinal  or  into  the  radiating  fibers  (r)  of  the  ciliary  muscle;  the  most  posterior  (innermost)  la- 
mella of  the  ligamentum  pectinatum  curve  backwards  and  are  lost  in  the  delicate  tissue  of  the  root  of 
the  iris.  On  the  posterior  surface  of  the  iris,  /,  is  seen  the  posterior  limiting  membrane,  h,  whose 
fibers  can  be  followed  into  the  root  of  the  iris.  Behind  the  limiting  membrane  lies  the  retinal  pigment 
layer,  p.  r,  circular  fibers  of  the  ciliary  muscle;  in  front  of  them  is  the  cross  section  of  the  circulus 
arteriosus  iridi.s  major,  which  here  it*  very  small. 

capsule  of  the  lens,  and  at  its  margins  by  the  tissue  of  the  ligamentum 
pectinatum,  beneath  which  lie  Schlemm's  canal  and  the  anterior  border 
of  the  ciliary  body.     Even  under  normal  conditions  the  depth  of  the 
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anterior  chamber  is  variable.  It  is  greatest  in  the  eyes  of  the  young, 
and  diminishes  with  advancing  age,  Myopic  eyes  have  a  deep  anterior 
chamber,  hyperopic  eyes  a  shallow  one.  Even  in  the  same  eye  the  depth 
of  the  anterior  chamber  varies,  as  it  becomes  shallower  during  the 
accommodative  act  from  the  protrusion  of  the  anterior  surface  of  the 
lens.  The  j>a8ttrwr  chamber  is  produced  by  the  iris  not  being  in  contact 
\*ith  the  *'af>sule  of  the  lens  by  its  whole  posterior  surface,  but  tmly 
by  its  pupillary  margin.  Thus  an  open  space  is  left  between  the  iris 
and  the  lens,  which  increases  in  depth  from  the  pupillary  to  the  ciliary 
margin  of  the  iris,  and  hence  in  cross  section  has  a  triangular  shape. 
This  space,  the  posterior  chamber  of  the  eye,  is  bounded  in  front  by  the 


^^Xv 


Pto.  \4^. — LioAÄi»>rrt'M  Prctjwatiim  (SuarACt  Vikw),     Mjignifivd  700  X  I. 

Trab'^'f'itU.  Willi,  !•  -f..iU  n  lidicatety  fibrillar  structure,  inelose  idveoli,  the  lmrg«r  of  which  wr  dlip- 

tjicat,  it.                     !  <  IT  IciTijE  a\i<  lie^  ptirallc-l  to  the  maa^n  of  the  cornea.     Upon  Urn  wulls  of 

tfe«*f  iial  cA\si  pmvidf*!  with  nucleu*  aiui  i^ric«  protoptasmie  cell  body;  smill 

atfiH^h  .   tillMl  by  .""Uf h  wlis. 


iris  and  to  the  outer  side  by  the  ciliary  body,  while  its  inner  and  posterior 
wall  is  formed  by  the  lens  (X,  Fig.  143)  and  the  zonule  of  Zinn  t>^ ,  Fig.  J  43), 
the  latter  bridging  over  the  interspace  between  the  lens  and  the  ciliary 
body.     The  two  chaml>ers  communicate  only  by  means  of  the  pupil. 

The  ritiitry  munele  is  composed  of  smooth  muscular  fibers,  which  do  not  present  a 
compeict  mt%Bs  but  are  disposed  in  flat  bundles,  whieh  are  sepamtod  by  connective  tissue, 
and  wbieh  interlace  re|)eatedly  so  as  to  form  a  «irt  of  plexu«.  For  this  reason  there  is 
no  v^ell-rtmrkpd  sppjirntion  between  the  two  pi>rtions  of  the  eiliary  muöcle;  on  the 
contrary,  the  longitudinal  fibers  by  a  very  gradual  transformation  lierome  Ij^nt  so  as 
to  take  a  circular  direction.  Those  bundles  which  effect  the  transition  from  hliers  of 
one  dire«*tion  to  those  of  another  have  L>cen  denoted  by  the  name  of  radial  bundle»» 
(r.  Fi«s.  143  and  148). 

'Hie  proportion  l>et\vcen  longitudinal  and  cirnilar  fibers  varieai  according  to  the 
refractive  ntate  of  the  eye.  In  hypermetropic  eye*  the  circular  fil>er??  arc  strongly  devel- 
oped, w^hile  in  myopic  eye«  they  are  present  in  much  amaller  numbers  (see  |  145.  and 


n&,  377-^79). 
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The  region  of  the  angle  (or  sintLs)  of  the  anterior  chamber  demands  particular  con- 
sideration, both  because  of  its  complicated  anatomical  relations  and  also  because  of  its 
importance  with  regard  to  the  metabolic  processes  and  the  diseases  of  the  eye.  This 
region  was  studied  in  the  eyes  of  animals  before  it  was  in  human  eyes,  and  hence  names 
were  selected  at  that  time  which  are  still  in  vogue,  although  they  are  not  appropriate 
for  the  human  eye.  Thus  Hueck  introduced  the  name  ligamentum  pectinatum,  because 
he  found  in  the  eyes  of  the  ungulata  that,  upon  stripping  the  iris  from  the  sclera,  the 
tissue  that  united  these  parts  projects  in  a  series  of  ridges  resembling  the  teeth  of  a 
comb.  The  triangular  space  between  the  sclera  and  the  root  of  the  iris  which  is  filled 
by  the  ligamentum  pectinatum  is  also  called  Fontana's  space,  because  Fontana  was 
the  first  to  describe  the  rather  large  cavities  which  are  found  in  many  animals  between 
the  lamellae  of  the  ligamentum  pectinatum. 

The  ligamentum  pectinatum  is  covered  by  the  endothelial  layer  which  passes  over 
it  from  the  posterior  surface  of  Descemets  membrane  to  the  anterior  surface  of  the  iris. 
Through  the  gaps  in  the  lamellse  of  the  ligamentum  pectinatum  the  endothelium  passes 
from  the  surface  of  the  ligament  into  the  deeper  parts  of  it,  and  supplies  all  the  lamella 
and  trabeculfiß  of  this  spongy  tissue  with  an  endothelial  lining  (Fig.  149). 

The  Ugamentum  pectinatum  has  two  divisions  that  we  can  distinguish.  The 
anterior  is  the  one  which  runs  from  the  edge  of  Descemets  membrane  to  the  scleral 
spur  (scleral  portion  or  trabeculum  sclero-comeale).  The  posterior  division  consists 
of  those  lamellae  which  pass  over  into  the  delieate  tissue  of  the  sinus  of  the  chamber 
and  the  root  of  the  iris  (uveal  portion  or  trabeculum  sclero-ciliare). 

By  stripping  off  the  uvea,  together  with  the  ligamentum  pectinatum,  from  the 
comeo-sclera,  an  opening  is  made  into  Schlemm's  canal,  the  inner  wall  of  which  is  formed 
by  the  ligamentum  pectinatum.  It  is  then  visible  as  an  open  groove  running  along 
the  boundary  between  the  cornea  and  sclera — scleral  groove. 

The  anterior  surface  of  the  ciliary  body  belongs  in  part  to  the  region  of  the  anterior 
chamber,  and  in  this  portion  of  its  extent  is  covered  partly  by  the  most  posterior  lamell» 
of  the  ligamentum  pectinatum,  partly  by  the  delicate  tissue  of  the  root  of  the  iris  (Fig. 
148).  Hence  inflammatory  products,  and  especially  pus,  may  pass  from  the  ciliary 
body  directly  into  the  anterior  chamber,  traversing  the  tissue  of  the  ligamentum  pectina- 
tum as  they  do  so.  New  growths  also  sonietimes  take  this  path,  starting  from  the 
ciliary  body  and  growing  forward  into  the  anterior  chamber  in  the  region  of  its  sinus 
(Fig.  195). 

It  was  a  good  while  before  people  got  a  correct  idea  of  the  anatomical  relations 
existing  in  the  region  of  the  anterior  and  posterior  chamber,  and  even  at  the  present 
time  we  very  frequently  find  drawings  which  represent  these  relations  incorrectly. 
The  existence  of  the  posterior  chamber  was  for  a  long  time  contested,  it  being  supposed 
that  the  iris  came  into  contact  with  the  lens  by  its  whole  posterior  surface.  If  this  were 
the  case,  the  anterior  chamber  would  present  quite  a  different  shape,  since  it  would  have 
to  be  much  deeper  at  its  periphery  than  it  is.  This  state  of  things  is  actually  observed 
in  those  pathological  cases  in  which  the  iris  is  adherent  throughout  by  means  of  an 
exudate  to  the  capsule  of  the  lens.  The  iris  is  then  found  to  be  retracted  at  its  periphay 
much  more  than  usual  (see  Fig.  176). 

(c)  Chorioid. 

61.  The  chorioid*  is  that  part  of  the  uvea  which  lines  the  posterior 
section  of  the  eye  from  the  ora  serrata  to  the  aperture  for  the  optic 
nerve.    If  we  observe  it  in  situ,  after  opening  the  eyeball  and  removing 

*From  xopioti^K — i.  e.,  like  the  x6piov  (  =  Lat.,  coriutn).  This  latter  word  signifies  "skin,"  and 
not  merely  the  epidermis,  but  also  the  envelope  (chorion)  of  the  embryo  in  utero  ;  and,  in  fact,  it  is 
the  latter  that  the  chorioid  resembles,  from  its  abundant  supply  of  vessels.  This  word  is  also  errone- 
ously written  choroid  or  choroid. 
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the  vitreous  together  with  the  retina,  its  inner  surface  appears  smooth 
and  uniformly  brown.  Then,  if  we  try  to  strip  it  off  hum  the  solera, 
we  notice  that  at  several  t^ pots  it  is  attached  more  firmly  than  at  others. 
The  most  intimate  coniiectiun  is  at  the  marm^in  of  the  aperture  for  the 
»ptic  nerve;  in  addition,  loose  attachments  exist  in  the  places  where 
iressels  and  nerves  enter  the  chorioid  from  the  sclera,  and  especial ly  in 
the  region  of  the  jx>sterior  pole  (region  of  the  posterior  cihary  arteries) 
Uid  of  tlie  equator  (venae  vorticosie)-     When,  after  tearing  away  these 

jnnections.  we  have  separated  the  chorioid  from  the  sclera,  we  get  a 
new  of  the  outer  surface  of  the  chorioid,  which  has  a  shaggy  appear- 

ice  on  account  of  the  shreds  of  membrane  adhering  to  it. 


if 


Fio.  150.^ — Cbobs  Section  thuouqh  ttte  Crorioid.     Magnified  175  >   K 

Th«  chorioid  c«on*i*t!>i  of  the  wuprarhrtrioui,  t,  thp  liiyt»T  of  largv  vei*«elÄ,  //,  I  lie  lnver  of  mfdium- 
«MeK  i^S,  thp  chorio-r4ipiilarii<i,  R,  and  thp  iKttiiDU  vilrea,  G.  In  the  l&ypr  of  loj-ice  V4»j<«eli<  at« 
sable  »rl«rn».  A,  vcitiis  \\  and  piirni(Mit  reli*,  p.  Thp  inner  flurfoc«»  of  the  chioriuid  is  csovcred 
pigment  epithelium,  F,  it?  outer  surface  by  the  aciera,  §e. 


I 


Microscopical  Anatomy. — Tlie  chorioid  consists  of  five  layers. 
which  succeed  one  another  in  the  following  order,  proceeding  from  with- 
out inward: 

1.  The  supruchor laid  (s,  Fig.  150)  consists  of  numerous  minute  non- 
vascular but  richly  pigmented  lameHjie  lying  between  the  chorioid 
proper  and  the  sclera  (sc).  Upon  stripping  these  latter  apart  these 
lamellie  are  torn  in  two,  and  are  left  hanging  partly  upon  the  inner 
fiurface  of  the  sclera,  partly  upon  the  outer  surface  of  the  chorioid, 
which  thus  acquires  the  rough,  shaggy  aspect  above  mentioned. 

2.  The  layer  of  large  vessels  ( flauer)  (//,  Figs.  150  and  151).  These 
Ere  chiefly  veins,  which  are  placed  very  close  to  each  other  and  anas- 
tomose repeatedly.  The  intervals  between  the  vessels  (intervascular 
Bpaees)  are  richly  supplied  mth  pigment  cells  (p),  and  are  hence  of  a 
brown  color.     This  layer,  accordingly,  gives  the  same  appearance  upon 
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a  surface  view  aa  if  we  were  looking  at  a  plexus  of  bright  lines  (the 
vessels)  ypon  u  dark  ground  (Fig.  145).  This  is  a  picture  which  we  of  tea 
have  the  opportunity  of  seeing  with  the  ophthalmoscope  in  the  Uving 
eye  (tessellated  fundus,  see  Fig.  19). 

3.  The  layer  of  medium-Hized  vessels  (Sattler)  (Fig.  150,  S),  wbleh  la 
very  thin  and  but  slightly  pigmented. 
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Pfo.  15L— 'DtaafCTiON  of  the  Cborioip  uade  P^lballel  with  Tn£  BuiifACE.    Mngnified  37  X  I* 

Tb**  siaprachorioid  ha»  everywhere  been  stripped  off  Pinirl  the  picroent  epitheÜum  ha»  betai  rt^ 
moveit  by  peticiliiiK.  Furthermore  iri  the  area  marked  R.  (he  Inyer  of  large  vessels  was  removed  «i 
that  here  ine  pliorio-capillnriK  lies  exjioskpd.  At  //  where  the  layer  of  lari;e  ve«sel?i  is  Ptill  pr«i»enl,  tbfll 
larife  veins,  V  I'l,  which  nin  approximately  ptirallel  to  tjne  another,  appear  hke  hght-eolored  pcuwagfl*^ 
wayc.  twcauM»  the  interv'aaeular  ^piiee^  are  colored  dark-brown  by  the  pre^ienc©  of  nunjerou»  slelUl«'! 
pigment  celli*.  Some  veins  appear  to  have  a  blind  ending,  beeauN?  at  the  jioint  where  they  dip  dinAHl 
into  the  op£u:ii]e  tiwiie  they  gel  otit  of  view.  The  vein»  I'l,  bend?»  on  ilself,  enters  the  layer  of  medium'^l 
BiRed  veHselfi,  and  here  receive«  branches  from  th«  chorio^aiJÜlari«,  This  bent  pcirtion  of  the  vein  «adlJ 
«Ik}  the  capillaries!  are  fiUed  fvU  of  retl  liilotxl  etüTpiiötle»,  while  the  lar^e  vein»*  contain  but  few  corptui><| 
dtor.  Aji  a  rp-^ult  of  this  natural  injection  the  phi^rrio-cftpiMari'*  Mand^  out  with  special  diü*tibetn 
The  distension  with  blood,  howev^er^  is  nnt,  everywhere  alike,  and  for  xhxA  reawm  the  caRillarif»»  j 
upper  part  tif  the  drawin«  appear  thinner  arnl  M?paratei;l  by  wider  intervali*  than  in  the  low#  ' 
So  too,  the  blind  ending  of  Home  capillarieH  in  the  drawiuR  is  only  apparent,  beimic  due  to  the  fa 
in  this  »pjot  short  ^eemenis  of  the  eapillarie*  are  blo«xl]e«i*t  and  hence  in vjpible.  The  veins  on  ^ 
eotnincii  into  Ihe  chorio-captllarifl  at  once  divide  into  n  number  of  capillaries  and  thus  ytitiaU  vortie 
are  produ<»Kl.  The7*<?  are  f*een  in  the  eontintiaf  inn  of  the  vein  Ft  and  al*«o  at  W  W\  at  the  latter  i 
their  eontiuuaiion  into  a  iicnnll  vein  cannot  tie  steen  beeaime  the  latter  wo*  torn  off  when  Haner"^ 
was  rernove^i.  At  Ü  when  Hal]leT''H  layer  waa  reniovi>i'l  the  chorio-capillari-t  ai-wj  went  with  it,  i 
here  the  lamina  vitrea  alone  t#  present;  in  makinior  ihe  preparattoii  the  Inlter  wa*  somewhat  I 


4.  The  laij€T  of  capillaries  (chorio-capillaris,  or  membrana  Ruyschiij 
— although  it  was  not  discovered  by  Ruyseh — /?,  Figs.  150  and  15I)J 
This  consists  almost  exclusively  of  capillaries  which  have  a  very  wide 
bore,  and  at  the  same  time  are  so  clo.sely  packed  together  that  the 
interspaces  between  the  capillaries  are  often  narrower  than  the  capil- 
laries themselves.     This  layer  contains  no  pigment. 
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5.  The  lamina  vitrea  (or  lamina  basalis  G,  Figs.  150  and  151),  a 
homogeneouf}  membrane  coating  the  inner  «urface  of  the  chorioiJ. 

We  may  briefly  summarize  the  structure  of  the  chorioid  as  follows: 
The  chorioid  consists  mainly  of  vessels  which  are  arranged  according 
to  their  caliber  in  three  superimposed  layers,  in  such  a  way  that  the 
lun^et^t  vejsselb  lie  farthest  to  the  out.side,  the  smallest  vessels  farthest 
to  the  inside.  The  purpose  of  this  arrurigenieiit  is  easily  comprehended, 
since  the  chorioid  is  in  great  part  designed  for  the  nourishment  of  the 
retina  which  lie8  to  the  inner  side  of  it.  Hence  the  minute*st  vessels, 
the  rapillarias,  from  which  the  nutrient  plasma  of  the  blood  exudes, 
mui^t  lie  upon  the  inner  surface  of  the  chorioid.  The  vascular  part  of 
the  chorioid  is  covered  on  either  side  by  a  non- vascular  layer— i,  e,,  on 
the  outside  by  the  suprachorioid,  on  the  inside  by  the  lamina  vitrea. 
All  the  layers  of  the  chorioid,  with  the  exception  of  the  two  innermost 

Fio.  152. 


Fio.  153, 


Fl«i.  152, — Ch  no  »I  A  TO  mo  Bit«  or  ntr  f"- 

CDOorijE«  f'oo&c<!ti%-«-tiaaue  eelH,  with  tiuin' 
FiQ.  l.%3, — PtomxTED  Epitiikmal,  ' 
ffoo«!  «pilticlial  cell«»  with  piemen t^  gruDuk.--  * 


Mikgnifivd  (CXi  X  I .     They  atv  hranched,  snuto» 
nt  i|;ranules  and  an  unniKmontiod  iiucleu». 
I  fj    Uktina.     MttKnified  500 Xl      They  »re  hcxA« 
1  tiiipiKmi^iiled  nucleu*. 


on€!S— the  capillary  layer  and  the  lamina  vitrea— contain  pigment  inclosed 
in  branchial  pigment  cells  (chromatophurcs,  Fig.  152).  To  its  abundant 
mipply  of  pigment  the  chorioid  owes  its  tlark-i>rown  color.  The  inner  sur- 
face of  the  chorioid  is  covered  by  the  pigment  epithelium  (P,  Fig.  1.50) 
which  he»  upon  the  lamina  vitrea.  This,  too,  was  formerly  reckoned  in 
with  thtif  chorioid,  because  it  remains  attached  to  it  after  the  retina  has 
been  strippeil  off;  embryological  researches,  however,  have  shown  that 
it  really  belongs  to  the  retina.  It  consists  of  regular  hexagonal  cells,  each 
of  which  haj*  an  un[iigmented  nucleus,  while  the  protoplasm  contains  an 
abundance  of  pigment  granules  (Fig.  153).  From  this  the  entire  layer 
acquires  a  dark-brown  color. 

The  uvea  in  all  of  its  j>arts  is  very  rich  in  nert^es.  Th<^  ciliary  nerves 
gjet  to  the  uvea  by  piercing  the  sclera  near  it.s  posterior  pole.  They 
form  in  the  chorioid,  and  particularly  in  the  ciliary  muscle,  a  dense 
plexus,  in  which  numerous  gan  lion  cells  are  intercalated.  This  iris 
is  also  very  rich  in  nerves,  Init  contains  no  ganglion  cells.     The  iris  and 
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the  ciliary  body  contain,  in  addition  to  the  motor  nerves  designed  for 
the  ciliary  muscle  and  the  muscular  apparatus  of  the  iris,  a  very  great 
number  of  sensory  nerve  fibers  which  arise  from  the  trigeminus;  hence, 
inflammation  of  these  parts  is  frequently  attended  with  great  pain. 
The  chorioid,  on  the  contrary,  seems  to  possess  no  sensory  nerves,  since 
inflammation  of  this  membrane  runs  its  course  without  producing  any 
sensations  of  pain. 

The  chorioid  is  continuous  with  the  flat  part  of  the  ciliary  body  (orbiculus  ciliaris), 
which  possesses  essentially  the  same  structure  as  the  chorioid,  and  is  distinguished 
from  it  only  by  a  somewhat  different  arrangement  of  the  blood-vesseb,  and  also  by  the 
absence  of  the  chorio-capillaris,  which  ends  at  the  ora  serrata.  The  difference  in  color 
between  the  brown  chorioid  and  the  black  orbiculus  (Fig.  145),  so  striking  to  the  naked 
eye,  is  not  referable  to  a  difference  in  the  pigmentation  of  these  parts  of  the  uvea,  but 
to  a  difference  in  the  pigment  epithelium  which  covers  them  and  which  belongs  to  the 
retina. 

All  the  pigment  that  is  contained  in  such  abundance  in  the  interior  of  the  eye 
belongs  to  two  categories:  1.  In  the  tissue  of  the  uvea  itself  there  are  everywhere 
found  branched  cells  (according  to  Munch,  muscle  cells)  which  contain  pigment  gran- 
ules (Fig.  152).  These  are  the  chromatophores  (pigment  cells  of  the  stroma),  and  the 
pigment  contained  in  them  is  called  stroma  pigmentf  or,  because  it  lies  in  the  uvea  itself, 
uveal  pigment.  2.  The  inner  siu-face  of  the  uvea  is  everywhere  coated  with  a  layer  of 
pigmented  cells  belonging  to  the  retina  and  having  the  character  of  epithelial  cells  {pig- 
menl  epithelium,  Fig.  153).  This  pigment,  wluch  hence  lies  not  in  the  uvea  but  to  the 
inner  side  of  it,  is  called  the  retinal  pigment. 

These  two  kinds  of  pigment  are  further  distinguished  by  their  minute  structure. 
The  pigment  of  the  chromatophores  consists  of  small  amorphous  masses;  but  the  pig- 
ment granules  in  the  cells  of  the  pigment  epithelium  are  short,  rodnshaped  structures, 
which  should  probably  be  regarded  as  small  crystals,  such  as  occur,  very  distinctly 
marked,  in  some  of  the  lower  vertebrates. 

The  pigmentiferous  cells,  including  both  of  the  chromatophores  and  the  cells  of 
the  pigment  epithelium,  are  similar  in  all  eyf»s,  but  the  amoimt  of  pigment  which  they 
contain  varies  greatly.  To  this  fact  is  due  the  inequality  in  the  pigmentation  of  eyes; 
if  the  cells  contain  no  pigment  whatever  the  eye  is  albinotic. 

(d)  Blood-vessels  of  the  Uvea. 

62.  Three  systems  of  blood-vessels  exist  in  the  eye — that  of  the 
conjunctiva,  that  of  the  retina,  and  that  of  the  uvea  (ciliary  system  of 
vessels).  The  arteries  of  the  ciliary  system  are:  1.  The  posterior  ciliary 
arteries.  These  arise  from  the  ophthalmic  artery,  and  enter  the  in- 
terior of  the  eye  through  the  sclera  in  the  region  of  the  posterior  pole. 
The  majority  of  them  pass  at  once  into  the  chorioid  (short  posterior 
ciliary  arteries,  c,  c,  Fig.  154  and  Ab,  Fig.  155).  Two  of  them,  however 
(the  long  posterior  ciliary  arteries,  d,  Fig.  154,  Al,  Fig.  155),  run,  one 
on  the  outer  side,  the  other  on  the  inner  side,  between  chorioid  and  sclera 
as  far  forward  as  the  ciliary  muscle.  Here  each  divides  into  two  branches, 
which  run  in  a  direction  concentric  with  the  margin  of  the  cornea,  and 
unite  with  the  branches  of  the  artery  of  the  opposite  side  to  form  an 
arterial  circle,  the  circulus  arteriosus  iridis  major  (Fig.  154,  A,  Fig.  155, 
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^iiiKi,  and  Fig,  143,  a).    This  gives  off  the  arteries  for  the  iris,  which 

Et  end  radially  from  its  ciliary  to  its  pupillary  margin  (Fig.   154»  i), 

rtly  liefere  they  reach  the  latter  they  form  liy  auii^tomosei»  a  second, 


Fin,  164.— Bi.ooD-YDft*LL*  or  rum  Et«  {Bcmzuktic),     (Aft«T  LctM*r). 

TIm  fWtinat  MUMUm  of  v^*4trU  u»  derived  from  ihe  c^cnrrai  art«ry,  a,  niitl  thr  (^fklral  v<?in.  oj,  of  lli* 
le  Pirv^i  which  give  off  th«  retiiml  arteheA,  b,  and  th«  rutinAl  vt-tnn,  b\,     Theee  cnA  mi  the  am  «nr* 
tmca.  Or. 

Tim  «vfl^ifn  of  riliary  vma»*U  i^  fed  by  the  «hort  po!(t«rior  cJUftr>'  tirteries,  e*  c,  the  lung  posterior 
«ilinrv   afti.Tte's,  d,  an*t  fbr  iutt<*rior  c;iliary  *ricri(«,  *,     From  the^  Rric»>  i?>»'  vf)-<cultfcr  network  of  the 


ItAV«  the  eye  ft* 


fcetui»,  fi«  fxuiju uuUVtt, 


'<f  the  eilitiry  bo*l>%  g,  ami  the  cifcuhL*  u^ 
I  the  iri««,  t,  wtufh  iit  tht«  le«»fr  [miterj  < 
uMr,  k.     The  veiii-1  of  the  in.>-,  m,  i»f  rh. 

ri,  /;  ^ome  veiRÄ,   u«  1  '  I 

'■\n\  e\.     With  (he  latt- 
-v7ji  winj'istp  of  the  po«t*" 
*»f  the  atiteriur  ciliary  vc^o^tU  wlu. 
.'t»,   p,  and  form  with  lhe*e  the  nr. 
,    »clera;   A^  ehorioid;  A\    rt^finik;   /, 


I'ii^  rn&jor»  h.     From 

f«  of  the  latter  foiTn 

,  and  of  the  chorioid 

inf  from  the  rihftrj-  mui»c]e 

ritijil,  n,  foriDfl  animtomoi^ea, 

ikl  v*^seli*.  o  and  oi.     The«« 
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smaller  vascular  circle,  the  circulas  arteriosus  iridis  minor  or  the  smaB 
circle  of  the  iris  (Fig.  154,  A-,  Fig,  155,  Cimi).  2.  The  anterior  ciliary  1 
arteries  come  from  in  front,  arising  from  the  arteries  of  the  four  recti 
muscles  (Fig,  154,  e,  Fig.  155^  Aa).  They  perforate  the  sclera  near  the 
margin  of  the  cornea  and  help  to  form  the  circulu^  arteriosus  iridis  major 
The  short  posterior  ciliary  arteries  are  therefore  designed  mainJy  for 


Cima- 


-Pc 


-Oc 


Vv 


-Ch 


Ab 


Ab 


Fio.  155. — BLOOD-vF:«tiiaji  or  the  Uvea  (CiHAay  ÖYaTEM).     (Bcbematic),     i^ After  Leber), 

In  ihe  rt'gäou  fnirroutidinff  the  optic  ni»r\'e,  Oi  the  whort  posterior  cihary  arteries,  Ah,  enter  the 
choritiidi,  CA,  and  end  in  the  anterior  «eKinBOt  of  the  latter.  In  the  horiiotitiil  meriilian  of  the  eye  th 
Ion«  ptwterior  ciliary  artery,  Ai^  runs  to  the  orbicuJu^«  ciliarin,  Or,  ami  here  divides  dichotomouaty  tt 
form  the  circuUin  nrt*rioj*i}8  iridi«  major,  Cima.  Braiiehes  of  the  anterior  ciliary  arteries,  Aa,  9\»o  tttln 
part  in  ffirniiniic  the  i^ireulun  major,  while  other  brariche«  nm  l;*ii«kward>*  into  the  chonoid  to  meet  I 
branches  of  the  «liort  pontexior  ciJiary  arteries.  The  circulu«  artenOi^u.H  iridis  major  jfivif«*  oil  the  i 
utin«  arteries  of  the  in*»  /,  and  th^e  near  tfie  pupillary  Jxirder  of  the  iris  form  the  tireuluM  arlr- 
iridii  minor,  Cimi.  On  the  riisht  »ide  of  the  drawinji  the  ciliary  muf«ele  is  Hiiippo!*pdl  to  be  detar* 
that  the  abnndnnt  va»teular  network  of  the  eihnry  prooe4*sci»,  Pc.  comes  into  view.  From  th 
numerous  veiij»,  o,  run  within  the  orbictüu»  ciliarkH,  at  first  par&Uel  with  each  other  afterward  c^ 
ine,  baek  to  the  veiue  vortico«P.  Vv,  to  which  a)*o  pass  the  veins  from  the  posterior  acffmenl  t 
ehorioid. 


the  chorioid,  the  long  pogiterior  ciliary  arteries  and  the  anterior  ciliary 
arteries  for  the  ciliary  body  and  the  iris.  Some  recurrent  branches  of 
the  latter»  however^  also  supply  a  portion  of  the  anterior  segment  of  the 
ehorioid.  ^H 

The  arrangement  of  the  veins  is  essentially  different  from  that  of« 
the  arteries.     In  the  chorioid  the  capillary  network  of  the  chorio-capiU 
lariö  (Fig.  154,  /)  is  fed  by  the  arteries  directly.    The  blood  from  this  flows 


agh  a  very  great  number  of  veins  that  keep  uniting  to  form  larger 
larger  trunks.     A  number  of  tliese  trunks  simultaneomly  converge 

common  center,  where,  consequenUy,  a  sort  of  whorl  or  vortex 
,  155,  Vv)  is  produced  by  veins  coming  together  from  all  sides, 
le  vortices,  the  number  of  which  amounts  to  four  at  least,  usually 
*,  lie  somewhat  behind  the  equator  of  the  eye;  from  them  are  given 
he  vena?  vortieoste^  which,  perforating  the  sclera  in  a  very  oblique 
rtion,  carry  off  the  blood  to  the  outride  (Fig.  154,  0- 
In  the  ciiiary  processe«  the  arteries  break  up  into  a  great  number 
mg!8,  which  pass  over  into  thin- walled  veins  (g^  Fig.  154).  These 
titute  the  greater  part  of  the  ciliary  procasses,  which,  accordingly, 
ist  mainly  of  vessels.  The  larger  veins  (Fig.  155,  Vv)  wdiich  are 
led  by  the  union  of  these  vessels,  and 
most  of  the  veins  of  the  ciliary  muscle, 
backward  to  the  venae  vorlicossB.  The 
K  that  run  back  from  the  ins  (/,,  Fig. 

likewise  pwa^  to  the  vena?  vorficosüB. 
|j|!Älmost  all  the  venous  blood  of  the 
rSßpties  into  the  latter.  A  portion  of 
veins  coming  from  the  ciliary  muscle 
Fig.  154),  however,  take  an<jther  course, 
ley  pass  out  directly  through  the  sclera 
thus  come  into  view  beneath  the  con- 
tiva,  near  the  margin  of  the  cornea 
erior  ciliary  veins, Fig,  154, e^).  In  their 
Be  these  correspond  to  the  anterior  cili- 
arteries,  but  have  a  much  smaller  area 
imification;  it  is  they  that  principally 
titute  the  violet  vessels  which  w^e  see 
iing  backward  beneath  the  conjunctiva 
Pig.  (>6)  in  ciliary  injection  or  in  stasis  within  the  eyeball  (glaucoma). 

anterior  ciliary  veins  anastomose  with  the  conjunctival  veins  and 
with  Schlemm 's  canal.  The  latter  is  a  venous  ring  (sinus)  running 
g  the  sclero-comeal  junction  (Fig,  154,  n;  Fig.  148). 

rhe  blood-veeöcls  of  the  eye  belong  for  the  moet  part  to  the  region  of  the  uvea. 

Lhts  fttf  t  which  determfiios  Uie  pürt  played  hy  the  Ifliter;  for,  while  the  firm  rorneo- 

i  serves  for  the  protection  of  the  eye  exteriorly  and  the  retiim  for  the  pereeption 

ht,  to  the  uveÄ  is  aUotteti  the  ta^k  of  providing  fnr  the  rifjurishnient  of  the  eyeball 
in  tiie  abundance  of  blood -vessels  whieh  it  contains  that  it  really  c<)nsL8tÄ  niainly 

em;    and  hy  this  fact  it«  great  tendency  to  Ijecome  inflamed  ia  accounted  for. 

The  separate  branches  of  the  cihary  system  cif  veösels  anastomose  repeatedly  with 

cither— a  circnrnstance  whirli  favors  the  coniponsat  ion  of  circulatory  disturbances. 

J  for  jnsfAnee,  in  glaucoma,  in  wfiich  the  outflow  of  venous  blood  tlirough  the 
vorticoBtt*  is  inifjeded,  we  see  I  \w  anterior  ciliary  veins  taking  their  place  and  cany- 

ff  larger  quantities  of  \4iKid  than  usual. 

n»e  ciliary  vessels  hkewlse  Kuppjy  tJte  sclera  with  blood,  giving  off  a  few  minute 
to  it  as  they  pass  thrfuigh  it.  Ttre  nunilwr  of  blood-vessels  in  the  sclera,  how- 
is  very  ßmalb  Nevertheleas,  in  the  immediate  neighborhood  of  the  entrance  of 
nerve,  from  two  to  four  branches  of  the  short  posterior  ciliary  arteries  enter 


Fig.  156 

From  the  outer  and  lower  moTKUi 
of  the  papilla  n<^f  a  eilio- retinal  artery 
(a),  m&kifis  a  tiocjk-likc  bend.  In  tht4 
catte  it  \»  larger  than  upiual  brcau»e 
it  ia  de^tini^fl  to  rpplaci»  lUe  maio  iti- 
f^ro-externai  branch  tmferior  («»mpi'tral 
branch)  of  the  wntral  artery,  which 
branch  in  wanting. 
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the  sclera  and  fonn  in  it,  by  anastomoses,  an  arterial  ring,  Zinn*8  sdaral  drde  of  veuek 
(Fig.  18),  surrounding  the  foramen  for  the  optic  nerve.  This  is  of  importance  for  the 
nutrition  of  the  optic  nerve,  because  numerous  little  branches  go  from  it  to  the  optic 
nerve  and  its  sheaths,  and  anastomose  with  the  branches  of  the  central  artery  of  the 
nerve.  It  is  here,  then,  that  the  only  connection  between  the  ciliary  and  the  retinal 
system  of  vessels  exists. 

It  not  infrequently  happens  that  individual  branches  arising  from  the  scleral 
circle  ot  Zinn,  instead  of  remaining  in  the  optic  nerve,  make  a  bend  and  leave  the  nerve. 
They  then  enter  the  retina  and  run  in  it  toward  the  macula  lutea.  These  vessels,  which 
are  called  cilio-retinalj  ordinarily  supply  with  blood  a  small  district  of  the  retina  lyiDg 
between  the  papilla  and  macula  (Fig.  156). 

By  opticch-dliary  veins  we  mean  veins  that  branch  off  from  the  central  vein  of  the 
optic  nerve  or  from  one  of  its  ramifications,  and^ASS  over  the  head  of  the  optic  nerve 
into  the  chorioid  (Elschnig). 

IL  The  Pupil. 

63.  The  iris  forros  a  diaphragm  which,  as  in  the  case  of  many  optical 
instruments,  is  interposed  between  the  refracting  portions  of  the  eye.  It 
has  a  double  task  to  perform:  it  prevents  an  excessive  gmoimt  of  light  from 
entering  the  eye  and  so  dazzling  it  and  injuring  the  retina,  and  it  cuts  off 
the  marginal  rays.  These  are  the  rays  that  pass  through  the  periph^y 
of  the  cornea  and  of  the  lens,  and  which,  being  less  regularly  refracted, 
would,  unless  arrested,  impair  the  sharpness  of  the  retinal  image.  In  order 
to  be  perfectly  impermeable  to  light,  the  iris  has  a  pigment  layer  on  its 
posterior  surface.  The  iris  has  the  advantage  over  the  artificial  diaphragms 
of  optical  instruments  that  its  size  changes  spontaneously  to  suit  the  cir- 
cumstances of  the  case.  For  this  purpose  there  exist  contracting  fibers 
(sphincter  pupillse)  and  dilating  fibers  (dilatator  pupillse). 

The  contraction  of  the  pupil  is  governed  by  the  oculo-motor  nerve, 
which  supplies  the  sphincter  pupill»  (and  also  the  ciliary  muscle)  through 
the  ciliary  ganglion  and  the  ciliary  nerves.  By  stimulation  of  the  oculo- 
motor nerve,  contraction  of  the  pupil  is  produced;  by  its  section  or  paralysis, 
dilatation  of  the  pupil. 

Dilatation  of  the  pupil  is  dependent  upon  the  sympathetic,  which  de- 
rives the  fibers  destined  for  the  pupil  from  the  cilio-spinal  center  of  the  cer- 
vical spinal  cord.  Irritation  of  this  center  or  of  the  cervical  sympathetic 
produces  dilatation,  and  paralysis  of  it  contraction  of  the  pupil. 

Lastly,  the  vessels  of  the  iris  are  of  moment  in  determining  the  width 
of  the  pupil,  since  by  their  distention  the  iris  is  widened  and  the  pupil 
consequently  contracted,  and^ce  versa. 

The  reaction  of  the  pupil  takes  place  involuntarily  and  unconsciously. 
It  is  either  reflex,  in  which  case  the  stimulus  is  transmitted  from  centripetal 
nerve  channels  to  the  nerves  of  the  iris,  or  it  is  associated,  in  which  case  the 
pupillary  fibers  of  the  oculo-motor  nerve  are  set  into  action  simultaneously 
with  other  fibers  of  the  same  nerve. 

The  reflex  action  of  the  pupil  is  set  in  action — 

1 .  By  li^ht.  This  produces  contraction  of  the  pupil,  while  conversely 
afi  the  illumination  diminishes  the  pupil  dilates.    The  reflex  arc  in  this  case 
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p&acies  through  the  optic  non^e  to  the  anterior  corpus  quadrigeminum, 
thence  to  the  nucleus  of  the  oculo-motor  nerve^  and  then  along  this  acrve 
to  the  eye.  The  reaction  for  light  always  affects  both  eyes — i.  e.,  if  the 
li  ■  '  -  -  int^  one  eye  alone,  the  pupil  of  the  other  eye  also  always  contracts 
<i  ual  reaction).     The  reaction  taken  place  in  both  eyes  in  exactly 

the  same  way — that  is,  appears  at  the  same  time  and  reaches  the  same 
pitch.  The  reaction  of  the  pupil  to  light  is  exceedingly  sensitive,  and  is 
employed  with  great  advantage  to  determine  objectively  whether  an  eye 
ha^  any  sensation  of  light  or  not  (particuiarly  io  children,  malingerers,  etc.). 

2*  Toward  sensory  stimuli ^  n^  mat  ter  what  part  of  the  body  they  affect, 
the  pupil  reacts  by  dilating.  Hence,  in  deep  sleep,  and  also  in  profound 
aaroosis,  in  which  sensor>^  stimuli  no  longer  produce  reflexes,  the  pupil  is 
ver>'  much  contracted,  dilating,  however,  the  moment  that  waking  from 
the  sleep  or  from  the  narcosis  occurs.  Strong  psychic  stimuli — e.  g,, 
friglit— in  Uke  fashion  produce  dilatation  of  the  pupil. 

The  associated  reaction  of  the  pupil  always  consists  of  a  amtraction. 
It  occurs  in  conjunction  with  cffumrgence,  h  e.,  in  synerg>^  with  the  contrac- 
tion of  the  internal  recti.  Since  under  physiological  conditions  every  act 
of  accornmodolion  is  accompanied  by  a  corresponding  convergence,  and  the 
contraction  of  the  pupil  keeps  pace  with  it,  too>  w*c  have  here  as  a  regular 
thing  a  uniftjrm  consentaneous  action  \yi  the  sphincter  pupil  lie,  the  ciliary 
muscle,  jmd  the  internal  rectus.  These  nuiscles  are  all  supplied  by  the 
oculo-n^otor  nerve,  so  that  their  associattnl  action  depends  upon  a  simulta- 
neous excitation  of  the  portion  of  this  nerve  that  supplies  them. 

Since  the  pupil  reacts  to  stimuli  of  so  many  kinds  and  varying  so 
greatly  in  degree,  it  is  in  a  state  of  constant  motion.  But  in  every  case  the 
pupWs  of  the  two  eyes  are  equally  large.  Ineciuality  of  the  pupils  is  always 
a  pathological  phenomenon.  [See,  however ,  page  374.)  The  mean  width 
of  the  pupil  differs  with  the  individual  and  also  alters  with  the  age-  Very 
gr^*atly  contracted  in  new-born  infants,  the  pupil  soon  becomes  more  dilated, 
and  then  becomes  smaller  again  in  manhiwd,  anrl  still  more  in  old  age.  In 
old  people,  also,  the  reaction  of  tho  pupil  becomes  sluggish,  in  consequence 
of  the  un^aekling  character  of  the  tissue  of  the  iris,  and  especially  of  the 
sphincter  (rigidity  of  the  sphincter). 

64-  Reaction  of  the  Pupil  to  Poisons. — ^There  are  poisons  which  act 
to  stimulate  the  terminals  of  the  autonomous  ner\^ous  system  in  general, 
L  e.,  m  the  eye  stimulate  the  terminals  of  tlie  oculo-motor  nerve  in  the  iris 
and  cihar>'  l>ody,  and  there  are  other  poisons  which  act  in  an  antagonistic 
way  upon  the  same  nerves,  i.  e.,  paralyze  them.  The  poisons  of  the  mus- 
carine group  (including  besides  muscarine,  eserine  and  pilocarpine)  stimu- 
late, and  atropine  and  its  congeners  paralyze  the  interior  muscles  of  the 
eye.  The  first  named,  therefore,  cause  contraction  of  the  pupil  or  miosiö* 
and  are  hence  called  miotics,  the  second  cause  dilatation  of  the  pupil  or 


•  Frofn  tk*i*t9i%,  tontrnrtjoo;  hcnrcy  miniBiii,  &nd  not  tnyoau,  b«  it  is  f^^tiorafly  writtei»  ( HirBchtH»f||>. 
Tbt  (irn%^»tion  of  tt\t^pnun%  i«  unrcrUiti.  Thi»  word  wn*  «Irvudy  u»mi  by  the  »ncicüit»  to  «ixJufy 
«ilU|»Uoii  of  tb«  pupil«  Atitl  blsu  the  blindnpn  that  is  so  frequently  a««uciiiied  «ritti  it 
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mydriasis  and  are  called  mydriatics.  In  the  iris,  however,  there  is  also  a 
dilatator  which  is  supplied  by  the  sympathetic  and  by  whose  contraction 
mydriasis  is  likewise  produced.  Hence  to  the  mydriatics  in  the  wider  sense 
of  the  term  belong  also  those  poisons  which  stimulate  the  terminals  of  the 
sympathetic  nerve,  namely,  cocaine  and  adrenalin.  The  physiological 
action  of  these  poisons  upon  the  eye  will  be  considered  here;  their  thera- 
peutic application  will  be  found  on  page  58. 

1.  Atropine  paralyzes  the  nerve  terminals  in  the  sphincter  and  the 
ciliary  muscle,  and  hence  is  followed  by  dilatation  of  the  pupil  and  also 
by  an  inability  to  accommodate.  The  dilatation  of  the  pupil  is  a  verj»^  con- 
siderable one.  If,  in  the  case  of  a  dilatation  of  the  pupil  caused  by  oculo- 
motor paralysis,  atropine  is  instilled,  the  pupil  becomes  still  more  dilated, 
because  the  atropine  abolishes  the  tone  of  the  muscular  fibers  of  the  sphinc- 
ter. The  effect  of  the  atropine  makes  its  appearance  in  from  ten  to  fifteen 
minutes  after  the  instillation,  and  soon  [in  two  or  three  hours]  reaches 
its  maximum.  Commencing  with  the  third  day  it  begins  to  decrease  again, 
but  does  not  disappear  completely  until  after  the  lapse  of  a  week  [or  longer]. 
Quite  as  long  lasts  the  disturbance  of  sight  which  is  caused  by  the  dilata- 

1"  tion  of  the  pupil,  but  mainly  by  the  paralysis  of  the  accommodation,  and 
hence  makes  itself  apparent  most  of  all  in  near  vision  (causing  inability 
to  read). 
Other  mydriatics  are  hyoscyamine  and  scopolamine  and  the  much 
feebler  acting  homatropine,  euphthalmine,  and  eumydrin. 

2.  Eserine  (also  called  physostigmine)  has  an  action  exactly  the  oppo- 
site of  that  of  atropine,  since  it  places  the  sphincter  iridis  and  the  ciliary 
muscle  in  a  state  of  tonic  contraction.  Consequently,  miosis  develops  so 
that  the  pupil  is  about  the  size  of  a  pin's  head,  with  adjustment  of  the  eye 
for  the  near  point,  as  if  marked  myopia  were  present.  Serine  diminishes 
the  intra-ocular  pressure  somewhat.  [See  page  18.]  Pilocarpine  acts  in 
a  similar  way  but  less  energetically. 

The  action  of  miotics  is  of  shorter  duration  than  that  of  the  mydriatics, 
and  is  also  less  powerful.  Hence  a  pupil  contracted  by  eserine  or  pilocari)ine 
can  be  dilated  by  atropine,  but  a  pupil  dilated  by  atropine  can  not  l^e  con- 
tracted by  a  miotic. 

3.  Cocaine  dilates  the  pupil — not,  however,  as  in  the  case  of  mydriatics 
proper  by  paralyzing  the  sphincter  pupillse,  but  by  contracting  the  dila- 
tator. The  dilatation  of  the  pupil  is  therefore  only  a  moderate  one  [but 
considerable  if  a  strong  solution  or  repeated  instillations  are  used],  and 
the  reaction  of  the  pupil  to  light  persists;  moreover,  mydriatics  and  miotics 
still  produce  an  effect.  If  cocaine  is  instilled  into  an  eye  the  pupil  of  which 
has  been  dilated  by  atropine,  the  dilatation  increases  somewhat;  hence 
the  mydriasis  produced  by  the  simultaneous  action  of  atropine  and  cocaine 
is  the  most  considerable  that  can  possibly  be  attained.  The  accommoda- 
tion is  not  paralyzed  by  cocaine,  but  only  somewhat  weakened. 

Besides  acting  upon  the  iris,  cocaine  produces  also  the  following  eflfecti*: 
The  conjunctiva  becomes  very  pale,  and  at  the  same  time  the  patient  has 
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a  feeling  of  cold  [and  drynt*s.s]  in  the  eye.  The  palpebral  fissure  is  more 
wiclely  open  and  the  net  of  winking  is  less  frequent.  Sometimes  the  eye  is 
pixitnided  somewhat  forward  and  the  int radicular  tension  slightly  dimin- 
iebed.     The  practieally  important  phenomenon,  however,    is   the   ana^s- 

Kia  shown  hy  the  superficial  tissues  of  thiu^ye  (cornea  and  conjunctiva). 


ti 


Fio,  157. 

KompiMjrV  AppurutuH  f«r  cl<?(crniinms  ihf^  rcÄctioo  of  the  pupil  when  n  itnall 
!  'JO  a  limited  pxiriion  of  thr  relinii.  Spccinllv  employed  to  dftrrriiin«  Ih» 
on  ii  100).      (After  Poiwy  and  SpUltT) 


The  eflfects  of  cocaine  are  best  explained  upon  the  assumption  that  it 
acts  a^  a  Simulant  to  the  fibers  of  the  sym()athetic.  The  contraction  of  the 
Vi^ssels  thus  pr<»duced  causes  the  jjullor  of  the  f'(>njnnctiva.  The  sympu- 
thetic  also  innervates  the  musculus  tarsalis  superior  antl  inferior  (see  §  1Ü6) 
and  the  dilatator  pupilla?,  and  the  contraetion  of  these  muscles  causes  the 
tiilatation  of  the  palpebral  fissure  ami  of  the  pupiL    The  amesthesia  of  the 


Fifi    U>8. 
Clmilnr  pupil loTu*^ti*r.      (After  Pottey  «nd  Sp4Mer.) 


iBarface  of  ilie  eyeball  has  nothing  to  do  with  the  sympathetic,  but  depends 
I    m  the  paralysis  of  tlrie  sensory  n*'rves. 

I  Fur  the  other  alkaloids  l>elt»nj!^ng  to  the  cocaine  group  see   page  01, 

I  4.  Adremiline.    The  extract  of  the  8Ui>rart^na!  capsules  stimulates  the 

\    muscle  fibers  supplied  by  the  sympathetic.    Instilled  into  the  eye  it  causes 
[great  and  immediate]  contraction  of  the  blood- vesst^ls,  while  the  dilatation 
of  the  pupil  due  to  contraetion  of  the  dilatator  pupillae  oecurs  in  special 
only. 

The  width  of  tin*  inxpil  may  be  affect^xl  by  piin-ly  inrrliarüfal  factors.    This  is  the 

for  instanfo,  with  the  contrai-tion  of  the  pupil  that  rejcülarly  Qccurs  when  the 

csc-ttpe-^.     ThJ5  oi^ntraclTon  h  of  prut^tical  imiMjrtanxjc  ia  the  performance  of 
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many  operations.  When,  for  instance,  we  perform  discission  of  cataract  through  the 
cornea,  we  take  care  not  to  let  the  aqueous  escape,  since  the  consequent  contraction 
of  the  pupil  would  expose  the  iris  to  greater  pressure  from  the  swelling  lens.  That  this 
contraction  owes  its  origin  to  purely  mechanical  causes,  is  deduced  from  the  fact  that 
it  occurs  even  in  the  eye  of  a  dead  man  when  the  aqueous  is  let  out. 

[The  width  of  the  pupil  may  be  measured  with  an  ordinary  flat  scale  or,  bett€r, 
by  comparing  its  size  with  that  of  a  circular  aperture  of  known  diameter.  A  disk  coih 
taining  a  series  of  such  apertures  is  called  a  pupiUometer  (Fig.  158).  The  disk  or  scale 
must  be  held  very  close  to  the  eye  in  order  to  give  results  of  any  accuracy.  A  better 
instrument  is  Priestley  Smith's  keratometer  (Fig.  159),  which,  as  its  name  implies,  is  also 
used  for  measuring  the  cornea. — D.] 


IFiQ.  159. — Priestley  Smith's  Keratometrh.     (After  Posey  and  Spiller.) 

This  consists  of  a  lens  containins  a  millimetre  scale,  B,  B.  If  the  observer  places  his  eye  st  tbe 
focus  of  the  lens,  A,  and  looks  through  it  at  any  object,  as  the  cornea  or  iris,  C,  the  sixe  of  the  Utter  will 
be  given  accurately  by  the  number  of  divisions  that  the  object  appears  to  cover  on  the  scale. — D.j 


DikUatian  of  the  pupil  manifests  itself  by  a  sense  of  dazzling.  Sometimes  patients 
also  allege  that  objects  appear  smaller  (micropsia).  This  phenomenon,  however,  does 
not  depend  on  the  dilatation  of  the  pupil,  but  on  the  paralysis  of  acconunodation,  which 
is  generally  present  at  the  same  time,  and  is  therefore  also  observed  when  the  latter 
alone  is  present.    (For  its  explanation,  see  Paralysis  of  Accommodation,  §  151.) 

In  contraction  of  the  pupüj  sometimes — ^i.  e.,  if  spasm  of  acconmiodation  is  at  the 
same  time  present — objects  appear  larger  (macropsia).  Moreover,  obscuration  of  vision 
is  often  complained  of,  because  less  light  enters  the  eye  through  the  contracted  pupil. 
In  very  marked  miosis,  whether  occurring  after  the  employment  of  miotics  or  appearing 
spontaneously  (e.  g.,  as  the  result  of  tabes),  the  pupil  is  frequently  found  to  be  irregular 
and  slightly  angular,  although  no  synechia)  are  present. 
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The  reaction  of  the  pupil  to  light  is  a  very  valuable  sign  of  the  presence  of  perception 
hi:  in  the  first  place,  because  it  is  exceedingly  sensitive;  and,  secondly,  because  it 


-  PftpU 

^—  A  reonnfUMlatüm 
•'  Cöfirer^mce 


Fio.  160. — Schematic  Repbeskntation  op  the  Optic  Pathway. 


Im  field  of  vision  common  to  the  two  eyes  is  oomptj^ed  oi  a  right  htdt  O,  »tid  a  Left  Irnif,  Ü\.  The 

corresponds  to  the  left  halves,  I  and  /i,  of  the  two  r«tiiisp.  ihc  latter  to  ibe  riith*  haJvw.  r»Dd 
le  dividing  line  between  the  two  halves  of  the  n»tijia  is  fcii-nied  by  toe  vertical  meridüin.  Thi» 
through  the  fovea  centralis,  /,  in  which  the  visual  linejj  O")  dniwn  from  the  poiat  of  fiiation, 
inses  upon  the  retina.  The  optic-nerve  fibers  arb^inn  fmm  the  riffht  UbIvea,  r  and  f|,  of  the 
tiiue  (indicated  by  the  dotted  line)  all  pass  intc  üio  rigbt  qptic  truct,  T,  while  the  hben  bc^» 
;  to  the  left  halves,  I  and  l\,  of  the  two  retinae  pas>.  into  tmct  Tu    Ttie  fiber»  of  each  optic  inct 

most  part  pass  to  the  cortex  of  the  occipital  ktht-,  B.  form  in  A  GtHtioUt'e  aptte  nuLiaikin,  Ä'- 
aller  portion  of  them,  m,  ((oes  to  the  oculo-motor  nuclei]»,  A'.  Tbiit  conAidtä  of  a  »erieai  of  par- 
dei,  the  most  anterior  of  which  sends  fibers,  P.  to  the  ptipil  (sphincter  kidifl);  the  ni^t  one 
äbers.  A,  to  the  muscle  of  accommodation;  and   rhr  third  sendn  liben,  C,  to  the  cvm verging 

(internal  rectus,  t).  All  three  bundles  of  fiber?  run  to  the  eye  in  l&e  trunk  of  the  ocllIq* 
nerve,  Oc.    Division  of  the  optic  tract  at  qa  or  at  fi^  produtea  right  h^miöpia:  and  id  the 

case  thc»re  would  be  no  reaction  to  li^ht  on  Ulun  •  >'  ■:  l'  the  left  half  of  tiil  -  -  >■  i  ,1.  Division 
chiasm  at««  produces  tenipoml  hemiopia.    Div  1  iht«  fibers^.  iw,  vk\<  rtactiim  of 

pO  to  light,  but  leave*«  the  si^ht  and  alHO  the  associated  contraction  of  the  pupil  in  1 
on  and  convergence  unaffected. 
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demonstrates  the  existence  of  perception  of  light  independently  of  the  statements  of 
the  patient.    Its  usefulness  is  still  further  enhanced  by  its  disclosing  in  the  pupib  of     j 
both  eyes  (through  the  consensual  reaction)  the  perception  of  light  by  one  eye.    How     ! 
is  this  conaenstiol  reaction  effected?     From  the  retina  of  each  eye  the  pupillary  fibers      I 
like  the  fibers  subserving  vision,  pass  through  the  optic  nerve  into  the  chiasm.    There, 
like  the  visual  fibers,  they  undergo  semidecussation.     Hence,  from  the  retina  of  the 
right  eye,  (Ä,  Fig.  160)  fibers  pass  through  the  chiasm  partly  into  the  right,  partly  into 
the  left  optic  tract  (Fig.  160,  T  and  T^,    From  these  the  stimulus  is  transmitted  directly 
to  both  right  and  left  oculo-motor  nuclei  {K  and  K^)  then  each  nucleus  sets  up  a  con- 
traction of  the  pupil  on  its  own  side.    The  consensual  reaction,  therefore,  is  really  as 
direct  as  is  the  pupillary  reaction  of  the  illuminated  eye  itself. 

The  result  of  the  consensual  reaction  is  that  under  normal  conditions  both  pupik 
must  be  of  equal  diameter,  even  if  only  one  of  the  eyes  is  exposed  to  the  impact  of 
liglit,  or  if  the  sensitiveness  of  the  two  eyes  to  light  is  different.  Inequality  of  the 
pupils  {anisocorid)  is  always  pathological.  [Yet  according  to  a  number  of  observers 
anisocoria  may  occur  in  those  who  are  perfectly  healthy  or  who  at  most  suffer  from  & 
functional  neurosis.  In  such  cases  it  may  be  transient.  In  this  non-pathological 
anisocoria,  which  is  probably  quite  rare,  the  pupils  are  round,  and  the  pupillary  reactions 
are  perfectly  normal — ^a  feature  which  distinguishes  it  from  most  cases  of  pathological 
anisocoria.  (Uhthoff). — D.]  For  the  reasons  given  anisocoria  can  never  take  its  origin 
from  the  centripetal  fibers  (optic-nerve  fibers),  but  is  always  caused  by  a  disturbance  in 
the  centrifugal  channels  (oculo-motor  nerve  and  its  center  or  its  connections  with  the  sym- 
pathetic) [or  by  purely  mechanical  causes,  such  as  adhesions  or  rupture  of  the  iris. — D.] 

(As  a  matter  of  fact  when  only  one  eye  is  illuminated,  the  pupil  of  this  eye  is  some- 
what narrower  than  that  of  the  eye  which  is  not  illuminated,  perhaps  because  in  addition 
to  the  reflex  contraction  on  the  illuminated  side  there  is  also  a  direct  contraction  due 
to  the  illumination  of  the  iris  tissue  itself.  In  lower  animals  the  pupil  even  in  an  excised 
iris  contracts  distinctly  to  light,  and  the  same  thing  is  true,  though  to  a  very  slight 
extent,  of  the  human  iris  also.  However,  the  difference  between  the  two  pupils  when 
unequally  illuminated  is  so  slight  in  man  that  it  can  be  demonstrated  only  by  precise 
methods  of  measurement,  and  in  practice  we  may  hold  fast  to  the  statement  above 
made  that  any  inecjuality  of  the  pupils  is  to  be  regarded  as  pathological.) 

Contraction  of  the  pupil  to  light  is  greatest  when  the  light  falls  on  the  fovea  cen- 
tralis; stimulation  on  peripheral  pK)rt.ions  of  the  retina  by  light  is  followed  by  but  slight 
contraction  of  the  pupil.  The  width  of  the  pupil  is  not  precisely  proportional  to  the 
quantity  of  light  that  enters  the  eye,  but  is  the  same  with  light  of  the  most  varying 
degrees  of  intensity,  so  long  as  the  intensity  of  the  light  remains  uniform.  When  this 
intensity  changes  the  pupil  alters  its  diameter  accordingly,  but  if  the  light  is  maintained 
at  this  new  intensity  the  pupil  gradually  returns  to  its  former  diameter  wh^i  the  retina 
has  become  completely  adapted  to  the  new  intensity. 

The  mean  diameter  of  the  pupil  is  often  normal  in  those  cases  in  which  the  sight 
is  very  much  reduced  because  a  portion  of  the  fibers  conveying  visual  impressions  have 
been  destroyed  by  inflammation  or  compression  of  the  optic  nerve.  We  conclude  from 
this  that  the  fibers  for  the  pupil  are  more  resistant  than  the  fibers  conveying  visual 
impressions  (Schirmer).    [See  also  page  375.] 

In  testing  the  perception  of  light  by  the  reaction  of  the  pupils,  we  must  not  lose 
sight  of  the  fact  that  there  are  cases  in  which,  although  the  perception  of  light  is  present, 
the  reaction  is  absent;  and,  conversely,  cases  in  which,  with  good  reaction,  there  b  yet 
no  perception  of  light. 

(a)  The  cases  in  which  the  pupil  does  not  react  to  lights  although  the  perception  of 
light  is  present,  arc  frequent.  They  may  have  the  following  causes:  (1)  Changes  in 
the  iris  itself;  such  as  inflammatory  swelling,  adhesion,  increase  of  tension,  laceration 
in  the  sphincter,  atrophy  of  the  tissue,  etc.  (2)  Disturbances  in  the  motor  portion 
of  the  reflex  path,  i.  e.,  in  the  oculo-motor  nerve.  Under  this  head  belong  paralysis 
of  the  oculo-motor  terminals  in  the  iris  itself  produced  by  mydriatics,  and  paralysis  of 
the  trunk  of  the  oculo-motor  nerve  or  of  its  nucleus  of  origin.  In  all  the  cases  above 
mentionofl  the  synergic  reaction  with  convergence  and  acconunodation  is  impaired  or 
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^ along  with  the  light  roucrion  {nhfutiiutt  \nr  hUttJ]  iridoplegia).     (3)  Dw- 

llNUice  in  Ibat  portion  of  the  reflex  path  wliioli  Ues  between  ita  centripetÄl  limb 
pile  nerve)  and  its  centrifugal  Umb  (oculo-niotor  nerve)  (Fig,  164,  m).  We  then 
mI  th*t  the  reaction  for  accommoflation  and  convergence  ia  retained,  while  the  re- 
Upm  for  Ufcht  has  disiippCÄTod  {Argyll-Roberttion  pupil  or  reßes  iridople{ßa) ,  This  is 
|P  fr^qu(*nt  in  tabes  and  progressive  paret^is  and  \a  go  rare  in  other  nen^ous  diseasiefi 
B  it  fiiniishes  an  important  tliagnostic  evidence  that  one  of  the.se  two  diseases  is 
lent  or  iin]>en(iin^.  In  these  cases  it  is  often  associated  with  a  marked  contraction 
^ic  piipi!  (so  called  spinal  miiisis),  but  is  also  f«mnd  at  times  with  a  normally  wide 
ipil,  In  case  the  diagnosis  is  doubtful  the  state  of  the  pupil  is  often  of  imimrtanre — ij 
tdulute  iridoplegia  with  dilated  pupil  being  rather  an  evidence  of  cerebral  hies,  andij 
Bex  iridopiepa  with  contract«!  pupil  an  evidence  of  tabes  or  general  pari'sis.  |j| 

(6)  It  »Lso  happens  thai  the  rtxu-tkm  ttf  iht^  pupil  to  light  in  present,  wiihmt  thrrfi^ 
f  peretption  of  light,    Tim  occurs  when  (he  lesiun  is  situated  high  up  in  the  optic 
.    The  fibers  of  the  optie  nerve  iiscend  to  the  cerebral  liemispiicres  and  terminal «' 
( C90ti^x  of  t!ie  occipital  lobe  {H^  Fig.  lliO).    But,  s»nne  time  before  this  takes  place, 
I  fibm  im)  of  the  refteJC  arc  which  pas»  to  the  cc^ntcr  for  the  puj^illary  movements 
^  off  fn>m  the  optic  tract.     If,  then,  the  opfic  j>athway  is  intemifjtcd  above  the 
btre  they  are  given  off  U\  g.^  at  <  ♦  ),  stimulation  of  the  optic  ner^^e  fibers  no  longer 
be»  tlie  cerebral  fortex  and  henee  excites  no  ijcrcf^ption,  mid  yet  the  pupillary  reflex 
regxilarly  producetl.     The  same  thing  w*mld  happen  if  the  cerebral  cortex  iUself 
through  some  lesion  incajmcitatixl  for  ijcrfoniiing  its  functions.     In  thew  cases. 
T\  the  lesion  of  tlie  optic  pathway  woidd  have  to  be  bilateral,  as  otherwise  hemi- 
nd  not  blindness  would  be  pn^ent  (We  §  KM)).    For  this  reason  it  is  clear  why  such 
k  which  blind nc«s  exists,  even  though  the  examination  of  the  eye  gives  negative 
the  reaction  of  the  pupil  to  light  is  pi-es<Tvcd,  are  very  rare  (occurring,  for 
pmic  araaurf^is»  8fH>  ^  9(if,  so  that  under  lh(»se  circumstances   our  first 
I  be  of  simulation  or  of  hysteria,  and  we  would  examine  for  these  conditions 
however,  do  occyr,  although  ver>^  rarely  indeed,  in  whit^h  the  rtniction  of 
jjupll  to  light  is  retained  allhotigh  the  eye  is  completely  blind,  and  this  muy  occur 
whe*n  the  blindness  is  evidently  due  to  rlisejus**  of  the  optic  nerve  itself  (Wllbrand 
^RHcnger).    This  cjin  only  be  ex])lainetl  on  the  h\i)othi^Ls  above  statetl  (jiage  374) 
the  fihf*r«  for  tlie  conduction  of  the  light  reflc^x  are  more  resistant  than  those*  con- 

visuid  impressions.    I  Imve  seen  one  such  case. — D.] 
In  general,  the  pupil  dilatt^  upon  the  apfVlication  of  sin^aory  stimuli.    An  exception 
I  rule  ii*  when  the  stimuli  act  intensely  upon  the  eye  itself.    In  this  case  the  pupil 
nets,  and  does  so  in  con^^equence  of  the  hyperx»mia  of  the  iris  pnxluced  by  the 
imuliLs  {sec  §  öt>),     [Tliis  is  probably  the  explanation  of  the  miosis  that  iioroelimt?« 
llts  from  the  apphcation  of  ttionin. — DJ  * 

If  a  man  is  told  to  clcjisc  the  eye  tight,  but  at  the  same  time  by  holding  the  ltd  apart. 
ntä  it  from  c^losing,  we  »ei^  tiie  pupil  contract.    This  phenomenon  comes  out  most 
\\y  with  pupils  wliich  otherwise  are  rigid-^i'/  rmdion  of  the  pupil   (Yon  Gracfe). 
if  in  a  darkened  room  we  jilace  a  source  of  light  tfi  one  side  of  the  eye  and  make  the 
^raoo  upon  whom  we  are  experimenting  look  straight  ahead  into  the  darkness,  hb 
ipil  is  dilatcfL    If  then  we  direct  the  person  to  concentrate  his  attention  on  the  light 
It  bout  looking  at  it,  that  is  while  maint^ning  a  straightforward  gaze,  the  pupil  con- 
(cürtiaü  reflex  of  llaab). 
IWe  tewt  the  associated  or  convergence  rcnction  (conlraction)  of  the  pupil  by  making 
fit  look  first  at  distance,  then  quickly  at  a  near  object— In-ing  careful  that  the 
Lion  is  the  same  in  both  cases.     The  contraction  is  not  due  to  accommodation, 
I  to  occur  when  the  patient  accommodates  without  converging. 
For  the  method  of  testing  the  light  reaction  see  page  75. 

^The  dilutation  oj  the  pupil  pro^luced  by  homntropinc  usually  just  equals  that  pr<i- 
I  by  atropine  in  the  same  subject.     The  pupil  is  5  to  9  (usually  7  to  8}  mni.,  and 
kerally  widest  in  |jen»ons  15  to  25  and  narrowest  in  thoftc  over  45,     When  homa- 
opine  in  2»per-cent.  scihjiit>n  is  repeatedly  instillctl^  mydntisis  begins  in  10  to  15  min- 
its  maximum  in  30  to  50  minutes.     The  light  reaction  disappears 
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usually  in  25  to  30  minutes,  sometimes  not  till  much  later,  and  may  not  disappear  at  alL 
The  mydriasis  generally  lasts  at  least  48  hours.  The  effect  of  homatropine  on  the  pupil 
bears  no  constant  relation  to  its  effect  on  the  ciliary  muscle.  A  good  deal  of  accommo- 
dation may  be  left  when  the  pupil  is  wide  and  the  light  reaction  abolished;  and  the 
accommodation  may  be  almost  gone  when  the  pupil  is  quite  small. 

Cocaine  furthers  absorption  of  mydriatics  and  miotics,  especially  in  inflamed 
eyes.— D.] 

III.  Development  of  the  Eye. 


65.  The  eye  develops  from  a  pouch  which  forms  on  each  side  of  the 
first  cerebral  vesicle.  The  pouch,  which  is  called  the  primitive  ocukw 
vesicle  (Fig.  161,  a),  remains  in  connection  with  the  cerebral  vesicle  by 
means  of  a  pedicle,  which,  at  first  broad,  afterward  more  narrow,  becomes 
subsequently  the  optic  nerve  (6).  Its  surface  is  covered  by  the  ectoderm 
(E  E),  Upon  this  ectoderm,  at  a  point  corresponding  to  the  apex  of  the 
ocular  vesicle,  there  soon  forms  a  thickening.  This  is  the  first  rudiment  of 
the  lens,  and  the  way  in  which  it  is  formed  is  that  the  ectoderm  here  grows 
thicker,  becomes  folded  upon  itself,  and  forms  an  everted  pouch  directed 
toward  the  ocular  vesicle  (L,  Fig.  162).    This  pouch  deepens,  and  finally 

becomes  shut  in  in  front  so  as  to  form  a 
closed  sac,  the  lens  vesicle  (L,  Fig.  163). 
The  lens  is  accordingly  an  epithelial 
structure,  being  a  derivative  of  the  exter- 
nal germinal  layer,  and  in  the  beginning 
consists  of  a  hollow  vesicle,  which  after- 
ward becomes  filled  up  by  the  growth  of 
its  cells  ancf  is  converted  into  a  solid 
sphere. 

In  proportion  as  the  ectoderm  at  the 
site  of  the  primitive  lens  pushes  against 
the  ocular  vesicle,  the  surface  of  the  latter 
becomes  more  and  more  indented.  Thus 
a  flask-shaped  structure  with  double  walls 
is  formed  out  of  what  was  pnce  a  round 
sac  (Fig.  163).  This  is  called  the  sec- 
ondary ocular  vesicle^  which  is  hence  the 
primitive  ocular  vesicle  that  has  been 
invaginated  and  thus,  so  to  speak,  redu- 
plicated. From  the  ocular  vesicle  is  sub- 
sequently formed  the  retina,  which  thus 
must  be  looked  upon  as  an  isolated  por- 
tion of  the  brain  itself.  The  exterior  and  interior  layers  of  the  secondary 
ocular  vesicle  become  differentiated  early.  In  Fig.  165,  the  interior 
layer,  r,  is  seen  to  be  already  considerably  thicker  than  the  exterior, 
p,  although  the  latter  also  consists  of  several  rows  of  cells.  The  exterior 
layer  later  becomes  composed  of  a  single  row  of  cells,  takes  up  pigment 
(Fig.  166),  and  ultimately  becomes  the  pigment  epithelium,  which  there- 


Fio.  161. — Section  throuoii  the  Embrt- 
ONic  Ete  at  a  Pebiod  of  Develop- 
ment   COBRESPONDINQ    TO    THAT    OF    A 

Human  Embryo  of  Twenty-one  Days. 
Magnified  100X1. 

The  primitive  ocular  vesicle,  o.  is  a  pro- 
trusion fronvthe  first  cerebral  vesicle,  b, 
from  which  n  is  separated  bv  a  shallow 
constriction.  It  is  surrounded  by  the  cells 
of  the  mesoderm,  M,  over  which  passes  the 
ectoderm,  B,  consisting  for  the  most  part 
of  a  single  layer  of  cells. 
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i  lightly  count/ed  in  with  the  retina.  Tho  interior  layer  (r)  soon  gets 
^Horpass  the  exterior  one  considerably  in  thickness,  especially  at  the  pos- 
rior  portion  of  the  eye,  where  its  cells  acquire  a  radial  arrangement  ami 
i-elop  into  the  retina  proper.  The  aoterior  margin  of  the  ocular  vesicle, 
tiere  the  two  layers  become  continuous,  corresponds  to  the  margin  of  the 
ipil  in  tlie  fully  develo|>ed  eye  (Fig.  167). 

At  the  time  when  the  indenting  of  the  ocular  vesicle  by  the  lens  takes 
;>lace,  the  latter  completely  fills  the  cavity  of  the  vesicie,  no  vitreous  cavity 
ret  existing.    The  formation  of  the  latter  ca\ity  is  effected  by  the  push- 
in  (»f  vessels  betwt^en  the  ocular  cup  and  the  lens  and  fjy  the  develop- 
at  of  the  tissue  of  the  vitreous.    The  vessels  are  derived  from  the  meso- 
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Fio.  162. — S«cTiON  THBocon  TUB  EumiroNir  Etb  at  a  Period  or  Dcvslopmbnt  CoBHKiii»o>f»- 
or  A  HrnAN  Embkyo  or  Twenty-two  to  Twkj«tt-threb  Datb.     Magnified  UXIXI. 
_   mftde  *(BClion  pansip«  throufi^h  the  fetal  ocuUr  fistture.     The  ectoderm,  £.  dip»  in  somt?- 
\  «it^  of  f  h^  rudiiiM»ntar>'  letn»*  ^.  *trif|  beside«!  ia  thiokeacd,  b^ing;  mAd<*  up  htm  of  iieveral 
r  nf  "^»        f""  '-     T  indinjc  lo  thi»  in-dipping,  the  ocubr  vewde^  f».  present»  an  indentation  in  il« 


itly  converted  into  the  oc-ular  oiip,  the  inner  wall,  r,  of  which  üubMMiuently 

»uter  wall,  p.  becoming  the  piirment  epithelium.     The  inieriof'  of  the  ocular 

,   the  fir«!  cerebral  veüidtv  h,  ihroujeh  the  rudimentafy  optic   nervct  o.     The 

wall  of  the  ocular  cup  w<  wanting  below,  beeau«e  the  fetal  ocular  cleft  i«  Ml* 

rm.  tn  which,  near  the  lower  edge  of  the  rudimentary  len«»  can  be  «een  th« 

niiry  ve*sei 


,  which  surrounds  the  ocular  vesicle  (Fig.  161,  M),  and  which  makes 
its  way  into  the  interit>r  of  the  latter  through  an  opening — the  fetal  ocular 
deft— in  its  Itnver  side.  Even  as  early  as  the  tirne  when  thf^  ocular  vesicle 
JÖ  undergoing  invagination  so  jls  to  form  a  flask,  we  notice  that  at  one  spot 
it8  lower  side  the  wall  of  the  flask  is  altogether  deficient  (Figs.  152  and 
).  Here,  then»  a  fissure-like  defect  exists  in  the  wall  of  the  flask,  a  defect 
ich  is  continued  backward  U|X)n  the  pedicle  of  the  ocular  vesicle  (the 
tie  nerve)  in  the  form  of  a  furrow  (Fig.  1(>4).  Through  this  fissure 
isels  together  with  some  mesodermal  tissue  gradually  grow  from  the 
täide  into  the  interior  of  the  eye,  pushing  a  way  in  betweea  the  retina 
td  the  lens. 

The  development  o£  the  tissue  of  the  vitreous  takes  place  from  the 

ills  of  the  inner  !ayt*r  of  the  wular  vesicle,  i.  e,,  from  the  part  that  aft^^r- 

becomes  the  retina,  and  mainly  from  its  most  anterior,  or  ciliary, 
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portion.  In  proportion  as  the  vitreous  develops,  the  lens  pushes  away  from 
the  bottom  of  the  ocular  cup  and  against  its  anterior  wall. 

The  cleft  in  the  optic  pedicle,  which  represents  the  continuation  of 
the  ocular  cleft  backwards  (Fig.  164),  also  becomes  united  later  on  by  the 
growing  together  of  its  walls,  and  thus  shuts  oflf  the  vessels  which  lie  at  it* 
bottom.  These  are  converted  into  the  central  vessels  of  the  optic  nerve, 
since  the  fibers  of  the  optic  nerve  develop  along  the  course  of  the  optic 
pedicle. 

In  the  early  stages  of  development  not  only  is  there  no  vitreous,  but 
the  anterior  chamber  also  is  wanting.  The  lens  which  has  budded  out  from 
the  ectodermal  lining  lies  in  direct  contact  with  the  latter.  Then  the  meso- 
derm grows  in  from  all  sides  at  the  anterior  margin  of  the  ocular  cup 


FlO.  163.-^ECTION  THROUGH  THE  EmBRTONIC  EyE  AT  A  PERIOD  OP  DEVELOPMENT  COBKKSPOinh 
INQ    TO   THAT   OF   A    HuMAN    EmBRTO    OF   TwENTY-FOCR   TO    TWBNTT-FIVE    DaT8.  Magnified  100  XI' 

The  section  here  depicted  does  not  pass  through  the  fetal  ocular  cleft,  so  that  the  secondary  ocular 
vesicle  appears  as  a  complete  cup;  the  more  so  since  the  jportion  of  ectoderm,  B,  representing  the  nidi« 
inentary  lens,  L,  has  become  invaginated  further  than  m  Fig.  162.  In  the  bottom  of  the  depression 
occupied  by  the  lens  there  lies  some  cell  detritus,  and  between  the  lens  and  the  inner  wall  of  the  ocular 
cup  are  seen  a  few  cells  derived  from  the  mesoderm,  M.  In  one  or  two  spots  in  the  mesoderm  are  vis- 
ible the  cross  section  of  capillaries.    O,  rudimentary  optic  nerve. 

between  ectoderm  and  lens.  In  this  mass  of  mesodermal  tissue  there 
afterwards  develops  a  slit,  which  is  the  anterior  chamber.  The  portion 
of  the  mesoderm  lying  in  front  of  the  slit  forms  the  cornea,  its  posterior 
portion  fprms  the  iris  and  pupillary  membrane. 

The  arrangement  of  vessels  in  the  embryo  is  essentially  diflferent  from 
that  in  the  adult  eye.  Most  of  the  vessels  of  the  embryonic  eye  are  given 
off  from  the  central  artery  of  the  optic  nerve.  This  continues  its  course 
as  the  arteria  centralis  corporis  vitrei  or  arteria  hyaloidea  (Fig.  166), 
through  the  vitreous  to  the  posterior  pole  of  the  lens,  lying  in  the  central 
canal  of  the  vitreous  (canalis  hyaloideus  seu  Cloqueti).  Furthermore,  as 
it  enters  the  eye,  the  central  artery  of  the  optic  nerve  gives  oflf  lateral 
V)ranchos  which  form  an  arterial  network  in  the  peripheral  portions  of  the 
vitreous  (vasa  hyaloidea  propria — not  yet  present  in  the  eye  that  is  repre- 
sented in  Fig.  166),  and  likewise  extend  forward  to  the  margin  of  the  lens. 
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The  initio  txuxik  of  the  arteria  centraüs  corporis  vitrei,  upon  arriving  at 
the  pcjsterior  pole  of  the  lens,  tli video  into  branches,  ramifying  over  the 
posterior  ^turfaoe  of  the  leni*  and  running  forward  to  the  margin  of  the 
latter,  where  the  anterior  extremities  of  the  vasa  hyaloidca  propria  unite 
with  them  and  form  a  specially  dense  network  of  vessels  surrounding  the 
bonier  of  the  lens.  In  front  of  the  equator  of  the  lens  branches  run  to  this 
vascular  network,  which  come  round  the  anterior  border  of  the  ocular  cup 
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from  that  portion  of  the  mesoderm  which  afterward  forms  the  iris.  They 
demst  in  covering  also  the  anterior  capsule  of  the  leas  with  a  vascular  net- 
.work.  Among  the  vessels  dcrivetl  from  the  iris  are  found  veins  a-s  well  a*s 
teries,  and  these  veins  provide  for  the  escape  of  all  the  blood,  since  all  the 
vessels  going  to  the  lens  are  arteries.  The  lens  in  the  fetal  eye  is 
_  ingly  surrounded  by  a  vascular  membrane,  the  tunica  vasculasa 

lentiSi  which  in  the  region  occupied  by  the  pupil  bears  the  name  of  pupillary 


380 


TEXT-BOOK  OF  OPHTHALMOLOGY. 


membrane  (membrana  pupillaris,  P,  Fig.  167),  while  its  remaining 
portion  is  known  as  the  membrana  capsularis  (C,  Fig.  167).  The  tunica 
vasculosa  lentis  disappears  in  the  last  two  months  before  birth,  although 
scattered  remnants  of  the  pupillary  membrane  are  quite  frequently 
found  still  present  in  newborn  infants. 


Fig.  166. — Section  through  an  Eye  at  a  Period  of  Development  Correspondino  to  that  of  a 
Human  Embryo  in  the  Middle  of  the  Third  Month.    MagnifiaH  73  x  1. 


The  envelope  of  the  ocular  vesicle  is  formed  of  mefloderm,  and  in  its  anterior  eegment  oonaists 
of  the  cornea,  which  contains  an  abundance  of  nuclei  throughout  and  is  8ei>arated  by  a  particulariy 
marked  accumulation  of  nuclei  from  the  posterior  segment.  In  this  posterior  segment  no  delimita- 
tion between  sclera  and  uvea  has  as  yet  taken  plaqe.  The  uvea  will  d(^elop  from  the  inner  layers, 
which  are  distinguished  by  containing  more  nuclei — ^a  characteristic  which  is  continued  over  into  the 
hindmost,  or  uveal,  layers  of  the  cornea.  At  a  ]X)int  corresponding  to  the  anterior  margin  of  the  ocu- 
lar vesicle  the  mesoderm  projects  into  the  interior  of  the  eye,  and  from  the  free  border  of  the  ring- 
shaped  process  thus  formed  (constituting  what  is  later  the  iris)  rise  two  delicate  vascular  membranes 
which  surround  the  lens,  constituting  a  sort  of  vascular  lenticular  capsule.  Into  the  hinder  of  these 
two  membranes  the  hyaloid  artery  enters  at  a  point  corresponding  to  the  posterior  pole  of  the  lens. 
This  artery  rises  from  the  central  artery,  C,  of  the  optic  nerve.  Of  the  two  lamin»  composing  the 
secondary  ocular  vehicle,  the  external,  or  pigment  epithelium,  has  been  reduced  in  its  posterior  part  to 
a  single  layer  of  cells,  while  in  its  anterior  portion  tliere  are  still  several  cell  layers  present  which  have 
already  taJcen  up  pigment.  The  inner  lamina,  or  retina,  consists  of  numerous  lavers  of  cells,  the  nu- 
clei of  which  show  a  partially  radial  arrangement.  In  the  immediate  vicinity  of  the  optic-ner\*e  en- 
trance can  be  seen  the  way  in  which  one  lamina  is  reflected  into  the  other.  The  anterior  point  of  reflee* 
tion  corresponds  to  what  is  later  the  pupillarj^  margin  of  the  iris.  The  lens  is  of  mi  almost  spherical 
shape;  its  antero-posterior  diameter,  m  fact,  is  actually  somewhat  larger  than  its  equatorial.  Upon 
the  anterior  surface  of  the  lens  lies  the  epithelium,  which  still  consists  of  several  layers  of  cells;  ana  no 
distinct  lens  capsule  has  yet  been  differentiated.  In  the  region  of  what  is  later  the  eouator  of  the  lens 
the  epithelial  cells  are  growing  out  into  lens  fibers,  -which  are  still  nucleated  throughout,  and  take  a 
sagittal  direction.  The  posterior  surface  of  the  lens  is  destitute  of  epithelium,  Miaifl  covered  by  an 
extremely  delicate  capsule.     Tlie  vitreous  cavity  is  very  small.     L,  Li,  the  eyelids  growing  out. 


The  vessels  of  the  retina  develop  by  growing  out  from  vessels  that 
branch  off  from  the  central  artery  at  the  optic-nerve  entrance  and  push 
on  into  the  fiber-layer  of  the  retina,  while  the  vessels  of  the  vitreous,  pre- 
viously present,  undergo  obliteration. 
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mesoderm  that  envelops  the  ocular  vesicle  forms  through  its 
BT  layers  the  cornea  and  sclera,  and  tiirough  its  inner  layers  the 
B.  The  most  anterior  portions  of  the  latter — i,  e.,  the  ciliary  body 
,  iris — arise  from  that  layer  of  the  mesoderm  whieh  jut^^  out  like 
►ur  into  the  interior  of  the  eye  and  helps  to  form  the  vascular  vup- 
I  of  the   lenjs  (Fig.    166). 

This  spurdike   process  j^ 

pe  pushing  on  intotheinte-        P.Jl 

of  the  eye,  carrying  with  " 

Ü  its  posterior  surface  the 

ferior  wall  of  t  he  ocular  ves-  \\\\\\\ \\l  l?^--  ^^         .  S     Ü 

(Fig.  107),  That  portion 
lie  mesoderm  whirh  foi- 
I  directly  after  the  free, 
feeling  part  that  couäti- 
IS  the  rudimentary  iris,  l>e- 
es  tliickened  to  form  the 
T^  body .  Oa  er  t  he  ci  1  i ary 
jr  the  outer  lamina  of  the 
Br  vesicle  alone  is  pig- 
fct€Ki,  and  the  inner  is  not, 

as  is  the  ca^e  with  the 
layere  of  cells  of  the  pars 
ris  retina*  in  the  adult  eye 
ndC  in  Figs.  146  and  147). 
;her  forward,  over  an  area 
esponding  to  the  poste- 
purface  of  t  he  mesodermal 
mentary  iris,  both  lamin® 
he  ocuhir  vesicle  are  pig- 
ted»  and  the  two  unite 
r  undergoing  reflection  at 
border  of  the  pupil.  Con- 
Uy  they  form  the  retiiuil 
lent  layer  of  the  iris  (see 
s  352  arid  354). 

The  Hds  originate  as  folds, 
jh  keep  growling  out  aliove 

below  the  eye  from  the 

surroundmg  it,  until  their  edges  come  into  contact.  They  then 
>me  united  to  each  other,  but  only  by  their  epithelial  lining;  and 
tly  before  birth  this  union  of  the  tw*o  is  dissolved  again. 
The  lachrymal  gland  originates  from  a  hud-like  intrusion  of  the 
bellum  of  the  conjunctiva  into  the  orliital  tissue.  The  lachrymal 
A  starts  from  a  channel  which  exists  even  at  an  early  period  between 
*  ir  maxillary  and  the  external  nasal  process. 


^& 


Fjo.  167. — .\xTir.RioR  Seüimktvt  or  THt  Eyk  at  4 
Period  or  DiiVKiorMt.s^iT  Corrufonding  to  that 
or  A  Human  Emuhvo  at  thk  Knu  or  thk  Thibp 
MoNTtf .     Maipiiiied  SO  X  I. 

The  epithrlium  of  the  eomcA,  //.  ]<*  continuwJ  over 
upon   the  ciinjiirictU^ft  aa  far  it»  the  rftro larval   foltJ,  U, 
Bohmd  the  (N>m«H  j«  iief*r»  th«  frdnit   wall  <jf  tht*  oru]ar 
vesicle.     The  »wo  lamintr  fortnini;  this  wal!  are  reflected 
po  A»  to  unite  with  eai'h  other  tK  »  point  coircs^jKUiding  lO 
the  marKin   of  the  ptipil.     The   exleriial   laniina,   /*,   m  ' 
ptKmeifted   thn^jushotjt^  i\w  internal    lamina    bein^   pi|^<- 
mentecl  only  in  Jt«  aiUerir>r  p4irtii>n.  where  it  later  is  ron-  j 
verteil  into  the  powterior  stratum  of  the  rpiinal  pigrneni  ' 
layer  of  the  iris.     Farther  back,  where  the  inner  Inmtnib  j 
IS  de:Stituteof  pijrment,  it  is  afterwanl  eonverl«»f|  into  th«  1 
inner  layt^r  of  celb  of  the  par»  riliuhä  retina-,  wliich  linat 
the  ejliary  body.    Still  farther  l»ack.  a  »tudden  .^weJiiitK  out 
fif  the  inner  lainifiA  denote*  ihe  Iteginninja:  of  I  lie  retioii  * 
pr*iper.  r.  at  a  ispot  corr^Hpondins  to  whsit  in  afterward 
tlie  ora  p^errata.     llie  two  laniin»*  of  the  «jcutar  vehicle,  m» 
far  nn  ihey  ecfni*titule  the  c^iuting  of  the  cilinry  tK»dy,  lie 
ctowly    applied    to    the   mcotlemml    envelüipe.     Farther 
furwanl,  nt  a  point  eorrej'pondinjf  to  the  rudtnienlary  in», 
they  separate  from  the  cornea,  from  winch  ihey  receive 
a  covering  of  Tne-Modennal  ti^iue,  afterward  cionvertetl  inl«  * 
the  «troma  t.*(  the  iri».    Fruni  the  free  Imrder  of  thi.*  ti^u«  ] 
are  itivnn  ofT  two  menibrani«» — the  niemhrana  pitpillariiv 
P,  wldch  partes  to  the  opposite  pupillary  b*trder,  und  ih«  j 
tnenibraita  cap^ularii^,  (\  which  run»  backward.  hetwiieD 
cihary   hcwly   ami   lens   to   the   pr>flierior  surface  of   the' 
latter.     In    the   len>*,   L,   the   circle   of  nuclei    'm   earrted 
fnrllier  fnrwartl  than  in  Fin.  H^-  »»id  tlte  shape  of  the 
leUj«  in  croM  section  Kai*  alrvttdy  become  more  elhptical. 


CHAPTER  V. 
DISEASES  OF  THE  IRIS  AND  CILIARY  BODY. 

I.    Inflammation. 

66.  The  iris  and  the  ciliary  body  form  a  continuous  whole.,  inas- 
much as  the  iris  springs  from  the  ciliary  body;  both,  moreover,  are 
supplied  by  the  same  blood-vessels.  It  is  hence  quite  easy  to  under- 
stand that  both  organs  are  very  frequently  diseased  at  the  same 
time.  Unmixed  inflammation  of  the  iris  (iritis)  or  of  the  ciliary  body 
(cyclitis)  is  rare;  in  most  cases  we  have  to  do  with  a  combination 
of  the  two  (irido-cyclitis).  For  practical  reasons,  however,  it  is  advis- 
able first  to  describe  the  symptoms  of  iritis  and  of  cychtis  separately, 
and  then  show  what  sort  of  clinical  picture  is  produced  by  their 
combination. 

Symptoms  of  Iritis. — The  syn\ptoms  of  iritis  are  partly  referable  to 
the  hyperaemia  of  the  iris,  partly  to  the  formation  of  exudation. 

Hypercemia  of  ifie  iris  manifests  itself  chiefly  by  the  discoloration 
which  causes  a  blue  or  gray  iris  to  appear  greenish — a  change'^TucIi  is 
particularly  striking  when  comparison  is  made  with  the  iris  of  the 
other  eye,  in  case  this  is  healthy.  In  dark  eyes  the  discoloration  is  less 
pronounced.  Sometimes,  with  the  aid  of  a  magnifying  glass,  we  can 
clearly  distinguish  the  separate  dilated  blood-vessels  under  the  form 
of  red  striae  or  maculae.  The  other  changes  found  concern  the  pupil, 
which  is  contracted,  and  does  not  react  as  well  as_usual.  The  conTrac- 
tion  IS  a  necessary  result  of  the  dilatation  of  the  iris  due  to  the  increased 
fullness  of  the  vessels;  besides,  there  is  a  spasm  of  the  sphincter  pro- 
duced by  the  irritation.  For  these  reasons  the  reaction  of  the  iris  to 
light  is  diminished,  and  atropine  also  acts  less  promptly  and  less  thor- 
oughly than  usual.  The  hyperaemia  of  the  iris  is  accomot^nied  bv  ciliary 
injection,  Dhot9qhobia.  and  increased  secretion  of  tears. 

the  symptoms  of  congestion  just  describee!  may  exist  by  them- 
selves without  symptoms  of  exudation,  in  which  case  we  do  not  speak 
of  iritis,  but  merely  of  hyperaemia  iridis.  This  is  observed  as  a  result 
of  the  same  causes  as  iritis  itself,  in  case  the  irritation  is  not  great  enough 
to  provoke  actual  inflammation.  Pure  hyperaemia.  of  the  iris  is  most 
frftqiifintly  sftpn  in  finrr^fial  affections,  and  particularly  in  case  ot  small 
ulcers  or  foreip^n  bodies  in  the  cornea.  Hyperaemia  of  the  iris,  provided 
it  is  not  the  precursor  of  an  iritis,  disappears  without  leaving  any  last- 
ing traces  of  its  presence. 

Exudation  takes  place  partly  into  the  tissue  of  the  iris  itself,  partly 
into  the  surrounding  cavities,  the  anterior  and  posterior  chambers,  and 
is  accordingly  characterized  by  varying  symptoms: 
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Extulattqn  into  the  tissue  oj  the  iris  makes  the  latter,  since  it  is 
(with  an  abundance  of  routid  "celts. 'appear  .swollen  and  tliirker 
»ual.  The  discoloration  is  still  more  pronounced  than  in  t^iinple 
)iemia,  and  the  clear-cut  markings  upon  the  anterior  surface  of  the 
re  obscured.  It  is  easy  to  understand  that  the  rigid  and  swollen 
iould  react  but  insufficiently  to  light ;  the  pupil  is  greatly  contraded. 
L  Exudalimi  into  the  anterior  chamber  manifests  itself  first  by  lur- 
wf  the  aqueous,  in  which  numer- 


jocudation  cells  are  suspended. 
hrt)idity  is  best  rf^fof  [[j;/f^d  u|>on 
lark  bacKground  of  the  pupil. 
{  in  this  case  looksin^v  instead 
bg  a  pure  black,  (rradually  the 
Id  constituents  floating  in  the 
kiB  sink  to  the  bottom  of  the 
per,  where  they  produce  a  htjpo^ 
(Figs,  98  A  and  B).  WhenTE^* 
(y  great  hyperjEuiia,  rupture  of 
[ood- vessels  in  the  iris  may  tuKe 
wilh  an  exlraviisiition  of  Ijlood, 
I  also  sinks  to  the  bottom  of  the 
k»r  chamber  (hypha^ma). 
lesides  the  exudates  suspended 
I  aqueous,  a  hiyer  of  exudate  is 
pund  covering  the  walls  of  the 
lor  chamber.  Owing  to  the  exu- 
|e posited  on  its  po^terio^  surhu-f 
^77,/)  the  cornea  appears  faintly 
piformly  clouded.  Moreover,  the 
\o{  exuaaie  aeposited  upon  the 
Fig.  168)  contributes  essentially 
m  hazy  appearance  of  the  iris 
Ings.  The  layer  of  exudate  ex- 
[from  the  iris  ii]ton  the  noterior 
m  of  the  [ens  (Fig:.  ICi».  t).  and 


.'if^^^^^< 


Fio.  166.-"Iritib>    Ma£iufi«d  IIG  X  1« 

I  pfin  tlif  ^uriaci'  i>f  I  he*  in»  i^  a  lÄ5*«»r  of 
fMniatr,  i'\  c«>ii.Mf<nin£  iniunly  <»f  a  finr  i»el- 
work  4jf  cuaKuJiitni  hbrin,  Ui  wit  ich  tie  fwtkt^ 
trrvn\  pu«  c<>rpüj»cl«f«.  1  he  irinr  i,  t."  txiiiiKled 
in  frnni  hy  tlie  anterior  liuiitiiig  Uyfr,  tv 
t»»hiüd  by  I  be  pcM«terior  Urnilliig  layer,  A,  mid 
the  retinal  pijjrruent  layer,  P,  In  th«  lim^ue 
«f  the  iri.H  are  rectHtnuwi  the  cro«'»  M'cliouii.  of 
hlor«J-ve>*>«?lj*,  b,  with  very  »ievol*»p<?<J  inlvcii- 
(itia,  and  u  i^reat  (]uanlity  of  piKuu'nttKl  cdtU 
(the  ^-peciixiAU  iü  taken  from  a  dark-Krown 
iriü).  Mo»t  of  tlii?,'»c  (chr^*matc>phore*^  »(ill 
retain  their  elongntcd  and  branching  ^hiipe, 
but  uth^rfi,  ai  Ar.  lire  trani<formed  intu  Mhape- 
le<>3  agglotneratiuu*!  of  pigtn(*nt,  ui<  in  u^ualty 
the  cave  ill  tnfiammation  of  th«i  irix.  In  tl» 
anterior  layers  uf  t  he  irtK  many  i^niall  c«IU  {em k 
|j:rat«d.  kudx^yt««} — likewise  an  evidence  uf 
inflafnmatian— Ue  betiro«»  the  fii|srn«nl   nslta. 


g^the  latter  thron^dioiO  tht^  nreii 

ijUpil,  whit'K  <'onsr;qiiMillv  iip- 

ra^ 

is  exudate  becomes  organized,  a  niembrane  is  produced  which 

the  pupil  and  is  connected  %vith  the  pupillary  rnar|u:in  of  the  iris 

170  and   171*  (').     This  is  culled  a  pupillary  memhnine.  and  the 
aon  thus  brouj2;ht  about  is  called  occlumo  pupillae  (Fig.  175).     It 
Jent  that  this  condition  must  result  in  a  very  conöiderable  impair- 
of  vision- 
w  A  special  form  of  exudate  that  is  found  particularly  in  the  chronic 

are  the  precipitates  (rlepoaita)   upon  the  iiosterior  surface  of  the 
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cornea.     These  are  small  dots,  no  bigger  than  a  pin's  head,  of  a  lighl 
gray  or  brownish  color,  which  lie  upon  the  posterior  corneal  surfacoj 
(p,  Fig,  175).    They  were  formerly  thought  to  be  located  in  the  cornea 
itself:   but  if  by  punctorinp;  the  cornea  the  aqueous  is  allowed  to  e^cape^] 
some  of  the  deposits  may  be  seen  to  diitiippear  too,  being  swept  awaj 
with  the  aqueous — a  proof  that  they  simply  lie  upon  the  posterior  sur;*] 


Fio.  169. — ^RiscENT  Iritis  with  Pcpillahy  Mkuiiran£.     M34£ai6ed  55  *   1, 

The  iri-i,  i.  is  greatly  thickenetJ  by  »Wflline  am  J  infiUratetl  by  numerous  round  ceU*,     Alti 

to  tin*  pupillary  ninrgin  is  jiii  i-xudnte.  t.  which  h\U  the  whnlo  pupil,  and  which,  oa  tlie  one  hand,  pui^«i 
itjt  way  somewhat  bencatb  Uie  pisjment  Iftycr,  />.  tiud,  uri  fhe  other  hand,  extend?  up  on  Ihe  aoierMf 
sUirfttM  of  the  iri'^.  That  it  in  a  quite  Tecent  exudate  i.^  evident  from  its  thit^kne»  and  from  tt«  bcioi 
composed  of  a  nutvrork  of  fibrin^  inclosirig  *scattertMj  puj*  corpusclea.  The  number  of  the  latter  inc 
tc^ward  the  Burfttoe  of  the  trii^i.     it,  capaiule;  of  ihe  Icni», 


Fio.  170. — Occlusio  Pupille  Two  Montkä  after  a  Perforatino  iNitiiT,    Maipii^ed  55  X  L 

The  exudate,  «•,  ha»  become  converttKl  itito  connei^tivi*  ttsj^ue^  and  Iioa^  in  con»equetice,  shriveJc«! 
down  to  a  thin  pellicle,  which,  becoining  constantly  more  and  more  attenuated,  car  be  traced  ovtsr 
the  entire  surface  of  the  iris.  The  iri*  it^*elf  ha.-*  l>eeome  thinner  from  atrophy^  «nd  where  it  end*  »t 
the  pupillary  mariictn  in  tapered  off  owing  to  ila  being  pxille*!  U|khi  by  the  pupillary  membrane.  Thtf 
pigniipnt  layer,  p,  i»  the  part  mot*i  drawn  out  iota  the  pupil,  »a  timt  it  project •*  a  good  bit  bevond  »he 
ephincter.  «.  and  the  .»»troma  of  the  iris,  i.  flenc?e  the  margin  of  the  pupil  in  the  living  eye,  when  ItiohaA 
Bt  from  in  front,  »eem»  &x  though  enöompaHseci  by  a  broad  brow^n  rim.  which  appears  to  »tbbch  ti# 
«dpe  of  the  pupil  to  the  capsule  of  the  lens. 
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Fto.  171. — OcrLtrsio  PüPiLi*JE  Three  MosriLä  aftkh  a  Perforatino  Injury.     Maenifkwj  SÄyCl 

The  exudate,  e,  is  convcrterJ  into  a  tliin  membrane  of  oonnective  tiaaue,  which,  at  the  pupilhu, 
börder  of  the  iris,  extend*  muinly  beneath  the  latter^  and  ejun  t>e  traced  »#  a  delicate  pelliele  lor  a  long  1 
distance  hetw^ecn  the  pigment  layer,  p«  and  th«  lens  capnule,  k.  The  tensiao  set  up  by  the  fnipillaiy  i 
membrane  up<»n  the  border  of  the  atrophic  irii*.  i,  ha?*  drawn  the  latter  dourn  over  the  pigment  layer* 
9o  that  the  sphincter  iridij«,  Ji,  which  ij*  Kolidlv  united  with  the  pij^meni  layer,  ha^  )t<<  anterior  bordar 
turned  hack  m  a  hook-.-^haped  bend.  In  the  living  eye  the  margin  of  the  pupil  appeareii  enrompau«isd 
by  a  gray  rim,  which  merged  gradually  into  the  leas  gray,  becauae  more  t^an^(parent,  pupillary  mMBr 
brane. 


face  of  the  cornea.    If  the  deposits  are  large,  but  few  of  them  are  genep 
ally  present,  and  they  are  then  commonly  scattered  irregularly  ov« 
the  cornea  (Fig,  172).     The  smaller  the  deposits,  the  more  numerou 
they  generally  are.     They  then  occupy  the  lower  half  of  the  corneaJ 
in  which  th^v  cover  a  Kurf;iyf^  l|j^vnr|p  thp^k^pp  n^  ^^  iriAnP^lA     TTtP  bagel 
of  the  triang;le  corresponds  to  the  lower  cornepl   innridti    and  its  ape% 
is  directed  upward   toward   the  center  of  the  cornea.     Tt  is  frequent!} 
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kd  that  the  deposit.«  dimmish  in  size  from  the  base  towarj  Cae 
S  the  triangle  (Fig.   173). 

le  peculiar  arrangement  of  the  deposits  is  readily  explained  by 
liode  of  origin.  The  deposits  are  conglomerations  of  cells,  ag- 
ited  into  masses  by  means  of  fibrin  (Fig.  177)*  At  firet  they 
Ipended  in  the  aqueous,  and  by  tlie  movements  of  the  eye  are 
I  by  virtue  of  centrifugal  force  against  the  pasterior  surface  of 
mea  and  adhere  to  it.  In  so  doing  they  arrange  themselves 
Ing  to  weight,  the  largest  being  lowest  down.  The  triangular 
of  the  arrangement  is  a  result  of  the  movements  of  the  eyeball, 
ich  the  deposits  are  ca-st  upon  the  cornea.  We  have  only  to 
of  what  happens  when  we  throw  sand  thmugh  a  wire  screen  or 
^rain  in  a  sieve.  The  little  fragments  of  stone  or  of  grain  always 
k  pointed  figure  with  the  apex,  which  contains  the  finest  particles. 
Ig  upward,  while  successively  coai^er  particles  follow  in  order 
The  same  is  the  case  with  the  deposits^  By  their  peculiar 
lament   the   deposits    are   generally   easily    distinguishable   from 


Fic,  172. 
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Besides  mmute  deposit*,  thcfr  ore  found  »I«)  Inrge  one#,  which  j 


f  ■tir)  lanlacrouo  lookinff 
""^    -PftKCiFiTA.TEA.    These  «r«  small  and  di^postHl  in  the  form  of  a  tnanjilc. 
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aacities  in  the  oomea  itself  (in  keratitis  punctata,  see  pages 
Ü  280).  Other  distinguishing  marks  arc  the  clearer  outline  and 
ntly  the  brownish  color  of  the  deposits,  which,  moreover,  do  not 
jifTerent  depths  like  maruia»  In  the  cornea  itself,  but  lie  all  in  the 
plane — that  is,  on  the  posterior  surface  of  the  cornea. 

Exud_ation  poured  out  into  the  vosterinr  rhnni^n>r  [^  not  accessible 
jet  observatioli,  hut  manifests  itself  only  by  the  adhesions  which  it 
"between  the  iris  and  the  capsule  of  the  lens  ( posterior  s i/n ech m) , 

adhesions  develop  prinripallv  at  the  .spot  where  the  irii^  and  the 
e  oFthc  lens  arc  m  eoiUact— i.  e,,  at  the  pupillary  margin.  They 
if  the  nn^c  When  tlte  iritis  Is  at  its  heif^ht,  and  when,  therefore^ 
||:>il  i.<  irrcatlv  rrvniracted.  When,  after  the  iritis  has  run  its  course, 
Ipil  tends  to  resume  its  usual  mean  width,  this  is  only  possible 
he  area  in  which  the  pupillary  margin  has  remained  unattached. 
>rtions  that  are  adherent  to  the  capsule  of  the  lens  can  not  retract, 
biain  a*  tags  of  greater  or  less  size,  projecting  in  toward  the  center 

pupil  The  pupil  thus  acquires  an  irregular  shape  which  is  still 
^bxaous  if  atropine  is  instilled;  for,  as  the  iris  then  retracts  strongly 
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at  its  unattached  portions,  the  synechi»  stand  out  in  the  clearest  possi- 
ble way  (a  and  6,  Fig.  174).  Atropine  is  hence  a  very  valuable  agent 
for  the  diagnosis  of  posterior  synechiae. 

In  the  formation  of  posterior  synechiae,  it  is  not  the  stroma  of  the 
iris,  but  the  layer  of  retinal  pic^ment  [Figs.  169,  170,  and  171,  p]  covering 
its  posterior  surface,  that  becomes  adherent  to  the  capsule  of  the  lens. 
When  the  iris  starts  to  retract,  the  pigment  layer  is  neld  back  at  the 
points  of  adhesion,  and  is  thus  exposed  to  view  more  extensively  than 
usual.  Hence  in  dilatation  of  the  pupil,  especially  by  atropine,  the 
tags  jutting  out  into  the  pupil  look  brown  (Fig.  170).  From  the  traction 
exerted  by  the  iris,  rupture  of  the  synechiae  may  result.  This  some- 
times is  effected  spontaneously  by  the  traction  which  is  constantly 
being  made  upon  the  adhesions  during  the  ceaseless  movements  of  the 
iris;    for  the  most  part,  however,  rupture  is  produced  artificially  by 


Fia.  174. — PosTEBioB  Synechia  and  Remains  of  Fetal  Pupillabt  Membrane.     Magnified  2X1. 

The  pupil  has  been  dilated  by  the  inatillation  of  atropine.  The  dilatation,  however,  is  unequal^ 
because  the  upper  part  of  the  pupillary  margin  is  fixed  by  means  of  adhesions  to  the  anterior  capsule 
of  the  lens.  At  a  there  is  a  slenaer  synechia  which  is  drawn  out  into  a  fine  black  point;  at  6.  on  the 
other  hand,  is  found  a  broad  and  but  slightly  elongated  adhesion,  such  as  freauently  occur,  especially 
in  syphilitic  iritis.  Between  the  Synechie  and  by  the  side  of  them,  the  capsule  of  the  lens  is  covered 
with  minute  black  dots  arranged  m  a  semicircle.  They  correspond  to  the  situation  of  the  pupillary 
margin  when  the  pupil  was  contracted,  and  have  been  left  by  the  rupture  of  the  adhesions.  From  tfa« 
lower  part  of  the  iris  a  filament,  c,  runs  straight  upward.  This  arises  from  the  trabecule  of  the  circa- 
lus  iridis  minor,  and  passes  in  the  region  of  the  pupil  to  the  anterior  capsule  of  the  lens,  where  it  is 
attached  to  a  small,  round,  capsular  opacity.  This  filament  is  not  a  posterior  synechia,  but  a  remnant 
of  the  fetid  pupillary  membrane.  It  does  not  prevent  the  iris  from  retracting  property  uzider  atro- 
pine, but  is  simply  stretched  and  drawn  out  thin  itself.  • 

the  instillation  of  atropine.  In  that  case  we  see,  at  the  soot  where  the 
svnechia  has  been  set  Jree,  a  brown  spot  remaining  upon  the  anterior 
capsule  of  the  lens.  This  is  the  pigment  layer  whose  pathological  ad- 
hesion  to  the  capsule  of  the  lens  is  firmer  than  its  physiological  con- 
nection with  the  tissue  of  the  iris.  If  several  synechiffi  have  been  Rup- 
tured, we  find  remains  of  them  in  the  shape  o^  a  corresponding  number 
of  Drown  dots  arranged  in  a  circle  upon  the  anterior  capsule  of  the 
lens  (Fig.  174,  between  ana  on  either  side  of  a  and  6).  This  circle  is 
narnmer  than  the  niean  diameter  of  the  pu^il,  because  the  syneclii» 
were^Iormed  at  the  time  when  the  pupil  was  contracted  by  iritis.  The 
dots  of  pip;m(^nt  nevftr  Hisapnpftr.  and  hence  during  the  whole  life  give 
evidence  of  an  irif  jyf  thut  }^as  once  existed. 

If  the  adhesion  of  the  iris  to  the  capsule  of  the  lens  is  not  confined 
to  single  points,  but  comprises  the  w^hole  extent  of  the  pupillary  mar- 
gin, we  speak  of  an  anmdar  posterior  synechia.    No  projecting  tags  are 
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then  apparent,  becaiise  the  iris  is  no  longer  able  to  retract  at  any  spot, 
the  pupil  remaining  unchanged  all  the  time,  even  after  the  instillation 
of  atropine.  There  is  generally  a  brown  rim  (pigment)  or  a  gray  rim 
(exudate)  investing  the  pupillary  margin  (Figs.  170  and  171).  An 
annular  synechia  is  seldom  formed  all  at  once:  it  ig_for  the  mögt  part 
(h<*  r<*suk  of  a  numlH^nf  reciirritm  attarks  nf  jptLs.  which  little  by  little 
produce  a  more  and  more  extensive  adhe.sion  of  the  iris  to  the  lens. 
The  direct  consequence  of  an  annular  synechia  is  the  shutting  off  of  the 
anterior  from  the  posterior  chamber — shutting  off  of  the  pupil  (sf-c/uaia 
pufniltr). 

The  two  sequela?  of  iritis,  shutting  off  of  the  pupil  (seclusio  pupil- 
Im)  and  shutting  up  of  the  pupil  (occlusio  pupillae),  very  often  occur  to- 


FlQ.  175. — BiCLtmoN  a»i>  OccLcaiow  or  ttte  Pupil.    Ma«mfi«d  5X1. 

TIm  in»  19  ■dberent  by  it«  «ntir«  pupillary  margin  to  the  Len«,  but  «l-wwhere  is  puj*Tied  forward. 

iBnor  diamber,  A«  is  ibun  maoe  deeper,  the  untcrior  cluunbrr.  p,  Rballower.  especially  &t  the 

y  where  thr-  irniit  of  the  in«,  a,  18  prawed  iii(ajn((t  the  et>rnea  by  the  inereaoe  of  tension.     In  rcm^ 

I  nkode  upon  the  in«,  it«  retinal  ptKineEit  i«  beginmnjE  to  «eparate  (at  #)  and  to 

'jf  the  len«4«     llie  pupil  'n^  clonea  by  an  ejtudat«  membrane^  o.  by  the  f^hrinkinic 

[Hulel*  thrown  into  UikU.     In  the  lower  part  of  the  anterior  chamber  thrre  tn 

ipon  tht'  posterior  hnrfapn  of  the  oomea.     In  conw^jtient-e  of  the  Inrreaw  ui 

.    .  fyroci^st^,  r,  and  the  ciliftry  rnuscle,  m.  »re  »trophic  and  flatteninj.     Tiw  eor- 

llssi  of  *  KTgoDe  cataractotiA  dJAinteicratton,  and  at  r  is  }Häpärat«d  from  the  capsule  by 

'  MorgiMCvn;  the  nucieus,  k,  of  the  leni»  is  unaltered. 

lather  owing  to  the  fact  that  the  exudate  which  attaches  the  pupillary 
margin  to  the  lens  may  also  extend  over  the  entire  pupil  (Fig.  175), 
But  they  may  also  occur  separately  and  then  have  very  different  con- 
sequences. Occlusion  of  the  pupil  occurring  by  its€»lf  produces  very 
great  diminution  of  sight,  without,  however,  entailing  any  dangers  for 
the  future.  Seclusion  of  the  pupil  in  itself  doe^  not  affect  the  sight, 
if  the  pupil  is  free  from  membrane,  but  subse*quently  induces  changes 
(increa.se  of  tension)  which  caune  blinding  of  the  eye. 

67.  Symptoms  of  Cyclitis« — Exudation  from  the  ciliary  body, 
apart  from  the  infiltrution  of  tbe  tissue  itself,  takers  place  into  the  an- 
terior chamber,  the  posterior  chamber,  and  the  vitreous: 

L  The  exudate  produced  by  the  ciliary  body  may  get  into  the 
üfUeriür  chamber  directly,  in  case  there  is  implication  of  the  most  anterior 
portion  of  the  ciliary   body — i.   e.,   that  covered  by  the  Ugamentum 
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pectinatum  and  lying  at  the  confines  of  the  anterior  chamber.     Tbi 
u  hypopyon  loay  be  poured  out  by  tlie  ciliary  body,  and  especially ' 
there  mux  be  orodueed  the  orecinitates.  which  are  so  frequent  in  chronic 
cY<^l|tis.     Particularly  charaeteriritic  of  cyclitis  are  the  gray  or  grayish 
whhp  Pviidnir^s  ih;it_dnvdon  inmnnv  f.q^  and  wlijch  aOTKutr  to  ^roi^ 
ouj  in  tlic  fnrrn  nf  soongv  nuLsnes  from  tlie  siiuis  of  the  chMiuber.  and 
that  not  merely  below,  but  also  from  other  directions, 

2.   In  consonance  with  the  anatomical  situation  of  the  ciliary  body,^ 
the  great  ma.s.s  of  th^  exudiit^  1.^  fl*^prvsi;tP>rl  /«  /J>/>  |i/i«/^'W/>r  rf^jniht>^r  (Pig 
181b    ^his  exudation,  if  ^xtetmve.  leads  tfl  the  adhesion  of  the  wholq 
poßterior  surface  of  the  iris  to  the  anterior  capsule  of  the  lens^  (fo/^ 
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Tlie  iria  1»  mlhereaT.  by  it*  portterior  surfac«  to  th<*  «"«pffule  of  ttve  leu»  and  alM>  t"  • '  • '   ■ 

face  of  the  ciliÄry  btxiy.     Hit-  posterior  clmmber  cNjtj-»et|Ufiitly  La  oblitemUid  and  th*-  tiinl 

desep«tied  at  ils  pcriphwy,  b:  at  this  spot  thp  iris  is  atrtmgly  retracted  and  at  the  «an  «re  tl 

m«x-«r  thuinad  through  atrophy.  ^J  he  exudat«  ixhrmectmi^  the  iri^  with  the  lens  aim  .^,,«  ,  ,,^  -  ,v-  a  ihiB 
niembrar«?»  p.  acro'»*  the  pupil.  The  hull  of  exudate,  *,  ^pniigin]^  from  the  cihar>'  b*j*jy,  envetop«  tbt 
p<>s.f(»ru>r  j*urfa<?e  iif  the  leii»  and  by  it*  ^hrinkiitig  drawe«  ihe  ciliary  pmcesiNc»  toward  the  center.  A* 
a  re.Hult  of  thi^<,  »  »^puratiun  nf  the  ciliarj  body»  c,  from  its  t>e<l  ha>  already  taken  place  below^  and  U|< 
the  iiiterinf^thftte  »«pace  are  :<t«eu  the  di^iiHned  latnelhe  of  the  *uprachoriotd  metnbrtme,  a.  The  pf"^ 
men  I  epithelium.  /,  of  the  ciUary  proce^me»  ha»  und  ertöne  proliferaTion,  At  the  lower  part  of  the 
oea  there  in  a  zonular  üpa<:tty,  ^.  The  Jen.^i  it  i^woLleti  and  i»  opaque  throughout;  tliere  h  do 
aodL»tnte£rat«d  nueleun  (i.  e.»  tt  i»  a  »oft  cataract). 


posterior  synechia ^  Fig.  176).     This  adhesion  of  the  surface  of  the  ir 
i8  digtin^ui^hcd  from  the  annular  synechia,  in  which  only  the  pupillan?* 
i>örder  of  tlie  irTs  is  attached  to  the  capsule,  chiefly  from  the  altered 
form  of  the  anterior  chamber.     The  exudate,  as  it  shrinks,  draws j^hgM 
iris  every  wht^ re  u)>  to  the  anterior  surfal?  or  i  hp  lf>^p    sn  that  the  poa-^B 
terior  j-lKUid>er   i^    fomplr^tplv   ^>|il]tr.r..tr.j       xiie   anterior  ehamlier  is 
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hence  pro  port  Jon  at  el  y  deei>er ,  ahtne  allat  the  periphery ,  where  the  ms 
displaced  farthest  liackward  [b,  Fig,  176]. 
3.  Exodaticn  into  the  intreous  appears  under  the  form  of  opaeitieiH 
of  the  vitreous,  wnich  can  be  made  out  with  the  ophthalmoscope  i^^ 
the  condition  of  the  refracting  media  permits,     Moreover,  they  mani- 
fest themselves  by  a  corresponding  diminution  of  the  vision.     In  sevei 
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an  exudation  of  large  size  is  present  in  the  anterior  di\nsion  of 
Ihc  vitreoUÄ  («,  Fig.  176),  and  under  favorable  fircumi^tunce^  can  be 
seen  with  lateral  iUuniiuHtion  as  a  gray  mass  behind  the  laiit,.  The 
sight  i:*  then  almost  completely  abolished,  and  atrophy  of  the  whole 
eye  is  subsequently  produced  }>y  the  shiinking  of  the  niiuss  of  exudation. 
The  ienfiion  of  the  eve,  whieh  in  iritis  is  usually  unchanged,  often 
fehows  an  alterati*"^  *"  owliiisi  It  is  not  infrequently  found  to  be  ele- 
vated in  tlie  beginning  of  the  cycÜtis;  indeed,  such  a  great  elevation 
uf  tension  may  be  developed  that  blindness  is  produced  by  it.  In  the 
later  sfagoi^  of  cyclitis,  on  the  contrary,  diminution  of  the  intra-ocular 
TTH>n^  fn>MOf>tft.  and  is  the  result  of  the  shrinking  of  the  exu- 


prc;^>^uj;e  i^  

date  white  In  process  of  organization. 

Both  iritis  and  cyclitis  are  iissociated  with  sj^mptoms  of  inflamma'' 
Ujry  irritation,  consisting  of  ciliary  injeetionj  photophobia,  lachryma- 
tion,  and  pain.  The  pain  is  not  only  situated  in  the  eye  itself,  but 
radiate»  to  the  parts  in  the  vicinity,  especially  the  supra-orbital  region. 
The  intensity  of  the  irritative  symptoms  is  regulated  by  the  greater  or 
less  acuteness  with  which  the  case  runs  its  course.  Chronic  cases  occur 
in  which  inflaniuiatorv  syniptorns  are  wanting  altogether,  so  fliät  (he 
eye  is  at~no  time  reudenetl  or  painfui;  on  the  other  hand,  there  are 
cases  of  irido-rvchtis  in  which  the  pain  reaches  an  absolute] v  int^Ter- 
i\  1 » (e  pitch  and  Ss  associated  with  voinitin^  and  a  febrile  movem^p t . 
Sometimes  the  pain  sets  in  with  special  violence  at  night  (particularly 
in  syphilitic  iritis  and  irido-cyclitis). 

Vision  is  always  diminished  through  turbidity  of  the  aqueous  or 
through  exudation  in  the  regioTi  of  the  pupil  or  in  the  cavity  of  the 
vitreous. 

Differential  Diasrnosis  Between  Iritis  and  Cyclitis.^ We  speak 
of  iriiiifi  if  the  symptoms  enumerated  above  are  present,  and  there  is  no 
direct  proof  of  the  purticii)ation  of  the  ciliary  l>ody  in  the  inflamma- 
tion. That  the  cihary  body  is  pathologically  altered  in  most  cases  of 
apparently  simple  iritis  is  put  beyond  a  doubt  by  anatomical  investi- 
f^alions.  But ,  since  we  can  not  see  the  ciliary  body  directly,  slight  changes 
in  it  escape  diagnixsis.  We  hence  make  tire  diagnosis  of  inch-cyclUis 
only  in  those  case^  in  which  in  addition  to  the  symptoms  of  iritis  positive 
evidences  of  involvement  of  the  ciliar}^  body  are  also  pre.sent.  This 
is  I  be  case— 

i.  When  the  inflammatory  symptoms  reach  a  considerable  pitch. 
iind  especially  if  «edema  of  the  upper  hd  is  associated  with  them— a 
thing  which  does  not  occur  in  simple  iritis. 

2,  When  the  eyeball  in  the  ciliary  region  is  painful  to  the  touch. 

3,  When  from  the  presence  of  a  pupillary  meml>rane,  of  many 
posterior  synechia?»  or  of  an  annular  or  a  total  adhesion  of  the  iris  to 
the  lens  capsule  we  can  infer  that  the  exudation  is  specially  great. 

4,  When  the  disturbance  of  vision  is  more  considerable  than  one 
would  expect  from  the  opacities  within  the  confines  of  the  anterior 
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chamber.  We  are  then  justified  in  inferring  the  existence  of  opacities 
in  the  vitreous  causing  diminution  of  vision. 

5.  If  the  tension  is  altered — either  elevated  or  lowered. 

The  participation  of  t%  ciliarv  hoHv  in  the  inflammation  of  the 
iris  makes  the  disease  a  far  more  serious  one  and  renders  the  prognosis 
wor8_e.  Not  only  is  the  inflammation  more  violent,  but  it  induces  changes 
which  are  much  more  difficult  to  remedy.  The  exudates,  such  as  pos- 
terior synechisB  and  pupillary  membranes,  produced  by  iritis  in  the 
confines  of  the  anterior  chamber,  may  be  attacked  successfully  by 
operative  procedures.  But  the  exudates  left  by  cyclitis  in  the  \itre- 
ous,  so  far  as  they  do  not  become  absorbed  spontaneously,  are  in  no 
way  susceptible  of  removal.  Severe  cvclitis  leads  to  destruction  of  the 
eye  (atrophy  of  the  eveball) — a  thln^  that  never  ofi^^m  with  irS^j^  ^tone. 
~  iiimple  cycluis^  without  iritis  occurs  onlv  in  the  chronic  form. 
The  inflammatory  symptoms  are  slight  or  absent,  the  iris  is  of  normal 
appearance,  and  the  pupil  is  generally  somewhat  dilated.  The  chief 
symptoms  are  the  presence  of  deposits  upon  the  cornea  and  opacities 
in  the  vitreous. 

Inexperienced  physicians  often  fail  to  recognize  slight  cases  of  iritis,  considering 
it  as  catarrh  on  account  of  the  injection  ot  ine  eyeball  that  coexists  with  it.    The  treat- 


ment then  employed,  such  as  the  application  of  the  silver-nitrate  solution  or  the  instilla- 
tion of  irritating  collyria,  commonly  aggravates  the  iritis.  We  can  avoid  this  mistake 
if  in  every  case  we  pay  careful  attention  to  any  discoloration  that  there  may  be  in  the 
iris  (particuUrly  by  comparing  it  with  that  of  the  other  feye),  and  also  to  the  dimensions 
of  the  pupil,  Nvhich  in  an  eye  with  iritis  is  contracted.  Moreover,  a  slight  turbidity  of 
the  aqueous  can  be  recognized,  even  in  the  early  stages,  from  the  fact  that  the  pupil  has 
not  the  same  pure  black  look  as  in  the  other  eye.  On  the  other  hand,  the  mistake  is 
often  made  of  considering  an  inflammatory  glaucoma  as  an  iritis  on  account  of  the 
ciliary  injection  and  the  discoloration  o{  i^e  iris — a  mistake  which  is  the  more  disastrous 
because  in  glaucoma  great  harm  is  done  by  the  instillation  of  atropine.  Here,  besides 
the  tfiating  of  the  tension,  our  chief  means  of  guardUng  against  mistakes  is  the  examina- 
finn  nf  t.l^fj  pnpil  ^rfyoh  in  iritis  !s  alwaVB  fflftre  contracted,  in  glaucoma  always  More 
dilated,  than  usual. 

In  recent  aJUte  iritis  and  irido-cyclitis  examination  of  the  sight  discloses  sometimes 
the  existence  of  a  moderate  degree  of  myopia ,  which  did  not  exist  previous  to  the  inflam- 
mation, and  which,  moreover,  gradually  disappears  again  after  the  latter  has  run  its 
course. 

A  peculiar  appearance  is  furnished  by  the  presence  of  a  pretty  large  fibrinouB 
exudate  in  the  anterior  chamber,  such  as  is  at  times  observed  in  every  sort  of  acute 
iritis.  If,  for  example,  much  flbrin  is  deposited  in  the  aqueous,  it  may  become  coagu- 
lated into  a  uniformly  gray,  translucent  mass  (hence  the  name  gelatinous  exudate  and 
also  lenticular  exudate,  because  with  its  rounded  edges  it  sometimes  looks  like  a  half- 
transparent  lens  that  has  been  dislocated  into  the  anterior  chamber).  The  exudate 
speedily  slirinks,  since  the  flbrin  in  contracting  expels  the  liquid  from  its  meshes  (for 
which  reason  we  also  speak  of  it  as  a  spongy  exudate).'  After  a  few  days  the  exudate 
has  either  completely  disappeared  or  it  has  been  reduced  to  a  thin  pellicle  lying  in  the 
pupil  and  often  still  connected  with  the  pupillary  margin  by  one  or  two  slender  filaments. 

Since  the  aqueous  in  irido-cvclitis  is  more  aH^MmjPP?"*  i*-  filters  with  mor^  <^i^finltv 
through  the  ligarnentum  riAof  ina||,^|m.  especially  if  the  gaPH  ii^  ^he  latter  are  partially 
blocked  by  coagula  or  leucocytes.    In  this  probably  consists  the  cause  of  tke  frequently 

I  *  The  serous  iritis  of  authors. 

I  "[Iritis  associated  with  this  sort  of  exudate  is  often  called  apongy  iritit. — D.] 
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Hn^  inrrejL'^e  of  tenakjn .    I n  this  t'^se.  in  eo»j<cM^iK*iR'e  aj  [Up  rt^u^ntlnn  oi  thf  a(|Ue» 
pif  nnif'rmr  t  liamlx^ris  tieei>PT  tliuii  rtorutai.  while  in  true  irlaufornjA  it  jy  shallower. 
I  inrreaiie  of  terwioii  iti  irido-rydit  is  is  rarely  m  lasting  that  the  eye  \\ou\d  he  flindiHl 
by  it  without  an  operation;   usuuUy  the  increase  of  tenaion  is  but  transient,  although  it 
ay  occur  repeatedly  in  the  course  of  the  disease. 

It   hapi^ens  sornetinit»  that  posterior  synechia?  develop  in  the  presence  of  a  dilat«d^ 
stead  of  contracted  J  pupil;    as,  for  exampl«,  when  tliey  form  in  an  eye  under  the 
ttfluence  of  atropine.     In  this  case  the  margin  of  the  pupil  l>ecomes  adhernril   to  the 
lie  of  the  lens  at  some  periplierally  located  »jxd,  st)  I  Imt  afterward,  when  the  pupil 
its  mean  width,  the  synechia  is  marked,  not  by  a  projecting  process^  bui  by  a 
dirant  angle. 

For  the  diagnosis  of  »eclusio  pupiUa,  the  employment  of  atropine  is  often  indis* 

^nsaMe,     It  frequently  liappetis  that  the  pupillary  margin  is  thought  to  be  adlierent 

the  capsule  all  round,  when,  neverthelesw,  upon  the  employment  of  atropine  it  retracts 

one  small  spot .    At  this  unattached  ^mrtion,  which  m  nwe*t  frequently  niluated  above, 

pre  is  Ibu»  formed  a  curved  or  horses  hoe-«  ha  ped  indentation  of  the  pupillary'  margin. 

ätmUiirly  we  may  infer  the  existence  of  a  small  opening  if,  after  the  case  lias  been  under 


Flo,  177. — DcpoBFT  Vpoti  Tins  Poatkriob  SuRFAce  Of  TH«  CoaitaA, 


140  X  1. 


The  pf»i«rior  iitirf*oe  of  the  cornea.  C,  is  oovernd  by  Dencemet's  membrane.  D.  and  the  endä^ 
dium.  «,  The  Istier,  which  bu^  a  whole  l»  uf  iiormnj.  rliAructer«  in  wanting  at  the  Hpoi  wher«'  (lie  de* 
»it.  P,  Is  situated,  Tlii«  depof»a  forma  an  accuiuulaOcin  of  culh  with  mtempefsed  pijycnieiil  icnuiultsa 
I  are  partly  free  and  partly  iuelQ*ed  in  the  rounti  celb.  In  the  plare  where  no  dcptniitj^  are  ntv- 
nI  the  poitterior  «urfaee  of  ttie  oorDe«  is  oowred  hy  a  layer  of  e.itudotiun  cuiiAiittinir  <J>f  two  »iratA, 
I  anterior  ooe..  6.  oomposed  of  round  oelli   and  a  posterior  one,  f,  U*rinf^\  rtf  rooKulatod  fibrin. 


tion  for  a  long  time,  no  protrusion  of  the  iris  takes  place^  since  in  tnie  seclusio 
iipailip  euch  protrtjtöion  never  fails  to  appear.     (Jf  course,  we  miLHt  Ij«  able  to  exclude 
existence  of  a  total  pcjsterior  synechia,  in  which  case  evidently  protrusion  of  the 
could  not  take  place. 

Bediisio  pupiüfe  appears  to  occur  frequently  without  there  bein{(  any  simultaneous 
»tion  of  membrane  in  the  pupil  (occlusio  pupilla?).    This,  however,  is  only  apparent, 
rule.    Upon  careful  examination  we  usually  notice  tliat  the  gray  fringe  of  exudate 
which  rujis  along  the  adherent  pupillary  margin  projects  far  into  the  pupil,  becoming 
dually  thinner  as  it  does  so,  so  that  perhaps  only  Üie  renter  of  the  pupil  appears  to 
quite  free.     Nay  more,  if,  after  performing  an  iridotiomy,  we  compare  the  pupil 
the  pure  black  coloboma,  we  can  almost  always  convince  ourselves  that  really  no 
of  the  pupil  is  quite  free  from  a  membrane. 

Much  more  frequently  than  seclusion  without  occlusion,  the  converse — L  c.,  occlu- 

without  seclttflion — otxurs.    That  is,  there  is  a  membrane  in  ihe  pupil,  and  some- 

quite  a  thick  one,  which  is  not  comjccled  with  the  pupilhirj'  margin  all  round, 

t  only  at  separate  spots. 

The  prwence  of  a  well-marked  reaction  of  the  pupil  to  light  is  not  altogether  con-  I 

evidetice  against  the  existence  of  .oeclusio  pupillae.     If  the  tissue  of  the  iris  ' 
yet  atrophic,  and  a  fair  perception  of  light  at  the  same  time  exists,  the  anterior 
lay^m  of  the  iris,  when  the  illumination  is  varied,  move  quite  perceptibly  over  the  fixed 
flerior  pigment  !ayer. 


392  TEXT-BOOK  OF  OPHTHALMOLOGY. 

The  deposits  upon  the  posterior  surface  of  the  cornea  are  easily  oveiiooked,  because 
they  are  often  so  extremely  minute.  We  should,  therefore,  in  every  case  in  which  there 
is  a  suspicion  of  the  existence  of  an  affection  of  the  uveal  tract,  look  for  them  with  a 
strong  magnifying  glass.  In  slight  cases  of  chronic  cyclitis  (see  page  390)  a  couple  of 
such  very  minute  precipitates  are  often  the  only  objective  sign  of  the  diseaae,  and  if 
we  overlook  them  we  are  often  unable  to  account  for  the  patient's  subjective  troubles, 
for  the  sensitiveness  of  the  eye  to  light,  for  the  readiness  with  which  it  tires,  or  for  the 
occasional  sli^t  pain  or  moderate  reddening  of  the  eye.  Faulty  diagnoses,  too,  are 
easily  made.  As  an  example  for  this  I  may  adduce  the  fact  that  repeatedly  patients 
have  been  sent  to  me  in  order  that  I  might  do  an  iridectomy  on  them  for  chronic  glau- 
coma. It  was  usually  a  case  of  persons  who  were  not  yet  of  the  advanced  age  of  ordinary 
glaucoma  patients  and  who  from  time  to  time  got  attacks  of  increase  of  tension  asso- 
ciated with  the  appearance  of  colored  rings  about  a  light,  pain,  dilatation  of  the  pupil, 
etc.  They  had,  a<;cordingly,  the  symptoms  that  belong  to  the  prodromal  stage  of 
glaucoma  (§  82).  But  the  discovery  of  a  few  minute  deposits  proved  to  me  that  the 
case  was  not  one  of  genuine  primary  glaucoma,  but  of  an  increase  of  tension  due  to  a 
chronic  cyclitis  (secondary  glaucoma).  There  was,  moreover,  another  83rmptom  that 
perforce  led  one  on  the  right  track,  and  that  was  the  fact  that  the  anterior  chamber  was 
deeper  than  normal,  while  in  glaucoma  it  is  shallower.  In  such  cases  the  diagnosis  is 
important  because  in  chronic  cyclitis  the  increase  in  tension  can  often  be  relieved  even 
without  an  iridectomy. 

In  contradistinction  to  the  scarcely  visible  deposits,  spoken  of  above,  there  are  . 
also  found  specially  large  gray  lardaceous-looking  deposits  which  as  the  disease  |Ht>- 
gresses,  change  t  heir  shape,  enlarge,  and  coalesce  with  neighboring  precipitates  to  form  . 
biscuit-  or  trefoil-shaped  masses  of  exudation  (Fig.  172).     Large  (kposits  of  this  sort 
occtir  pre-eminently  in  the  tuberculous  or  scrofulous  inflammations  of  the  uvea. 

On  careful  inspection  with  the  loupe  we  sometimes  find  deposits  in  the  pupillary 
area  and  particularly  on  the  iris.  It  is  true,  they  are  hard  to  see,  in  this  situation, 
especially,  on  a  light -colored  iris  with  which  they  do  not  contrast  well.  The  deposits 
probably  get  on  the  iris  at  night,  when  the  patient  lies  for  a  long  time  quietly  on  his 
back,  so  that  the  agglomerations  of  exudate  floating  in  the  aqueous  are  not  thrown 
against  the  cornea  by  the  movements  of  the  eye,  but  sink  gradually  down  upon 
the  iris. 

Most  deposits  get  darker,  as  they  get  older.  For,  the  cells  of  the  exudate  break 
down  and  become  absorbed,  so  that  the  pigment  granules,  which  lie  between  them  and 
which  are  left  behind,  come  more  and  more  clearly  into  view.  Ultimately  there  remain 
dark  brown  or  black  dots,  which  may  readily  be  confounded  with  small  black  foreign 
bodies,  if  no  heed  is  paid  to  their  deep  situation.  In  rare  cases  the  deposits  are  dark 
brown,  even  when  recent,  if  at  the  outset  they  have  carried  much  pigment  with  them 
from  the  uvea. 

I  have  quite  frequently  found  minute  deposits  in  eyes  in  which  a  soft  cataract  had 
been  operated  upon  by  discission,  and  was  consequently  swelling  up  and  imdergoing 
absorption  at  the  time.  These  so-called  lens  deposits  are,  however,  essentially  different 
from  the  genuine  deposits;  they  are  not  agglomerations  of  exudation,  but  small  rounded 
lens  fragments,  detached  from  the  swelling  lens  and  thrown  against  the  posterior  sur- 
face of  the  cornea,  to  which  they  then  adhere.  They  are  therefore  in  no  sense  to  be 
regarded  as  a  sign  of  inflammation;  and  this  view  of  their  nature  is  confirmed  by  the 
favorable  course  that  such  cases  pursue. 

In  severe  cases  of  irido-cyclitis  (especially  of  sympathetic  origin)  blaneking  of  the 
cilia  on  the  lids  of  the  affected  eye  is  sometimes  observed. 

68.  Course  and  Termination  of  Iritis  and  Cyditis. — With  re- 
gard to  the  course,  a  distinction  is  made  between  acute  and  chronic  cases. 
The  former  are  associated  with  marked  inflammatory  symptoms,  but 
run  a  quicker  course.  But  even  in  the  acute  cases — ^if  we  except  the 
very  lightest  ones — it  takes  four  weeks  or^more  oefore  the  inflamma- 
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entirely  subsides.  Thp  first  ^igp^  ni  n  rliROfyp  for  llip  t;>Ptrpr  in  the 
inimation  are  the  decrease  of  the  inject  ion  and  of  lhe_pain,  and 
tcially  the  prompt  action  of  atroijine.  wtuTe  at  the  acme  oTthe  in- 
inmtion  the  pupil  i.s  8o  spasmodically  contracted  that  atropine  has 
I  or  no  effect. 

Chronic  cases  run  their  course  with  few  or  absolutely  tio  symptoms 
iflammation.  The  patient s^  in  the  latter  ca.se,  become  aware  of  the 
lenee  of  tlieir  trouble  only  at  a  comparatively  late  period,  and  then 
'  from  the  increa^^iriji;  disturbance  of  vi?jion.  Chronic  iriti.s  (irido- 
jtjg  and  irTdo-chorioiditis)  is  not  infrequently  protracted  over  a 
Be  of  years.  ^~~  ""  ^"~ 

Xntlarimiations  of  the  iris  and  of  the  ciliary  body  often  show  a  great 
Icncy  to  relaftse.  Formerly  the  chief  cause  for  the  recurrence  of 
inflammation  was  suppoi^ed  to  lie  in  the  posterior  synechia*  left  by 
first  attack  of  iritis.  It  was  beUeved  that  in  the  constant  movement 
be  pupil  traction  was  continually  made  upon  the  iris  at  the  places 
dhesion,  and  thus  a  new  source  of  inflammatory  irritation  was  pro- 
d.  But  it  has  been  demonstrated  that  relapse.s  are  to  be  appre- 
|ed  only  in  certain  eases  of  posterior  synechias.  If,  for  ingt^nee. 
lK>dy  has  had  an  ulcer  of  the  cornea,  and,  as  a  result  of  it,  an  iritis 
I  willen  there  are  some  synechia  remaining,  he  need  never  fear^ 
pg  a  relapse^jf  his  iritis.  But  another  tnan  who  has  got  ^'nechi^ 
he  result  o^jui  iritis  with  a  conslitutioiial  basis  (e.  g,,  a  sypliili 1 1 c 
beumaTic  TriTij>)  can  very  reaüil.v  have  recurrences.  We  hence  c^n- 
e~fhat  what  produces  the  recurrences  is  not  the  synechia?»  but  the 
inuance  of  the  same  coastitutional  cause  that  was  accountable  for 
prst  attack  of  iritis;  and,  as  a  matter  of  fact,  we  sometimes  see  a 
^litic  patient  suffering  from  a  recurrence  of  his  iritis  even  when 
first  attack  has  got  well  without  leaving  any  synechia*;  or  w^e  see  a 
rrence  affecting,  not  the  eye  that  was  previously  diseased,  but  the 
r  eye  which  has  hitherto  been  sound.  The  recognition  of  the  fact 
one  or  two  synechia*  are  in  themselves  of  no  great  significance  has 
an  important  practical  result:  the  numerous  operative  methods 
{ned  for  the  division  of  synechia  have  now  been  entirely  given  up. 
Recurrences  of  iritis  are  often  le^s  severe  than  the  primary  inflam- 
ton;  but,  as  they  are  pretty  frequently  repeated,  and  as  they  leave 
fw  exudate  after  them  each  time,  they  ultimately  lead  to  serious 
Iges,  such  as  seclusio  and  occlusio  pupilla^, 

The  outcome  of  inflammation  may  be  a  perfect  cure  in  light  cases. 
'g3nQechi£e  rupture,  leaving  behind  tags  of  pigment  attached  to  the 
irior  capsule,  which  are  unproductive  of  injury  to  the  eye.  The 
Dpyon  disappears  by  resorption.  The  deposits  generally  persist  for 
tig  time  (for  months),  until  they  also  are  removed  by  resorption. 
Iiany  cases  they  leave  at  the  spot  where  they  were  situated  a  perma- 
opacity  of  the  cornea  in  the  shape  of  a  gray  speck,  or  the  pigment 
18  contained  in  them  remains  permanently  as  a  black  dot.     The 
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slighter  vitreous  opacities  may  also  disappear  completely  by  resorption. 
In  most  cases,  however,  permanent  seoueUe  remain  after  iritis  and 
cyclitis.    These  are —  ^^      '  ""^ 

'  rr  Posterior  SyneckixB, — ^These  are  the  most  frequent  of  the  sequel« 
of  iritis.  If  only  a  few  are  present,  they  cause  no  special  injury  to  the  eye, 
and  also  produce  little  or  no  impairment  of  sight.  Very  much  worse  is  the 
annular  posterior  synechia  or  sedrmo  vuvUUb.  By  this  the  conununication 
between  tte  anterior  and  the  postenor  chamber  is  obUterated.  The  aqueous 
secreted  by  the  ciliary  processes  can  no  longer  pass  through  the  pupil  into 
the  anterior  chamber;  it  hence  collects  in  the  posterior  chamber,  pressing 
the  iris  forward.  A  hump-shaped  protrusion  of  the  iris  is  thus  produced, 
which  finally  reaches  as  far  forward  as  the  cornea,  while  the  pupil  is  repre- 
sented by  a  crater-shaped  retraction  of  the  pupillary  margin  which  is 

attached  to  the  lens  capsule  (Figs.  175 
and  178).  In  consequence  of  being  so 
greatly  stretched,  the  ins  becomes 
atrophic.  To  this  condition  elevation 
OF  the  intra-ocular  pressure  (secondary 
glaucoma;  see  §  86)  is  added.  The  in- 
creased hardness  of  the  eye  can  be 
established  by  palpation;  the  anterior 
ciliary  veins  are  dilated;  the  cornea  is 
dull  and  less  sensitive  to  touch;  the 
sight  fails,  with  a  decrease  in  the  field 
of  vision  starting  from  the  nasal  side, 
until  at  length  the  perceptioji  of  Ught 
is  entirely  abolished.  Then  the  forma- 
tion of  scleral  ectasise  takes  place  in  the^linded  eye  in  the  shape  of  an- 
terior and  equatorial  staphylomata  of  the  sclera.  Seclusio  pupill«, 
accordingly,  if  it  is  not  remedied  in  time,  infalliblv  leads  to  blindness. 

2.  PupiUary  Membrane  (Ocdusio  PupiUoe). — This  causes  an  inter- 
ference with  vision,  the  degree  of  which  depends  upon  the  thickness  of 
the  membrane. 

3.  Exudates  behind  the  Iris. — These  lie  either  between  the  iris  and  the 
lens  (forming  a  flat  or  when  of  greatest  extent  a  total  posterior  synechia) 
or  between  the  ciliary  body  and  the  lens  and  upon  the  posterior  surface 
of  the  latter.  In  severe  cases  they  form  a  coherent  fibrous  mass  which 
completely  envelops  the  lens,  and  which,  on  accoimt  of  its  solidity,  is  called 
the  cy clitic  hull  (s,  Fig.  176).  This  has  a  great  tendency  to  shrink.  In 
total  posterior  synechia  there  is  evidently  no  hump-shaped  protrusion  of 
the  iris — on  the  contrary^  the  anterior  chamber  in  the  be^nning  is  unusually 
deep  at  the  periphery  owing  to  the  retraction  of  the  ips  (6,  Fig,  176). 
Afterward,  wnen  atrophy  of  the  eye  sets  in,  the  anterior  chamber  often 
becomes  shallower  again,  because  iris  and  lens  together  are  pushed  forward. 

Either  the  repeated  recurrences  of  an  acute  iritis  or  the  sluggishly  pro- 
gressing chronic  inflammations  may  lead  ultimately  to  atrophy  of  the  iris. 


Fia.  178. — Protrusion  of  the  Iris  in 
Seclusio  Pupill^b. 

After  Csermak-ElBchnig. — The  figure  also 
shows  the  method  of  performing  transhxion  of 
the  iris  (see  'i  108). 
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his  is  characterized  by  a  bleached-out .  pray,  or  grayish-brown  aspect 
'  the  irb  (resembling  gray  fell  or  blotting  paper);  the  delicate  markings 
bf  the  anterior  surface  have  disappeared,  and  tn  their  stead  dilated 
ires^^^U  can  often  be  recognized  as  reddi.sh  blotches  upon  the  surface 
the  iris.     The  pupillary  margin  is  thinned  down,. often  looking  as  if 
had  been  frayed  out;    the  reaction  of  the  iris  is  diminished  or  al to- 
other lost.     The  great  friability  of  the  atrophic  iris  often  renders  the 
:)rrect  performance  of  iridectomy  impossil^le. 
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Fio.  179,-— Atbofiit  op  thb  Etxbaxl,     (In  part  after  Wedl-Bock.) 

<t  eye  L*  »m&Ucr  iinfl  of  irTPiciUajr  nhapo,  chiefly  from  ihc  ffniovini;  f*f  Hic  sclera,  S,  behttid  th» 

I  of  attftcJunent  of  rhe  ci-cutar  tuUArlM«  the  rertu»  int^rnu««.  /i,  and  llie  rectu;*  fxt«rmia,  rr.    The 

.  C  J*  ilinuiif-lK^J  in  -.ii»\  f|iitt«!iieH,  and  wrinkl«^.i,  eHperially  on  it»  posterior  KiirfB<%     At  it4*  inner 

it  t"  !  cirfttrix,  A\  which  wa*«  prtHiucH"<l  by  th*t  injury,     Thf  nnt««nor  chttmh«sr 

How;  :rn*Hi  ajrul  form«  an  ytihroken  »urfac*.  because  the  pupil  i-i  clojue«!  by  exu- 

l^hijL  ..f  shrunken  len»,  I,  and  behind  thlji  it^  the  ptrwat  buJi  of  cvflitir  ni^in,brane» 

^•hrifikifitc  itf  which  t*  the  cauw  of  the  alrophy  of  ihe  eyeball.  By  rejMon  of  Mui*  ^hrinkins.  the 
prtH"«««««!,  the  piirrnent  layer  of  which  hafl  nxarketlly  proliferntetl,  are  drairn  in  townnj  tlie  ceti* 
d,  loKtiilher  with  the  adjacent  e)iorjoid,  rA,  are  detavhed  frotn  the  sclera;  >>etwe«n  the  tvro  mtruc- 
•een  the  disjoined  lamelke  of  the  flupraehorioid  membrane,  o.  The  retnru^  r,  i'^  detacherJ  and 
i  into  a  funnel,  wtvicti  incio?««»  the  remaini*  of  the  deireneralefi  ii  itreou^.  The  itubretinal  9pBee, 
with  ft  fluid  rich  in  albumin.    The  optic  ncrk*e,  o^  \*  thinner  than  normal  and  ii*  atrophic. 


The  exudates  whieh  lie  behind  the  lens  in  the  vitreous  (r.  Fig.  179) 

cause  by  their  contraction  a  diminution  of  volume  of  the  vitreous;   the 

ireball  then  becomes  softer    The  shrinking  of  t^i^  y'^t^*^^^^''  Uh  I^'ig-  179} 

3ult;s  in  detachment  of  the  retioa  (r)  from  the  chorioid;    in  part  also 

is  detachnu^nL^-^l^t-uduced  by  direct  traction,  since  the  hull  of  cyclitic 

aembranes  a^  it  shrinlcs  attaches  it  sell  to  the  inner  surface  of  the  retina 

ind  draws  it  out  of  its  bed.     In  consequence  of  the  detachment  of  the 

etina,  complete  blindness  ensues.     This  state  of  things,  consisting  of 

iminished  tension  of  the  eyeball,  with  decrease  in^its  size  and  with 

^mplete  liTindness,  is  known   as  atroph tf  of  the  effehalL     An  atrophic 

eyeball  presents  the  following  picture:   The  whole  ej'e  is  smaller  and  of 

Üebtiy  quadrangular  shape.     This  is  because  the  four  recti  muscles, 
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stretching  across  the  equator  of  the  eyeball,  press  the  sclera  in  some- 
what at  this  spot,  and  hence  produce  flattening  at  the  four  sides.  With 
the  higher  degrees  of  atrophy  quite  deep  furrows  are  formed,  so  that 
the  eyeball  has  the  form  of  a  bale  of  goods  grooved  by  the  cord  with 
which  it  is  tied.  The  cornea  is  smaller,  often  opaque  and  flattened;  at 
other  times,  again,  transparent,  Put  abnormally  protuberant  or  wrinkled. 
The  atrophic  iris  is  either  pressed  quite  against  the  posterior  sur- 
face  of  the  cornea,  or  an  anterior  chamber  still  exists.  In  the  latter 
case,  we  find  the  chamber  bounded  behind  by  a  firm  diaphragm 
in  which  the  iris,  which  is  imbedded  in  the  hull  of  exudate,  is  often 
but  indistinctly  recognizable.  If  the  pupil  is  still  distinguishable,  a 
membrane  and  the  opaque  lens  are  found  in  it.  The  eye  is  softer,  and  is 
often  sensitive  to  the  touch.  In  the  later  stages  markedly  hard  spots 
(ossified  exudates)  may  sometimes  be  felt  through  the  sclera. 

Atroph vLdevelops  gradually  during  a  course  of  months  and  years. 
The  inflammation  and  the  pain,  which  have  been  present  for  a  long 
time,  disappear  when  the  atrophy  is  complete.  But  even  then  sec- 
ondary attacks  of  pain  occur,  especially  if  the  eye  harbors  a  foreign 
body,  or  if  ossification  of  the  exudate  takes  place. 

4.  Opacity  of  the  Lens. — This  develops  in  consequence  of  the  dis- 
turbed  nutrition  of  the  lens.  If  merely  a  few  synechifle  are  present,  it 
is  rarely  observed;  on  the  other  hand,  it  is  observed  with  proportion- 
ately great  regularity  when  seclusio  pupillae  has  existed  for  a  long  time, 
and  particularly  so  in  those  severe  cases  in  which  the  lens  is  completely 
swathed  in  cyclitic  exudates.  Such  a  cataract  is  denoted  by  the  name 
of  Cataracta  complicata  or  Cataracta  accreta  (=  grown  fast  to — ^i.  e., 
grown  fast  to  the  iris).  In  atrophic  eyeballs  the  lens  is  always  opaque, 
and  generally  shrunken  as  well. 

'  Atroj^^H^^ps  may  set  in:  (1)  As  a  result  of  long  continued  or  frequently 
recurringlfflSmmSnon.  (2)  In  consequence  of  increase  of  tension.  Here  the  main 
agent  is  the  compression  of  the  blood-vessels  at  the  root  of  the  iris,  which  Is  pushed 
away  from  the  ciliary  body  and  against  the  sclera  (Figs.  217  and  218) .  The  atrophy  often 
develops  quickly — in  attacks  of  inflammatory  glaucoma,  sometimes  within  a  few  days. 
(3)  In  consequence  of  iridodialysis,  as  the  result  of  which  the  vessels  running  from 
the  circulus  arteriosus  iridis  major  to  the  iris  are  ruptured.  (4)  In  consequence  of 
traction.  This  occurs  when  the  iris  is  attached  both  at  \ta  ciliary  and  at  its  pupillary 
border,  and  the  distance  between  these  two  points  gradually  increases.  This  is 
most  frequently  observed  when  the  iris  is  incarcerated  in  a  scar  of  the  cornea,  and 
subsequently  this  scar  or  the  entire  eyeball  becomes  ectatic.  So  too,  stretching  of  the 
iris  occurs  when  the  pupillary  margin  of  the  iris  becomes  attached  to  the  capsule  of 
the  lens  in  childhood  as  the  result  of  iritis,  and  later  on,  with  the  growth  of  the  eye 
the  distance  between  the  ciliary  and  pupillary  margins  increases  (Fig.  180).  (5)  In 
consequence  of  a  too  thorough-going  absorption;  for  example,  when  swelling  fragments 
of  the  lens  lie  upon  the  iris  and  are  gradually  absorbed — a  process,  the  resät  of  which 
sometimes  is  that  at  the  spot  where  the  fragments  are  situated  a  portion  of  the  iris 
tissue  also  disappears.     (6)  In  advanced  age. 

The  appearance  of  the  atrophic  iris  likewise  varies,  as  follows:  (1)  After  inflam- 
mation and  increase  of  tension  the  iris  is  like  gray  blotting  paper,  since  owing  to  the 
shrinking  it  has  become  flat  and  hence  has  lost  it«  delicate  relief,  and  since  furthermore 
the  pigment  of  the  stroma  in  great  part  has  been  destroyed.    For  this  reason  too  a 
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im  by  atrophy  hecames  gray.  (2)  Aa  a  result  of  a  cirnimarriho^l  ofFaroment  of 
«trorna  pigment,  liRht  colored  or  even  white  spot«  are  fornied  in  the  iris  (in  gjau- 
na  aiul  after  abaonition  of  len»  fragments).  There  are  cases  in  wtiich  the  iris  haa 
mimerotw  little  white  spots  on  its  anterior  surfaces  (vitiligo  iridis).  Hince  the  fiiBt  case 
which  MüDer  deseribeii  in  my  elinii-  I  have  seen  several  others.  In  aU  these  cases  the 
patients  had  had  variola,  whieh  without  doubt  must  be  regarded  as  conneeied  with 
tlk0  apotty  atrophy  of  the  iris  stroma.  (3)  Blaek  Sf)OtJä  form,  when  not  only  the  stnitna 
pigDOent  but  also  the  stroma  itself  has  disappean-d,  so  that  the  n^tinal  pigment  layer 
liet  rxposed.  (4)  If  the  latter  also  is  deslrfjytni,  complete  gaps  are  foniHxl  in  the  iris. 
W©  can  then  throw  light  through  these  with  the  Ophthal mosrope,  and  the  patient  too 
can  aei»  through  them,  thus  regaining  vision  when  previously  he  was  blind  because  of 
domre  of  the  pupil  proper  (Fi«.  ISO).  If  the  atrophy  affects  the  root  of  the  iris,  which 
IS  &  specially  thin  part  even  when  the  iris  is  normal  a  S[X>ntiineoys  iridoilialysis  is  pro- 
ducHHi  (^  73).  (5)  Diminution  in  sibg  of  the  iris  always  occurs  in  conjunction  with 
atrophy  of  the  latter,  when  the  pu])illary  margin  is  not  so  attached  to  the  capsule  that 
auch  a  diminution  in  size  would  be  prevented.  In  glaucoma  the  iris  may  become  so 
small  aa  to  disappear  either  in  part  or  altogether,  becÄUse  it  is  concealed  behind  the 


FlQ.  180~^AF9  IN  TSifi  Ikib.    M nullified  2 X  L 

,  L*ft  ertf  of  Ji  girl  who  ft»  che  reaiilt  of  heiTtlitftrj^  luM  hftd  Ik»co mo  adeemed  in  •'^ 
jtli  A  Inlnt^ral  irifl(i-c>rliiliri  witti  Acrltii^irj»  and  ttccltiiuo  ptipill».     t'p  to  the  ,, 
I  blind;  thrn  owing  to  the  spotitutirou»  rurmation  oi  gnp»  in  the  iris  of  both  o 
"1  fJttOBl  that  »W  wofl  ttbic  to  ro  lo  -■'»cbw*!.     At  the  »p»  of  twenty-tn^-  -^- 
oua    kertititi».      lo   the  mentbranf  which  close-ii  the  pupil 

J  v:M>*-     On  tho  ua»al  »id«.*  the  -«troma  of  the  iris  ba.^  di?'   i 

*^^  I-**  of  it  only  n  tev  itray  ridga»  oorTCflponding  to  thp  Irirjrr  r  ■ 
1  Im-  rt'jtion  of  the  »phii^cter  of  the  iris.     Belw<>en  th«*!«+   r    i         i  i  >       ,  - 

.1  pigment  if»  t'Sfiowd  to  view  or  i»l(w  Ijcrnuw  it  i«  ni    >  i    a 

,  iii  it  Absent  wc  caia  took  risht  into  thc^  interior  of  ih»   t>i    i^iüi  ttu 

?  m%  Qt  the  in»  t«  to  «  moderate  entcm  atrophic  and  lU  radiating  libers  are  tenaely 


■  -'  hi*r 


"P'<^"* 

«t  notched. 


[id)üs.    {(\)  When  the  pupillary  margin  is  free,  the  j^hrinkifiK  iris  stroma  ysuallyjiraws 

rrtinal  pigm(*nl  layer  fi;r3uin,'i,l|y  itv#^p  tipr^n  rtjf>  jinterior  mirfactv      i  be  tiroWj?  rim 

ng  the  pupilhtry  inar^ci»  hence  beeonu^s  urogre^ivelv  broader  (ectropion  of  the  pig- 


Uiry  j^ 

entllayer,  V\ii.  'lis, 

ihe  dilated  vessels  that  are  frequently  vinible  in  the  atrophic  irin  have  ciuitc  often 
I  coursar*  that  does  not  in  any  way  corre^jjond  with  the  regular  radial  arrangenjeni  of  the 
Drinal  vessels  of  the  iru?.    As  a  matter  of  fact,  veasels  of  this  sort»  as  anatomical  exam- 
lion  shows,  do  Qot  he  in  the  iris  itself,  but  in  a  thin  exudation  membrane  deposit  oil 
fi  it.    Often  they  extend  over  the  pupillary  border  into  the  pupil,  i.  c,,  into  the  pupil- 
membrane. 

The  protnmon  of  the  iris  in  RH'lusio  pupilhe  does  not  take  place  unifonnly,  but, 

the  formation  of  projecting  prominences  separated  by  constrictions.    The  latter 

ul  the  more  reslatant,  radial  fibers  which  lio  not  ipve  way  before  the  pressim^  of 

^ueous  until  afterward.    The  condition  in  which  the  in«  is  found  prot Hiding  in  a 

eater  part  of  it«  circumference,  while  one  sector  of  It  remains  in  its  normal  Hitualion, 

[genertdly  referable  to  the  fact  that  at  this  spot  an  adhesion  of  the  surface  of  the  iris  tt» 

icn»  exists,  preventing  its  protrusion  (Fig^.  18.3  and  184),    It  would,  therefore,  be  a 

Mihkv  to  select  just  this  spot  for  performing  an  iridectomy,  although  on  other  accounts 

.  would  seem  to  be  very  suitable  for  such  a  puri^ose.  because  of  the  greater  depth  of 

chamber  there.    If  the  iris  has  been  piLshctl  forwanl  as  far  as  the  cornea,  it  may 

ne  agji^lutinateil  to  the  latter  in  jthu'es,  and  in  this  way  anterior  synechiie  may  bty 

Liced  without  there  having  t*ver  Ix^en  a  perforation  of  the  coniea  (see  page  30Jij 

•xit^vLiw:»  *#v^  '^^  K^fct  «v^ii^A^  /<> 
A4  HLo^yA  M^mUM^--  \^st^  v^^fJUäM.(mM*f{ft^^ 
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When  in  a  case  of  seclusio  pupills  the  iris  is  pushed  forward  as  far  as  the  ccmiea, 
there  is  not,  for  all  that,  a  complete  aboliHon  of  the  anterior  chamber^  the  latter  heaag 
still  present  in  the  region  of  the  pupil.  It  is  otherwise  in  those  cases  in  which  the  sechisio 
pupillse  has  been  produced  not  by  irido-cyclitis,  but  by  inclusion  of  the  whole  pupillary 
margin  in  the  orifice  of  a  corneal  perforation  due  to  ulcer  or  injury.  In  this  case  the 
liquid  which  accumulates  in  the  posterior  chamber  pushes  the  iris  in  actually  its  whole 
extent  against  the  cornea  so  that  all  traces  of  the  anterior  chamber  vanish.  Afterwards 
the  iris  becomes  agglutinated  to  the  cornea  and  ultimately  becomes  so  atrophic  as  a 
result  of  the  increase  of  tension  that  only  its  retinal  pigment  is  left  to  cover  the  posterior 
surface  of  the  cornea — a  state  of  things  which  is  particularly  often  met  with  in  staphy- 
lomata  of  the  cornea  (see  page  314  and  Figs.  122-124).  Finally  complete  abolition 
of  the  anterior  chamber  is  produced  in  rare  cases  because  the  lens  together  with  the 
iris  is  pressed  against  the  cornea  as  a  result  of  a  tremendous  increase  of  tension  in  the 
vitreous  cavity  (glaucoma  malignum,  intra-ocular  tiunors).  In  all  the  cases  above 
cited  of  abolition  of  the  anterior  chamber  the  intra-ocular  pressure  is  increased.  In 
this  fact  lies  a  diagnostic  sign  distinguishing  them  from  other  cases  of  absence  of  the 
anterior  chamber,  in  which  the  intra-ocular  prei^re  is  found  to  be  diminished.  To  these 
latter  cases  belongs  abolition  of  the  anterior  chamber  due  to  leakage  of  the  aqueous, 
either  outside  through  a  wound  or  fistula  or  into  the  suprachorioidal  space  in  detachment 
of  the  chorioid  ( §  78) .  Furthermore,  the  iris  and  lens  may  be  pushed  forward  by  a  cy clit  ic 
membrane  situated  behind  the  latter,  in  which  case,  too,  the  eye  is  softer  than  normal. 

The  cornea  in  irido-cyclitis  suffers  harm  through  the  deeply  situated  infiltrates 
that  may  form  in  it  (see  page  285),  through  the  deposition  on  it  of  exudate  (deposits, 
hypopyon),  or  through  the  contact  of  the  iris,  which  when  lasting  a  long  time  produces 
corneal  opacity  (page  284).  In  the  stage  of  atrophy  of  the  eyeball  a  zonular  opacity 
frequently  forms  upon  the  cornea.  Keratitis  bullosa  and  vesiculosa  also  often  make 
their  appearance  in  eyes  which  are  blinded  by  irido-cyclitis. 

Anatomical  Findings  in  Irido-cyclitis. — Inflammation  of  the  uvea  is  generally 
produced  by  ectogenousor  endogenous  infection  (see  page  33). 

^  Our  best  information  with  regard  to  the  anatomical  changes  is  derived  from  the 

cases  of  ectogenous  infection  produced  by  a  perforating  injury^  because  such  cases  most 
often  come  to  enucleation  and  consequently  to  anatomical  investigation.  It  is  these 
cases,  therefore,  that 'we  shall  consider  first.  The  clinical  and  anatomical  picture  of 
inflammation  produced  by  the  injury  varies  according  as  its  starting  point  is  in  the  anterior 
or  posterior  division  of  the  eye,  that  is,  the  aqueous  chamber  or  the  cavity  of  the  vitreous. 

When  an  infection  has  taken  place  in  the  region  of  the  aqueous  chamber^  either  from 
the  introduction  of  the  bacteria  into  the  aqueous  or  into  the  tissue  of  the  iris  and  ciliary 
body,  the  inflammation  breaks  out  first  in  these  two  structures.  The  iris  is  thickened, 
its  blood  vessels  distended.  In  its  tissue  lie  uninuclear  and  multinuclear  leucocytes  in 
great  abundance,  and  also  a  few  red  blood  corpuscles;  in  particularly  severe  infection 
the  tissue  is  permeated  with  extensive  extravasations  of  blood  and  is  often  to  a  large 
extent  necrotic.  In  the  ciliary  body  it  is  mainly  the  lax  tissue  which  adjoins  the  sinus 
of  the  anterior  chamber  that  is  infiltrated  with  leucocytes;  and  when  the  infiltration 
is  great  this  tissue  often  can  scarcely  be  differentiated  from  the  hypopyon.  From  the 
inflamed  tissue  the  exudate  migrates  into  the  aqueous  chamber;  the  endothelial  mem- 
brane, which  lines  the  sinus  of  the  chamber  and  the  iris,  being  at  the  same  time  exfoli- 
ated. The  exudate  coagulates  on  the  surface  of  the  iris,  forming  a  layer  which  consists 
of  a  delicate  network  of  coagulated  fibrin,  which  encloses  leucocytes  in  varying  amounts 
(Fig.  168).  This  coating  of  fibrin  extends  on  the  one  hand  within  the  pupillary  area 
over  upon  the  anterior  capsule  (Fig.  169),  and  on  the  other  hand  it  often  also  covers  the 
posterior  surface  of  the  cornea  (Fig.  177).  The  aqueous  chamber  may  even  be  entirely 
filled  by  such  an  exudate  (Fig.  181 ) .  The  more  severe  the  inflammation  is,  the  more  leuco- 
cytes the  exudate  contains,  and  the  hypopyon  consists  almost  exclusively  of  leucocytes. 

In  less  severe  cases  in  which  we  have  to  do  with  an  exudate  of  a  more  fibrinous 
character,  the  latter  may  disappear  without  leaving  a  trace  or  may  lead  to  only  a  partial 
adhesion  of  the  iris  to  the  lens  capsule.    In  severe  cases  the  exudate  becomes  organised 
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into  Qoonectiye  tissue.  The  im  Is  then  co%^erefi  by  a  canne^-tive-tiMue  pellicle  (Pig. 
170),  wliieh  18  often  quitt?  thick  and  not  infrwiuently  containjs  new-formed  veaaels^  which 
hAve  grown  from  the  iris  in  to  the  membrane*  The  surface  of  this  pellicle  ia  soraetimes 
cxivered  by  a  new-formed  lamina  vitrea  which  at  the  angle  of  the  chambcf  becomes 
continuous  with  Dt^cemet's  membrane.  From  the  surface  of  the  iris  the  iritic  mem- 
brane, crosainK  the  pupillar>'  margin  which  is  solidly  adherent  to  the  lens  capmile.  paaaea 
into  the  pupil  and  closes  it  up  (Figs.  170  and  171).    The  organised  exudate  often  glueB 
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FtO.    181, — Iftltio-CTcun»  AWTKtk  Pebporatino  Injuht.    Magnified  30  X  1. 

fa  the  drAwiriR  only  a  part  of  the  anterior  divisii3D  of  the  eyeball  is  rc?t»f«*8e'0t«Nl.    Th«*  cornea.  C^ 

and  the  w^kra,  S,  ar<*  uncbcio«*«d      OwiFjg  tr»  th«?  fitct  flint  the  aqiKPou»  ta  rich  id  fibrin,  nad  hvnri»  ia 

eoMgtilnTpii  hv  rh?  hArdcninic  fluide  u*ed,  the  «nleriur  chamber.  Ä,  is  filled  with  n  denw   nctMrurk  of 

t}  i«olat«Mj  round  p«II«  ({»miffrated  whit«  blood  oorpumrlen).    Th*rj*  round  relS»  »re  par- 

I  ti  -  upon  the  surface  of  the  irii«  and  above  all  tn  the  ainu«  of  the  rhaniber;  in  fact,  thry 

f^i  k't«Iy,  and  form  in  it  a  low  hypopyon  which  waa  viaible  in  the  livnnjK  «yc-    A  marked 

rrllui"  n  can  be  se^n  jturrutmdtnft;  Hchlemm*B  canal  and  the  cro»  teetionit  of  the  ant(?nor 

cth»r\  tod  above  the  canal.     The  iria,  /,  »pp<*nr»  broadc«ned,  aa  aeen  in  eroaa  aeoiion,  rtu* 

appe»r..  ^|.H)ndin{E  with  the  «welling  whirh  eii!«t<Hi  in  the  living  eye,     Ita  veaseLs  are  dilatedt 

and  »rr  idifrnflcd  with  blood.     In  it»  stroma,  partirulörly  in  the  pontfrior  layers,  there  »re  veih   vi»* 

ihie  in  «Teat  Dumber»;  it»  retinal  ninmont  laver  is  thickened  nud  I'wjwned,     The  Kreole*t  euiisratioo 

t4  ci^n»  ha»  takect  plaee  ffxim  the  blood-veMwfs  of  the  riliury  body,  the  direction  pursued  beinir  a  cen- 

il  oBe — i.  e-,  toward  the  interior  of  the  eye.     Hence  rht-  Infiltration  in  the  ciliary  mu«cle,  M,  ia 

^lil,iQ  the  ciliary  procefwea,  P,  it  ia  rather  more  pronounced,  and  upon  the  surface  of  the  latter 

'   fnf>5t  mnrkcd  nf  nl!,  «n  that  the  outer  HmitA  of  the  proee**C!*  »re  concealed  by  the  deoje  ma«a«a 

1"      '  ff,  ia  pressed  away  by  the  exudate  from  the  surface  of  the  ciliary 

»r  chaiiilH'r,  like  tho«?  of  the  anterior,  are  formed  of  a  fin«  network 

in  tt,  thettc  latter  being  formed  in  specially  Urct'  number«  along  the 

up*  of  fibers  eompo"*ii>«  the  soniiile  of  Zinn  are  «cen  under  the  form 

iigh  the  coairularcd  conlcnts  of  the  posterior  chamber  to  the  lena. 

Ml  J  Ell  of  it»  anterior  rap*<ule  and  the  nuclear  ring  and  shows  no  marbia 

r  hange 

Ib9  periphery  of  the  iris  to  the  cornea  and  may  also  in  places  cover  the  posterior  surface 
of  the  latter  The  iris  itself  gets  to  be  atrophic.  It  is  thinner  and  its  lax  n*ticu!ate 
tiÄue  is  transformed  into  a  rigid  fibrillary  conneetivt'  tissue.  The  gracefully  branched 
chn^matophores  are  in  large  part  changed  to  thick  round  cells  filled  with  coarse  pigment 
jtratjuk«  (Fig.  168).  The  blood-vessels  have  thickened  walls  of  a  hyaline  appearance 
and  many  are  quite  obüteratecK  The  sphincter  pupiUiB  and  the  retinal  pigment  offer 
the  kmceat  resietance  to  the  atrophy. 
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As  an  addendum  to  the  description  of  the  exudation  in  the  region  of  the  anterior 
chamber,  mention  may  be  made  here  of  the  precipitatea,  although  these  are  not  usuaUy 
present  in  acute  infianmiation  due  to  perforating  injury,  but  mainly  accompany  the 
chronic  inflanunations  of  the  uvea.  The  precipitates  are  conglomerates  of  round  cells, 
many  of  which  contain  pigment  granules,  thus  showing  their  origin  from  the  uvea  (Fig. 
177,  P).  The  precipitates  lie  on  the  endothelimn  of  Descemet 's  membrane,  which  at 
the  outset  is  perfectly  normal,  and  not  till  later  on  undergoes  destruction  beneath  the 
accumulations  of  cells  formed  by  the  precipitate  (Fig.  177,  e).  By  many  authors  the 
term  iritis  serosa  is  used  for  the  cases  of  uveitis  that  are  associated  with  precipitates. 
But  this  name  ought  to  be  rejected,  for  the  precipitates  are  certainly  not  a  serous  exudate, 
and  those  cases  in  which  there  is  formation  of  precipitates  and  in  which  changes  in  the 
iris  itself  are  not  appreciable  should  not  be  called  iritis  at  all,  but  cyclitis  (page  390). 

The  more  severe  the  irido-cyclitis,  the  more  does  the  tissue  that  lines  the  posterior 
chamber  share  in  the  inflammation.  Then  it  is  above  all  the  ciliary  processes  and  mainly 
the  most  superficial  portions  of  their  tissue  that  are  infiltrated  with  emigrated  leu- 
cocytes. The  exudate  that  comes  out  on  the  surface  detaches  the  two  retinal  layers  of 
the  ciliary  processes  and  covers  the  siu^ace  of  the  processes  (Fig.  181).  Of  less  amount 
is  the  exudation  which  passes  from  the  tissue  of  the  iris  out  upon  its  posterior  surface 
and  produces  a  detachment  of  the  posterior  of  its  two  retinal  pigment  layers. 

The  exudate  poured  out  into  the  posterior  chamber  afterwards  becomes  organized 
into  the  cyclitic  membranes,  which  form  solid  adhesions  between  the  lens  on  the  one 
hand  and  the  iris  and  ciliary  processes  on  the  other  (Fig.  176).  The  ciliary  processes 
which  are  imbedded  in  the  membranes  become  atrophic;  on  their  surface  the  unpig- 
mented  and  the  pigmented  layer  of  the  retinal  lining  undergo  proliferation,  and  send 
long  rows  of  cells  into  the  firm  connective  tissue  of  the  membrane,  which  moreover 
contains  new-formed  vessels  emanating  from  the  ciliary  processes.  The  lens  gradually 
becomes  opaque.  If  the  lens  capsule  is  injured  either  as  a  result  of  the  traumatism 
itself  or  later  as  a  result  of  its  destruction  by  the  exudate  that  presses  against  it,  the 
lens  substance  disintegrates  and  gradually  disappears,  and  the  exudate  enters  the  cap- 
sular sac.  This  exudate  here  too  becomes  organized  to  form  connective  tissue,  and 
may  ultimately  become  ossified,  so  that  the  picture — to  be  sure,  only  an  apparent  one— 
of  ossification  of  the  lens  is  produced.  The  cyclitic  membrane  is  often  extremely  tough, 
so  that  it  grates  when  cut  through;  not  infrequently  it  contains  small  laming  of  bone. 
Owing  to  its  contraction,  the  ciliary  processes  are  elongated  more  and  more  and  are 
drawn  into  the  interior  of  the  eye.  This  constant  traction  upon  a  tissue,  so  richly  sup- 
plied with  nerves,  is  one  of  the  causes  of  the  constantly  present  or  constantly  recurring 
pain  that  distresses  the  patient  in  so  many  cases  of  old  irido-cyclitis. 

Since  that  surface  of  the  ciliary  body  which  looks  backward  and  inward  adjoins 
the  vitreous  and  is  separated  from  it  only  by  the  fibers  of  the  zonula,  it  is  easy  to  under- 
stand that  in  case  of  severe  inflammation  leucocytes  will  pass  from  the  ciliary  body 
into  the  vitreous.  So  in  many  cases  in  which  the  infection  at  first  has  affected  only  the 
aqueous  chamber,  it  happens  that  later  the  vitreous  cavity  is  also  attacked  by  the  inflam- 
mation. In  other  cases  the  inflammalian  begins  in  the  vitreous  cavity,  this  occurring 
when  the  agents  causing  the  inflammation  have  been  introduced  into  the  latter  first. 
These  agents  act  primarily  on  the  surface  of  the  membranes  that  line  the  vitreous  cavity, 
i.  e.,  the  ciliary  body  and  retina.  The  superficial  layers  of  the  ciliary  processes  are 
densely  infiltrated,  while  the  ciliary  muscle  which  lies  deeper  is  conmionly  but  httle 
changed.  An  exudate  lies  on  the  surface  of  the  cifiary  processes  (Fig.  182,  b  b)  and 
from  them  extends  into  the  saucer-shaped  depression  between  the  lens  and  vitreous. 
In  the  retina  too  it  is  primarily  the  inner  layers  that  are  infiltrated  with  emigrated 
leucocytes,  these  being  particularly  aggregated  about  the  retinal  veins  which  they  sur- 
round witii  dense  envelopes  consisting  of  cells  (purulent  retinitis).  The  optic  nwve- 
hcad  is  also  swollen  and  infiltrated.  From  the  retina  the  exudate  passes  out  upon  its 
inner  surface,  which  in  severe  cases  is  often  covered  to  a  large  extent  with  a  layer  of  pus 
(Fig.  182  A,  c) .  Very  soon  the  infiltrated  retina  wrinkles  (in  Fig.  182  A  at  a  point  near  the 
outer  margin  of  the  optic  nerve)  and  becomes  detached  over  a  progressively  larger  f 
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The  infinit  rat  inn  of  the  retina  ami  of  the  papilla  and  the  detachment  of  the  retina  account 
(or  I  he  rapni  ihmiiiution  and  ultimate  exlirulion  of  hght  perreplion  in  the  cases  in 
which  the  inflammntioti  gets  a  foothold  in  the  vitrer>«M  cavity.^ 

The  rhorioiil  h  protected  primarily  by  the  retina  against  the  action  of  the  inEam- 


Wut.  182  A. — PusüLS}(T  Inflau ftiATTON  or  the  Ixncr  Coat«  of  tj?e  Ere,     HaBiioMTAt  Sectio». 

Scveo  Hay»  pn-viou«  ro  tho  efntnination  a  piece  of  iron  had  flowD  into  th<?  eyo  of  »o  «iKhte«n> 
f<Mir-cvld  buy  läm  be  w&9  vratrhing  a  *mith^  In  tbe  cornea  lh«rc  i»  n  ptfrforntinjc  wound,  a,  to  which  run» 
tlie  iri*.  A  p'.^-'I-t»  -tudate  covers  lh»j  inner  mrfac«  of  the  membranes  bnin«  the  vilrvou^i  ei»vity» 
tia.nte]v,  f  bt*  ,  fr  6,  and  the  retina,  c  c,     From  the  riliary  b^^dy  the  exudate^  d,  extends  over 

til«  wb<^le  p  •  tre  of  the  lent,     The  riliary  bndy  and  fetin»  ure  denwiy  ttiMttratfd,  wHde  the 

t*horio«d  I«  *f.ii-  <. ..,   ■  ...grilled.     Near  the  entrance  of  the  optic  nerve  the  retina  is  beginning  to  detarb 
imdipr  tb«!  furtn  ot  two  tolda. 


iWi 


(fla.  W2  B.— Sccnoäd  of  Et«  with  Thauhattc  StTFFini %«▼»  ReriTftna.     (Aitisr  Sebiöbl  in  Noiri« 

Oliverj— DJ 


*  Hence»  the  way  in  which  the  ti8;ht  perception  behave;«  ta  our  moal  im<portant  guide  fore«timatiog 
tb«  obÄacei»  in  llie  viireou.H  cavity,  Ainee  fluchchtuigen  ordinarily  are  not  directly  visible.  It  in  atiw> 
d*eiMVe  wUb  rejcaitl  to  the  question  of  enucleation«  tlic  latter  bring  indicated  aa  soon  iu>  Jie  light 
p«r»ciption  la  exünct.  It  ij' true  i  Hai  when  fluch«nuc  lea  led  e  yen  are  opened  it  it^  often  found  it^at  the 
fvtina  And  optic  nerve  do  not  display  the  icrnve  ebao^e«  that  we  ex.pect  to  find,  and  that  even  under 
itk^  mirriiii-<»iM'  th.'v  univ.^  tr»  be  tdmost  normal.  Thin  agrees  with  the  clinical  fact  that  la  many  ca^ea 
"I  ^formo*J  the  liitht  perception  which  hat»  be«o  atmost  tout  is   re?.tored.     It 

i  -'ea  th«  diminution  of  Tt^ht  perception  i»  caused  by  parmly«tu  of  the  retina 

Aii--  -.     -         -    .  ^--uuutau balance»  (toxins)  pcaetrataag  into  tbc««  part«  by  ailTuaiuu  from  tbo 

esud»(«r  If*  tit«  vitreoUA, 

2a 
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matory  agents  that  are  present  in  the  vitreous.  If  the  retina  beoonieB  detached  early,  so 
that  now  subretinal  liquid  separates  the  chorioid  from  the  inflamed  retina,  the  chorioid 
may  remain  exempt  from  severe  inflammation.  If,  on  the  other  hand,  the  retina  remains 
for  a  long  time  lying  on  the  chorioid,  the  inflammation  passes  over  to  the  latter;  and 
the  same  thing  happens  when  in  the  case  of  an  especially  severe  inflammation  the  retina 
in  places  undergoes  necrotic  disintegration  and  the  inflammatory  agents  can  then  act 
directly  on  the  chorioid.  The  inflamed  chorioid  is  densely  infiltrated  with  leucocytes, 
and  a  free  exudate  collects  both  on  its  inner  and  on  its  outer  surface.  The  outer  exu- 
date lies  in  the  subchorioidal  space,  and  lience  produces  a  detachment  of  the  chorioid. 
In  the  cases  in  which  the  inflammation  has  been  confined  to  the  anterior  chamber, 
changes  remain  which  indeed  are  grave  but  which  for  the  most  part  can  be  reheved 
by  operation  (§  72).  But  if  the  vitreous  cavity  has  been  the  site  of  the  inflammation, 
it  is  but  exceptionally  the  case  that  the  eye  is  preserved,  this  occuring  when  the  quantity 
of  exudate  has  been  so  small  that  it  is  absorbed  entirely  except  for  a  few  membranes 
left  behind  in  the  vitreous.  But,  as  a  rule,  owing  to  the  organization  of  the  exudate 
in  the  vitreous  with  the  subsequent  shrinking  of  the  new-formed  connective  tissue, 
atrophy  of  the  eyeball  sets  in.  The  first  sign  of  this  is  the  softening  of  the  eyeball  which 
then  gradually  becomes  smaller.  If  as  the  result  of  the  injury  a  pretty  large  scar  is 
present  in  the  cornea  or  sclera,  the  intra-ocular  membrane  commonly  becomes  connected 
with  this  and  when  it  contracts  causes  an  indrawing  of  the  scar — a  condition  which  is 
recognized  as  one  of  the  first  clinical  manifestations  of  beginning  atrophy  of  the  eye. 
When  the  eye  gets  very  much  diminished  in  size  the  sclera  becomes  furrowed;  one 
furrow  in  particular  is  formed  running  around  the  eye  behind  the  attachments  of  the 
recti  muscles  (S,  Fig.  179).  The  consequences  entailed  by  the  shrinking  of  the  new 
connective  tissue  become  noticeable  in  the  interior  of  the  eye  even  sooner  than  they 
do  exteriorly.  This  connective  tissue  draws  up  to  it  first  the  retina,  which  is  readily 
movable  anyhow  and  is  already  detached,  and  afterwards  the  ciliary  processes  and 
through  these  the  anterior  portion  of  the  chorioid.  Ultimately  there  is  formed  in  place 
of  the  vitreous  a  small-sized  mass  of  tough  connective  tissue,  boimded  in  front  by  the 
lens,  which  is  usually  opaque  and  shrunken,  and  by  the  iris,  which  is  joined  to  the  lens. 
These  two  latter  structures  are  sometimes  driven  forward,  sometimes  drawn  backward, 
the  anterior  chamber  being  thus  either  abnormally  shallow  or  abnormally  deep.  The 
former  condition  results  when  the  cyclitic  membrane,  which  originally  was  concave 
anteriorly,  is  stretched  into  a  plane  by  the  process  of  shrinking;  the  latter  condition 
develops  when  the  shrinking  makes  its  influence  felt  more  in  a  direction  from  before 
backward.  Laterally  the  cyclitic  membrane  is  bounded  by  the  ciliary  processes,  behind 
by  the  wrinkled  retina.  Beneath  the  latter  is  a  transudate  which  is  rich  in  albumin  and 
often  contains  blood.  A  similar  liquid  is  found  beneath  the  chorioid  between  dissevered 
lamellffi  of  the  suprachorioid.  The  chorioid  itself  is  often  but  Uttle  changed.  If,  how- 
ever, it  has  participated  to  a  rather  large  extent  in  the  inflammatory  process,  an  oigan- 
ized  exudate  forms  upon  its  surface.  This  at  the  outer  side  of  the  chorioid  forms  a 
firm  envelope  filling  the  suprachorioidal  s[)ace.  The  exudation  lying  on  the  inner 
surface  of  the  chorioid  often  becomes  ossified  so  that  in  atrophic  eyes  there  are  found 
here  sometimes  scattered  laminse  of  bone,  sometimes  a  thin  plate  of  bone  of  quite  large 
size  lining  the  posterior  portion  of  the  eyeball. 

In  the  severe  cases,  the  exudate  consists  simply  of  pus  and  is  incapable  of  under- 
going organization.  Here  too,  there  are  different  degrees  of  inflammation  according  as 
the  suppuration  is  circumscribed  or  extends  over  the  whole  vitreous  cavity.  Thus  in 
the  case  represented  in  Fig.  183  there  is  a  circumscribed  suppiu*atjon  in  the  vicinity  of 
a  foreign  body  that  had  penetrated  into  the  eye,  while  in  the  case  shown  in  Fig.  184  the 
vitreous  is  completely  replaced  by  pus.  If  the  anterior  division  of  the  eye  is  still  so 
transparent  that  a  look  into  the  deeper  parts  is  possible,  we  can  in  making  our  clinical 
examination  recognize  a  yellow  reflex  behind  the  lens  {'* abscess  of  the  vitreotu'*).  This 
afterward  becomes  enveloped  in  a  coimective-tissue  membrane  which  is  coimected  with 
the  ciliary  processes  and  the  retina,  so  that  these  structures  are  drawn  more  and  more 
into  the  interior  of  the  eye  äs  this  membrane  progressively  shrinks.  In  these  cases  too 
the  outcome  is  as  a  rule  atrophy  of  the  eyeball. 
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The  moat  severe  cafies  in  their  course  are  ibose  in  which  avjppuraiion  invadc-^j  the 
This  cKTUrrence  is  chnically  reeogiujiable  from  Urn  fart  that  by  the  infiammat  ion 
of  Ihe  sclera  an  inflnmnrntory  <pdonia  of  the  atliacent  cellukr  tissue  of  rhe  orbit  is  pro- 
<liH'*Hi  which  chiwcvj  exiiphfliabniii*,  rUinmU^ly  the  piia-eoaked  sclera  disinte^jfratc« 
aJtOf^ether  at  one  »pot  and  the  suppurating  c^ont-cnt«  of  the  eyehidl  are  disicharged 
«xtcriorly  {paru^phtfuilmitts,  §  7S).  The  eyeball  then  rapidly  shrinks  until  nothing  id 
left  of  tt  but  a  firniall  sttiinp  {phthiitvi  btdbi), 


Via.  183. 


FiQ,  184. 


i 


ehuii 


Fm.  183. — Abscesii  op  the  Vitbeoüs.     II0BUONT41,  Section.    A  ptrfumtiny  injury  had  been 

'  '  ^   CI  ptec«  of  iron  in  the  upp^r  and  iniier  quftdrant  of  The  »t'lem.     Vi  hen  ih<»  p&ti<*nt  pr<^ 

if  tive  dttyw  afterward  there  w»jk  irido-cychii«  with  hyptipyoti  anrl  u  pray  r«*ftiv\  U^hiud  tlia 

t*»fi«ion  of  lb*'  ^yv-  wa*»  somewhat  elevated.     In  the  eourw nf  ihe  trniiment  üw  iriiJo- 

vfHl,  but  the  deep  r«»fl€!X   intrrcttAed  and  became  yellow.     The  tension  of  the  eyr  tmmk 

rnial  and  rhi>  perci'ption  of  lijehC  wai*  aboli«h«d.  On  tliip  acrtmnt  theeye  wa«enucli^a(e<(l 
<*r  tho  in  jury.  The  -iie  of  the  wouknd  id  thewlera  is  pot  inehide«)  in  the  «action  lj*rc  repre* 
I  re.9ult  of  the  tnti^  there  jh  on  the  tempora]  iiide  an  adhe,xion  of  ihe  pupillary  nmrgin  to 
ule,  *ith  a  huinp-Iike  protrusion  of  the  ih?*.  On  the  nasnl  j^ide  tlie  iri*i  i a  adherent  over 
-i<»rior  purfftce  to  the  leii*^  capsule  and  tr*  the  exudation  meuihrane  which  fillj«  tli«  poeterior 
iii.fr.  iienee  it  drieji  not  protmde.  A  cycliiic  iiii<»nihrape.  a,  1»  also  vijuble  on  t lie  temporal  side 
(rmUy  «t  rutin  all  the  way  round,  lyinit  on  the  ciliary  hmwiyj»  and  on  the  temporal  «ide  it  ctuinect«  the 
C«jhar\'  ht^ly  wttb  thf  rrmrptin  of  the  len».  By  thp  traction  protiuc«!  by  this  membmn*»  I  fie  t'llmry  b<jdy 
id  *  ,         '         "  iioid  have  be«n  detjiche«i  from  the  fwlern;  on  tlierui-  '       '        '  '  detachment  of 

!l  tieularly  far  backward«.     There  is»,  furthermore,  a  1   *»f  the  retina 

r-  '^errata  to  the  papilla.     TIil*  latter  00  account  of  1  ^rkwlly  s^wollen 

e  I   11  Mi-    cavity.     The  len»  in  opatjue  and   ha*«  a  tiepre^Mmi   :ji   u  on  it«  pontehOr 

•  ^  .     i.  i.     .  ifMule  had   l>een  injurtn)  in  this  spot   by  the  foreiicti  body  ami   hone«'  the 

p.  •"  ii  i,H  ;  uij  t*een  toaceriam  extent  abswirbed  in  thi»  Fiiuation.     Clo«?  fo  thiF«  i^pol 

M»*<rr  ■  |.  .  ii^  thr  inifpi.^^alfxl  tna^ti  of  pni*,  c.     The  latter  is  separate«!  by  a  dHicuie  mem- 

bfMie  ^  <  -   1'  vt(re<iu.>(i  wliich  in  nearcely  infiltrated  at  all.     It  i^  thi.«  abcHM*.««  of  the  vitreous 

tliAl  jf.^ ('  >^'lli'JiW  reflex. 

rv>  1-^1  Mtsf  f*«  OF  THK  VlTRE-oriH.  Vkbtuai,  Hkc-tion.  Th«  patient  ha^l  ftu0ere<l  a  rtipture 
of  the  cortiea  from  the  thrust  of  a  cow'ü  horn.  ^  The  niture  ran  thrcm^h  the  middle  of  the  cornea. 
Inf^nmmrttinn  'et  m  and  the  eve  became  Mjfler,  loint  its  perception  of  light,  and  wtu*.  therefore,  enti- 
rl.         '  1 1  after  < he  mjury.    The  cornea  at  n  ba«  an  indra^Ti  deprewioo,  corre-Hpondinn  to  ihe 

h<  f  the  rupture.    The  »^car  ii*  eontinuou«  behind  with  an  «(udation  meml>rane,  b  6. 

T  'Tich  i"  n  prn4ln*"t  of  Oie  »riflnri^miitioii  of  the  ciliary  proccMie»  enrlut^-'  the  renminA 

rri  V'     '     -■'  -  ^  ^    ,1^  the  luiiie*«]«  chamber  from  the  vitreou«  envity. 

Ai  ^v  mariifin  to  the  evodntion  membrane  but  on  itm 

p.  I  hy  the  arcumulalenJ  TUpieous*.     BeJow.  at  n.  the 

ir  '  -urifirr  mi  «in-  rxudatiou  niembrane.     Behind  the  membrane  lien 

n  !i  i?"  t^hut  in  by  the  membrane  in  front,  by  the  retina  behind,    Th« 

r*  i  I   where  it  bounds  the  abtoess  ia  thrown  into  many  fold«.    The 

dtuiTHJHi    irtumu*   uitacotHJ   «rvcrywhcre. 


i. 


The  clinical  designations  for  the  types  of  inflammation  described  above,  which 
moreover  present  all  possible  combinations  and  transition  forms,  are  as  follows: — 

The  cnaes  in  which  tJie  main  clinical  feature  is  the  inflammation  of  the  anterior 
division  of  tlie  eye,  and  which  lertinnate  in  organization  of  the  extidate  are  known  ba 
'^laFtic  irido-cyclitis.  When  the  exudate  i.**  purulent  we  speak  of  a  piirttlent  indo-cychtis 
W,  if  the  suppuration  is  in  tlie  vitreous  cavity,  of  a  punilenl  irido-^-horitiiditis.  If  the 
gUppiiratioQ  in  tVie  vitreous  l>ecomes  encapsulatt^d,  we  call  it  an  ab^cevss  of  the  vitreous 
or  a  hyalitis;  if  the  pus  breaks  through  we  call  the  comiitioti  panophthaltnitis.  The«i 
terms  are  not  quite  proper  if  we  have  regard  to  the  anatomical  findings,  and  it  would 
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accord  best  with  the  latter  if  we  should  call  the  inflammation  of  the  inner  coats  of  the 
eyes  that  is  produced  by  infection  an  endophthalmitis  septica. 

A  specifd  variety  of  exogenous  infections  is  that  which  underlies  sympathetic  inflam- 
mation (§  70).  While  in  the  ordinary  cases  of  infection  the  exudation  on  the  free  surface 
of  the  coats  of  the  eye  plays  the  chief  part,  here  the  main  thing  is  an  infiltration  of  the 
tissue  itself  which  moreover  is  of  a  peculiar  kind.  In  the  exciting  *  eye  (that  is  the  one 
which  was  injured  and  is  the  first  affected)  we  find  the  uvea  distended  with  densely 
crowded  lymphocytes  and  plasma  cells.  In  most  cases  there  lie  in  the  midst  of  this 
uniform  infiltration  focal  collections  of  large  (epithelioid)  cells,  which  not  infrequently 
have  giant  cells  between  them  (Fig.  186).  Nodules  are  thus  produced  which  often  are 
]ike  tuberculous  nodules.  This  peculiar  infiltration  often  is  present  in  only  a  few  spots, 
so  that  isolated  nodules  are  seen  here  and  there  in  the  iris,  ciliary  body,  or  chorioid. 
In  other  cases  the  uvea  is  occupied  by  them  either  largely  or  wholly  and  thus  oft*n 
becomes  extremely  thickened  so  as  to  fill,  more  or  less  completely,  the  interior  of  the  eye 


Fio.  185. — LvFLAMiiATioN  Produczko  SYMPATHETIC  OPHTHALMIA.    Magnified  2X1. 

A  girl  twenty  years  of  age  had  a  detachment  of  the  retina,  which  developed  in  the  right  eye  with- 
out any  kn<iwn  caune.  The  eye  gradually  became  blind  but  it  was  not  till^  three  year»  later  that  it 
«tt«  attadked  Huddenly  by  a  very  severe  and  painful  inflammation,  which,  after  four  weeks,  went  over 
M>  tlm  left  eve.  The  latter  presented  the  symptoms  of  a  severe  sympathetic  irido-cyclitis  and  also 
fnwUHiii  hlinci  in  spite  of  the  immediate  enucleation  of  the  right  eye.  This  was  one  of  those  rare  cases 
in  which  a  Harcoma,  beginning  in  the  chorioid,  first  produces  blindness  through  detaohm«it  of  the  retina 
mmI  afttvrwards  becomes  necrotic,  and  thus  causes  a  se^'ere  inflammation  in  the  eye.  The  vertical 
smUUiu  of  the  eye  shows  the  iris  greatly  thickened  by  an  exoessivelv  dense  infiltration.  The  pi^^ment 
Ihiit  ü  viNible  ill  it  lie:«  partly  in  the  very  numerous  giant  cells.  The  iris  everywhem  merges  without 
any  sliarp  liiii«  of  demarcation  into  the  also  thickened  ciliary  body,  and  the  latter  again  morpee  into  the 
^MirUMil.  Of  tliH  rot  ilia  there  is  nothing  to  be  seen.  Below,  at  c,  the  lens  lies  in  ccmtaet  with  the  cho- 
riwi4l.  At  (I  till«  cliorioid  is  replaced  bv  a  mass,  d  without  distinct  structure,  which  extends  thence  into 
ilMi  iMNit^rior  (Ukvity  of  the  e^ve  and  fills  a  large  part  of  the  latter.  This  is  the  necrotic  sarcoma.  At  e 
Mm  uilUtratioii  of  tho  chorioid  passes  along  a  vena  vorticosa  into  the  sclera;  further  back  at  fr,  nodules 
uflh«  name  tlMUi«.  but  unconnected  with  it.  lie  in  the  sclera.  The  pupil  is  dosed  by  a  pigmented  mem> 
hriu»».     'i'he  leiiN  In  not  fouiul  in  the  pupil  because  it  is  dislocated  into  the  vitreous. 

(ItK.  I  HA).  Hoiiu^tinu«  the  infiltration  even  makes  its  way  into  the  sclera  which  is  per- 
mmlni  with  Ht'iittt^red  nodules  (Fig.  185,  6),  and  in  this  way  perforation  of  the  sclera 
mm)  0Xim«iHmiar  proliferation  may  result. 

\^\\  U*  \\w  prt^rtont  time  it  has  not  been  possible  to  demonstrate  the  presence  of 
bibvi^rin  ill  tlit^  nodult^.  Nevertheless  there  is  scarcely  a  doubt  but  that  here  too  we 
«1^  iliMiiiiig  with  an  afTtu^tion  produced  by  bacteria,  which  however  do  not  cause  acute 

»ir4iiiiMi  h\\\,  nftor  the  analogy  of  many  other  bacteria  (for  instance  the  tubercle 
i)  KHkWi^  («hronio  proliferations.  This  inflammation  has  the  property  of  being  trans- 
TjjJmt^t^«  ill  i\\\s  other  eye.  Of  the  symphathizing ^,  that  is  the  secondarily  affected  eyes, 
guty  ^  fvw  liavtt  M4I  far  lieen  got  for  examination,  but  then  generally  the  same  peculiar 
h^vi«  U^M)  found. 

^NMh«  u««M  lU#  l«Mrin  "svmpathiiing,"  which  by  English  authors  is  usually  applied  to  the 
vr^tMai.  "«yiniiathiiierte»  Auge"  (    sympathised  eye").— D.J 
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In  the  caaes  of  emlogeiums  injectian  the  inflammatory  agents  act  from  the  blood- 
In  fn^iasiatic  ophthalmia  (§  "8)  it  xa  the  pyogenic  bacteria  that  so  uct.  The 
infiamtnation  that  they  proiiuce  is  alhed  both  rlinically  ami  anat otni^^ally  to  the  orciinary 
lorm  produced  by  ectugcnous  infection,  A  dint i net iun  it*  found  in  rhe  fact  that  in  the 
itt^r  case  the  inflanunatory  agents  act  tirst  on  the  inner  »urface  of  the  coats  of  the  eye 
rhile  in  metastatic  inflatnumtion  tljey  start  from  the  blood-voKsi^ls,  into  whicii  they 
have  been  carricnl  by  embi^Iisrn,  and  ai't  uptm  the  surrounding  tiwHue.  About  the  em- 
bolic ^pot  in  tiie  retina  or  chorioid  a  focus  of  iiiHammation  is  formeti  which  rapidJy 
leads  to  the  formation  of  pus  and  to  necrotic  diaiiilegration  of  the  tissue.  From  this 
primary  atwcess  the  inflammation  extendB  with  great  rapidity  »<j  that  in  tiie  shorteet 
possible  time  the  wliole  interior  of  the  eye  is  involved  in  the  suppuration,  and  the  pUB 
r>n  breaks  through  to  the  outride  of  the  eye  (panophthalmitis).  In  exceptional  ca^es 
happens  that  the  inflammation  remain*!  confined,  the  abecees  whieli  develop«  in  the 
tin»  or  chorioid  becoming  encapsulated,  and  tlie  anterior  division  of  the  eye  reraain- 


V-r6?n 


Plo.   ISß. — IjfFLAMMATioJr    Caüsiwo    Stmi  < 'I'ITTII  ^lmia - 


-Dft.EXERATKU     CllomOJ!». 


Beneath  the  lamina  vitrea  ean  be  rrc«i(tnisecl  ttie  lum«Q  of  thp  cspiUarii*^,  a.  The  tnfiltrstioQ  of 
flw*  rtutriiml.  In,  bctpoa  brneflih  the  chono-capinan^  an<t  Hitop?»  Bt  tire  ^upruchoriuid,  r.  J.  mn^raioft 
lait]>«'lbt'  t»f  the  9clera<  The  chtinoitt  if»  very  dctvM'lj  purkwl  wttl«  lynipht*c>tt»*.  \m  ttie  niidf*t  of  thia 
inHltrAtion  U«b  a  larce  ftwruti  which  on  accoutit  of  itn  hfiViter  mlor  citJi  lie  ."«epn  even  with  the  nakcni  eye. 
It  ccidmai»  of  lanre  pale  c^lU  with  a  Inrge  nucletiiu  (epitheloid  oellfl)  aiul  of  numerouM  lanse  and  (ftnall 

T  eellft  with  tht  typiPäl  annular  örrantfement  «*f  the  auelet,     A  few  giant  cell»  lie  outside  of  the 

»  and  in  the  midst  of  iVif  infihriition  of  ^fmall  ceH*. 


_  entirely  or  in  large  part  exempt  from  the  inflammatjon.    There  can  then  l^  seen 
ren  on  clinical  examination  the  yellow  rellex  of  the  al»Hce*i8  in  the  deptli  of  the  eye. 
jch  c4iMe«  are  found  most  often  in  rhiklren  after  infe^'tious  digeases  (acute  exanthe- 
»ta,  epidemic  eerebraspinal  meningitis^;  they  tnay  give  rise  to  confusion  with  ghoma 
eudoghoma). 
The  emboli  which  produce  a  metastatic  inflammation  are  as  a  rule  of  a  oapilhiry 
cter»  and  they  affect  tlie  Vf^?ssels  of  the  rerina  more  often  than  those  of  the  uvea, 
fie  bacteria  eonceme<l  are  the  streptococcus^  which  is  the  moi^f  common — more  rareJy 
he  ötaphylococcus,  pneumococcus,  and  other  bacteria  (cf.  page  3t>). 

MetAstatic  ophthalmia  Is  the  severest  of  !he  inflammationK  dependent  on  endoge- 
DU8  infection.  Those  inflnmnmtionÄ  of  the  eye  which  accompany  acute  and  chronic 
nfectiouH  disease*»  (cf.  \  t^O,  Etiology  of  Iritis)  are  without  doubt  in  fwirt  al^*o  due  to 
ndogenous  infection  liy  Itacteria,  in  part  fierhap«  to  the  action  of  the  toxins  which  are 
ortned  in  the  body.  In  any  casp  the  inf!  am  mat  Tons  thus  produced  are  not  so  violent 
"knd  deatnictive  as  those  diw^  to  infection  by  the  pyogenic  germs.    The  exutbtion  devcl- 
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ops  more  gradually  and  remains  more  confined  to  the  tissue  itself.    The  tissue  is  infil- 
trated chiefly  with  uninuclear  Ieuooc3rte8,  which  are  apt  to  accumulate  about  the  blood- 

.  vessels  under  the  form  of  scattered  foci.  Thus  along  with  the  diffuse  infiltration  there 
are  formed  nodular  exudates  which  in  the  ordinary  traumatic  inflanmiations  are  only 
exceptionally  met  with.  The  nodules  are  generally  so  small  that  they  are  seen  only  on 
histological  examination  (Fig.  107),  but  they  may  be  so  large  that  they  are  visible 

I  clinically  (papules,  tuberculous  nodules  of  the  iris).  In  correspondence  with  the  non- 
suppurative character  of  the  inflammation  is  its  outcome  which  is  also  less  serious. 

^  Panophthalmitis  never  results  and  even  atrophy  of  the  eyeball  is  a  comparatively 
rare  sequel,  occurring  only  in  particularly  severe  or  in  often  recurring  cases. 

^  !  We  give  the  name  of  atrophy  of  the  eyeball  to  the  gradual  diminution  in  sise  of  the 
(sye  occurring  after  irido-cyclitis,  and  the  name  of  phthisis  bulbi  to  the  rapid  shrinking 
of  the  eye  occurring  after  the  escape  of  the  suppurating  vitreous  in  panophthalmitis. 
In  atrophy  the  diminution  in  size  l^ps  within  moderate  bounds,  while  in  phthisis  the 
eyeball  may  be  reduced  to  the  size  of  a  hazel  nut  or  less.  An  atrophic  eyeball  is  often 
the  site  of  repeated  inflammation  and  may  also  give  rise  to  sympathetic  disease  of  the 
other  eye;  a  phthisieal  eyeball  generally  remains  quiet  and  entails  no  danger  for  the 
other  eye.  Hence  an  atrophic  eyeball  ought  generally  to  be  enucleated,  while  a  phthisi- 
cal stump  can  usually  be  left. 

Both  in  atrophy  and  in  phthisis  the  optic  nerve  becomes  subsequently  altogether 
atrophic,  so  that  finally  it  forms  a  thin  strand  consisting  simpl/  of  connective  tissue. 
This  takes  place  in  o^)edien6e  to  the  general  law  that  nerve  trunks  atrophy  when  their 
terminal  expansions  are  dedtroyed  (ascending  atrophy). 

69.  Etiology  of  Iritis  and  Cyclitis — Iritis  and  cyclitis  are  either 
primary  or  se/eöndary  in  their  development.  In  the  first  case,  the 
original  site  of  the  disease  is  in  the  iris  or  ciliary  body  itself;  in  the 
second  case,  there  is  an  affection  of  neighboring  parts,  which  has  been 
transmitted  to  the  iris  and  the  ciliary  body  (e.  g.,  in  iritis  with  ulcer 
of  the  cornea). 

We  may  classify  the  inflammations  of  the  iris  and  the  ciliary  boiljr 
with  reference  to  their  etiology  according  to  the  subjoined  scheme. 
In  it,  as  well  as  in  the  subsequent  description,  the  expression  "iritis" 
stands  for  the  sake  of  brevity,  as  the  representative  of  iritis,  cychtis, 
irido-cyclitis,  and  irido-chorioiditis — that  is,  for  all  inflammations  which 
affect  predominantly  the  anterior  part  of  the  uvea: 

^1.  Iritis  syphilitica. 

2.  Iritis  rheumatica. 

3.  Iritis  gonorrhoica. 

4.  Iritis  scrofulosa. 

5.  Iritis  tuberculosa. 
6. 
7. 


A.  Primary 
iritis. 


Iritis  in  con- 
sequence of 
general  dis- 
eases. 


Iritis  as  a  local 
affection. 


{I: 


Iritis  in  acute  infectious  diseases./ 
Iritis  in  disorders  of  metabolism  J  ^^  ^^ 

Iritis  traumatica. 
Iritis  sympathica. 


B.  Secondary  iritis. 


This  classification  is  evidently  not  an  exhaustive  one.  There  are 
many  cases  of  iritis  for  which  no  cause  can  be  discovered  and  which 
therefore,  can  not  be  placed  under  the  classification  given  above.    There 
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is  DO  doubt  but  that  most  of  tliesc  ctuscs.  too,  tilt  hough  called  idiopathic 
depend  on  general  diseases,  espednliy  uo  anoniahe^  of  inetabolisiu,  which 
at  present  are  unknown  to  us.  Of  the  primary  iritides  the  only  ones 
that  are  certainly  of  a  local  nature  are  truumatie  and  sympathetic  iritis. 

A.  Primary  Iritis. — (a)  Due  to  Gtrnral  Diseases,  The^te  are  either 
infectious  diseases  (syphilis,  etc.)  or  di.seases  of  metabolism  (gout,  dia- 
betes). In  öuch  cases  both  eyes,  although  not  both  at  the  same  time, 
are  often  attacked  by  the  iritis.  In  cases  where  no  general  disease  is 
discoverable,  a  cold  is  often  accused  of  being  the  cause.  It  is  certain 
that  in  a  man  predisposed  to  iritis  exposure  to  cold  may  start  an  attack, 
and  recurrences  of  iritis  are  particularly  apt  to  be  caused  by  it.  On  the 
other  hand,  it  is  a  question  whether  exposure  to  cold  can  by  itself  pro- 
duce iritis. 

Primary  iritis  is  found  mainly  in  adults;  in  childhood  primary 
iritiß  is  rare.  Acute  iritis  (especially  the  syphihtic»  gonorrhaml.  and 
rheumatic  forms)  more  often  affects  men,  chronic  iritis  more  often  af- 
fects women.    The  forms  of  iritis  that  are  based  on  general  disease  are: — 

1.  Syphilitic  Iritis. — Syphilis  is  by  far  the  most  frequent  cause  of 
iritis.  For  the  most  part,  it  is  acquired  syphilis  that  we  liave  to  do  with. 
Thediagnosis  of  syphilitic  iritis  is  very  etasy  in  thfjse  cases  in  which  the 
characteristic  formation  of  nodules  (iritis  papulosa,  Fig.  187)  is  present. 
The  nodules  have  a  jy'^ello wish-red  color,  are  of  the  size  of  a  pin's  head 
or  largeF,  and  are  situated  either  on  the  ciliary  or  the  pupillary  margin 
of  the  iris,  but  nevei^  l>etween  the  two  zones  in  the  mid-breadth  of  the 
in§^  The  nodules  afTerward  disappear  again  by  resorption  without  any 
pi|ni]ent  disintegration  taking  place.  At  the  places  where  they  were 
sitnated,  broad  and  firm  synechiie  are  left,  and  there  is  often  also  a 
circumscribed  atrophy  of  the  tissue  of  the  iris.  At  other  times  no  dis- 
tinct nodules  are  found,  these  being  so  small  that  they  lie  concealed 
within  the  tissue  of  the  iris,  but  several  portions  of  the  pupillary  margin 
are  greatly  sw^ollen,  or  at  all  events  there  are  unusually  broad  syne- 
chisp  which  do  not  yield  to  atropine  (b^  Fig.  174).  Finally,  in  many 
cases  iritis  syphilitica  presents  alx^olutely  no  characteristic  marks;  the 
diagnosis,  then,  can  be  certamly  established  only  by  demonstrating 
the  presence  of  syphilis,  or  by  the  favorable  action  of  antisyphihtic 
remedies. 

Svphihtic  iritis  generally  1>f4ongs  to  the  secondary  stage  of  syphilis. 
It  makes  its  appearance  soon  after  the  first  eruptions  upon  the  skin 
(macular  or  papular),  for  which  reason  we  may  compare  the  nodules  in 
the  iris  to  papules  or  to  condylomata,  and  may  designate  the  iritis  as 
iritis  papulosa.  In  most  cases,  the  time  when  the  iritis  first  appears  is 
com^R5?a^vithin  the  first  year  after  the  infection  has  taken  place. 
More  rarely  the  iritis  breaks  out  in  the  later  stages  of  syphilis,  and  is 
then  not  associated  with  the  formation  of  nodules.  In  exceptional 
cases,  howTver,  nodules  dn  show  themselves  in  this  late  form  also  and 
they  must  then  be  regarded  as  gummata  (iritis  gummosa). 


ClM.  U    Cmvi^M^*^«^    ifu^^jU^  M'AI<4.  /#«-   *^'^/^'^ 
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Syphilitic  nodules  occur  in  the  ciUary  body  as  well  as  in  the  im 
Of  the  little  nodules  that  come  to  view  on  the  ciliar}'  border  of  the  iris 
many  certainly  start  from  the  ciliary  body*  Larger  noduJee  in  the 
ciliary  body  push  the  iris  away  from  the  corneo-scleral  marjErin  and  can 
also  be  seen  behind  the  pupil  {Fig,  188);  and  they  may  grow  through 
the  sclera,  and  produce  perforation  and  atrophy  of  the  eyeball. 


Fio,  188. 


^ 


Fi«.  187. 


Fio.  IftT.-^TRmft  Papfloba.     Magnifted  2  >  1.     1  n  38  ye*rji  of  a^  the  left  eye  IW 

become  inRaraecl  i^ight  dayiei  before»     The  wcitnein  wau«  not   cnrvMiMOua  or    having  tcyphilis,  ami,  excvp 
for  sMjfne  crüarKcd  lympli  n^tHncI^,  »howed  no  »ymplöiu»  of  thia  diaeiui«.  but   her  bunband  i«tat«K  Üa 
»even  month«  previou,-(  he  had  had  a  hanJ  chancre  and  soon  after  this  an  eriipli»;»n.     The  eye  la  iujecti 
atid  in  t\w  lower  part  of  the  cornen  there  are  K>nie  minute  i^repipitate».    The  pupit  hnjs  dilated  but  titd 
under  atropine;   ihe  margin  of  tbf  pupd  i(^  many  placei*  k^  adfiereni  1^>  the  lenA  cjip}<ule  atid  i*  be 
itidentoil      In  the  lower  quadrant  there  is  s^iiuated  in  the  pupillary  zone  of  the  irin  the  yeJlowi*b-i 
not  very  sharply  definetl  papule  which  jut»  Mimewhat  into  the  pupU,    The  dark  «pots  at  the  periphery  ' 
of  the  pupil lar>'  Mine  are  erypt«. 

Fm.   IS8.— SrPHiLTTir  Triwoii  or  the  Ciliary  Body.    The  patier^t.  a  maa  thirty  year*  of  a«^ 
acquired  iiyphili;^  four  months  ago  and  got  an  exanthem  one  mnDtVi  later.    The  eye  has  been  inflamedj 
for  one  month.    There  are  univtTAal  (glandular  ^wollinKw  and  a  papular  exanthem  ^preiod  over  the  wh  " 
body^    Of  this  some  efflorescence»  are  visible  in  the  vicinity  nt  the  eye.    The  eye  i*  majrkedly  inj  ^ 
The  cornea  haj*  some  precipitates  on  it.     At  it«  tempi>ral  side  the  mari^in  of  the  pupil  w  coQi 
frorij  an  arc  to  a  chorti.  becau.ne  at  thia  Kpot  the  iris*  ii*  detached  from  it«  mMertion  and  pushed  ^'^ 
the  center      In  the  nrr^a  orcupied  by  this  indodinli,  «is  there  ia  exposed  to  view  a  y ell o wish-red, 
tumor  which  bclon^^  to  the  cihary  body  nod  whose  light-culored  apex  is  viAible  in  the  pupji. 


Iritis  also  occurs  in  consequence  of  heredUary  syphilis,  althouj^li 
far  less  freqoently  than  after  at^quired  syphili».  The  parenchymatou 
keratitis»  which  is  dependent  upon  hereditary  syphiüs,  is  often  associated 
with  iritis.  Hometimes  it  happens  that  the  iritis  becomes,  comparativelji 
speaking,  very  couj^picuous.  while  the  keratitis  attains  hut  a  slight  de 
gree  of  prominence:  and  there  may  even  be  iritis  without  any  keratitis 
whatever.  Iritig^  due  to  hereditary  sy  phi  lis  is  a  disea.se  of  childhood  and 
youth,  while  inTis  resulting  from  acquired  syphilis  is  Usually  Qbserve<] 
o'niv  in  adults!  ^ 
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Syphilitic  iritis  is  very  frequently  associated  with  diseases  of  the  pos- 
jr  «ection  of  the  eye — that  is,  with  iiiHainmation  of  the  chorioid,  retina, 
1  optic  nerve.    Moreoveri  it  displays  a  great  tPiulency  to  recur. 

2.  Iritis  Rheumalka, — This  occurs  in  persons  who  have  been  ill  with 
pular  and  muscular  rheumatism.     It  is  the  form  of  iritis  w^hicb  is  the 

^tjüit^torecur.     From  tlie  fact  that  in  many  cases  recurrences  of  the 
coincide  with  recurrences  of  rheuiiiatism  (attacks  of  swelling  in  indi- 
ial  joints),  the  connection  between  tlie  two  is  demonstratetJL- 

3,  Iritis  GmKfrrhoica  develops  in  cases  in  which  gonorrhcea  has  caused 
iral  infection.     This  latter  runs  a  course  like  that  of  acute  articular 

tism,  but  generally  milder.  The  knee-joint  is  regularly  the  part 
Etcked  by  infianmmtion,  which  may  afterward  migrate  to  the  other 
also;  associated  car<iiac  complications  may  even  occur.  This 
ise  is  known  a.s  gonorrhreal  gout  [rheumatism).  Iritis  generally  sets 
fter  an  outbreak  of  arthritis,  but  there  are  cases  in  which  gonorrhcea 
iritis  alone  anti  no  joint  disease.  Just  as  the  gonorrhteaJ  joint 
mis  very  Hke  articular  rheumatism,  so  gonorrhcpal  iritis  resembles  out- 
ardly  the  rheumatic  variety.  In  both — in  contrast  with  other,  especially 
7>hilitic  iri tides — the  permanent  changes  are  strikingly  slight  in  coin- 
irison  ^ith  JTie  inflammation,  which  is  oftt;n  ex<;*eeclmp;ly  violent.  Fre- 
lently  not  f^  >^jntr|,^  vyinw^hi-^  i^  |^>f|  Gonorrha^al  also  like  rheumatic  iritis 
fects  chiefly  men  and  very  often  exhibits  recurrences,  with  which  is 
iinetimc*s  associatt^d  renewal  of  the  urethral  discharge  or  return  of  swelling 

fie  affected  joint«. 
4.  Iritis  ^crojuloaa^^This  bears  in  its  appearance  and  course  much 
mblance  to  iritis  due  to  hereditary  syphilis.    It  is  often  marked  by 
presence  of  large,  lardaceous-looking  deposits  or  by  hirdaceous  exu- 
Mtion  masses,  which  appear  to  grow  out  frnm  the  sinus  of  the  cham- 
It  is  found  in  the  ages  of  childhood  and  youth  in  scrofulous 
>ns,  and  also  in  those  suffering  simply  from  anai-mia. 

5.  Iritis  Tuberculosa.— ^ee  §  74,  Tumors  of  the  Iris. 

6.  Iritis  in  Acute  Infectious  Diseasts, — ^ Among  these  relapsing 
Br  is  the  chief  one  in  which  iritis  forms  a  frequent   complication, 

usually  protracted  in  its  course^  but  ultimately  goes  on  to  a  cure. 

7.  Iritis  in  Metabolic  Disorders, — This  occurs  as  a  result  of  arthritis 
and  arthritis  deformans,  and  very  rarely  also  in  diabetes. 

We  give  the  name  chrortw  iritis  to  those  cases  in  which  we  see  the 
h^nt<  f^f  f>yiiriiirioii— t hc  svnechia:\  pupinarv  oiemhriinf*  fippHs^ji-s 
id  onjtritv  in  the  vitreous — < le^  eloi?_it n* I  i£T;o in M y  i n crease .  while  the 
>e  either  sltow.^  no  svnii^tnms  of  irrihitinji  at  all,  or  else^ there  is  now 
id  agaTn  siniph^  an  insignirK-atit  inlertiun  :ind  some  .sensitiveness  to 
eht.  There  is  always  a  disturiiance  of  sight»  which,  indeed,  is  the  thing 
ial-«ttracts  the  patient's  attention  and  takes  him  to  the  physician. 
hronic  iritis  occurs  in  a  light  and  in  a  severe  form.  The  li(iht  iorm  is 
laracterized  nunnlv  by  the  precipitates,  occurring  either  alone  or  in 
>|nbi nation  with  opaciti 


?s  in  theantenor  portion  of  the  vitreous.     If 

Ktime  no  changes  of  any  kind  can  be  observed  in  the  iris,  the 
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disease  must  be  called  a  sluggish  cyclitis  (cf.  page  390).  Often  the  poö- 
terior  portion  of  the  uvea  is  likewise  affected,  and  foci  that  can  be  made 
out  with  the  ophthalmoscope  appear  in  the  chorioid.  The  more  the  inflam- 
mation affects  the  whole  uvea,  the  more  closely  this  form  approximates 
to  the  second,  severe  form,  into  which  it  may  pass  and  from  which  it  is 
not  separated  by  any  sharp  line  of  distinction. 

The  most  serious  complication  of  the  ordinary  cases  is  the  increase 
of  tension,  W6  then  tina  the  anterior  chfl|ffib^r  deep  (&  sign  that  t he 
increase  of  tension  is  caused  by  a  ETnderance  to  the  escape  of  the  aque- 
ous) and  the  pupil  somewhat  dilated.  Often  the  increase  of  tension 
abates  spontaneously  in  a  short  time,  but  if  it  remains  for  a  long  time 
without  being  attended  to,  it  may  cause  blinding  of  the  eye.  Apart  from 
this  the  disease  usually  runs  a  mild  course.  It  often  extends  over  a 
period  of  years,  but  finally  disappears  either  without  leaving  any  trace 
of  its  presence  or  else  lea\'ing  a  disturbance  of  sight  due  to  vitreous 
opacities.  Chronic  cyclitis  mainly  affects  voung  people,  especially  prls 
and  particularly^  those  who  are  delicate  or  who  bear  on  their  person  some 
direct  evidence  of  tuberculosis,  scrofula,  anaemia,  or  chlorosis. 

In  the  severe  form  ot  cnronic  intis  symptoms  of  irritation  are  absent 
just  as  they  are  in  the  light  form,  but,  on  the  other  hand,  the  exudation 
is  much  more  extensive  and  affects  all  parts  of  the  uvea,  for  which 
reason  this  form  is  called  chronic  irido-chorioidüis — an  expression  in 
which,  obviously,  it  is  implied  that  the  ciliary  body,  which  is  situated 
between  the  iris  and  the  chorioid  is  Ukewise  involved.  The  patients 
come  on  account  of  the  steadily  increasing  disturbance  of  vision.  Ex- 
amination of  the  eye  shows  posterior  synechiae  which  slowly  increase 
in  numbers  until  finally  seclusion  of  the  pupil  is  developed.  Almost 
always  too  there  is  a  thin  membrane  present  in  the  pupil.  The  iris  be- 
comes atrophic  early,  and  afterward,  when  seclusion  of  the  pupil  de- 
velops, bulges  forward  in  hump-shaped  projections.  Hypopyon  is  never 
present,  but  instead  there  are  very  frequently  fine  deposits  which  point 
to  the  implication  of  the  ciliary  body,  an  implication  which  also  mani- 
fests itself  through  the  presence  of  opacities  in  the  vitreous.  As  these 
opacities  continually  increase  in  number  and  the  vitreous  at  the  same 
time  becomes  liquefied,  the  latter  is  finally  converted  into  an  opaque, 
mucilaginous  liquid.  Subsequently  opacity  of  the  lens  is  added,  and 
atrophy  of  the  chorioid  and  retina  sets  in.  The  interference  with  vision 
in  these  eyes  is,  therefore,  always  much  greater  than  the  optical  ob- 
structions in  the  anterior  division  of  the  eye  (deposit«,  membrane  in 
the  pupil)  would  lead  one  to  expect.  This  disease,  which  really  affects 
all  parts  of  the  eyeball,  in  most  cases  terminates  in  complete  blindness. 
In  consequence  of  the  seclusio  minillgp.  incrftasp  g^  ^f>ij^^inn  p{{>|^  jn  with 
bl i II d ness  from  excavation  of  thp  npHp  nprv^^  afterward  the  eY3)all 
nijiy  become  ectatic.  In  other  cases,  blindness  takes  place  under  the 
K I  use  oi_a  graauallv  developing  atrophy  ot  the  eveoaii;  Tne  eye  becömte 
Miftor,  and  the  retma  undergoes  total  detachment. 
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Chronic  irido-^horioidit is  almost  alwayg  attacks  Imth  eyes.  It  runs 
00  slow  a  course  that  years  pass  before  complete  bfiiKTrij^^ss  makes  its  appear- 
ance. It  18  a  disease  of  advanced  age,  and  is  one  of  the  most  frequent 
causes  of  incurabk^  blindness  in  elderly  people,  especially  females.  A 
frequent  cause  of  it  and  also  of  the  light  form  is  certainly  tuberculosis 
(see  page  137) ;  but  very  often  it  is  found  in  patients  who,  apart  from  their 
^e  trouble,  are  perfectly  healthy. 

70-    (b)  Iritis  as  a  Lmal  Affection, 

1.  Iritis  Traumatica. — The  causes  of  this  are  tiaumatisnis  of  all 
kinds,  especially  if  perforation  of  tlie  eyeball  has  taken  phice,  and 
particularly  if  a  foreign  body  is  left  in  the  eye.  Operations  upon  the 
eyeball  are»  of  course,  to  be  counted  among  the  traumatisms,  and  of 
these  the  most  dangerous  with  regard  to  iritis  and  irido-cyclitis  are  the 
cataract  operations. 

The  irido-cyclitis  that  follows  traumatism  is  frequently  of  the  most 
serious  nature,  so  that  atrophy  of  the  eyeball  speedily  ensues;  in  con- 
tradistinction to  iritis  due  to  constitutional  causes,  which  even  when 
the  intiamniation  is  a  violent  one  often  gets  well  without  leaving  any 
ill  results  worth  mentioning. 

The  exciting  cause  of  traumatic  iritis  in  cases  of  the  sort  jiLst  ad- 
duced  may  be  of  three  kinds;  either  mechanical  injury  (traction,  con- 
tusion), chemical  irritation  (e.  g.,  in  the  ctise  of  contact  with  swollen 
portions  of  the  lens  or  in  the  case  of  a  cyslicercus);  or.  finally,  infection 
from  without.    The  last-named  cau^e  is  without  doubt  the  most  frequent. 

2.  Irido-cydUis  Sym pat hica,^ When  an  eye  is  affected  with  irido- 
cyclitis in  consequence  of  an  injury,  either  symptoms  of  irritation  or 
else  an  actual  inflammation  may  develop  in  the  other  eye. 

Sy mjmthtiic  /rr//af ?ontirritutio  sympathica)  consists  in  photopho- 
bia,  lachryniHtKui.  or  actuaLnaiu.  Sometimes  alsi>  ;^\^  [ijill^'i-^-^  |j^f  ^H-^im- 
modation  is  present  so  that  when  the  patient  tries  It*  do  line  work  the 
vision  gets  mdistinct  and  the  work  has  to  be  given  up.  Such  symptoms, 
however,  are  to  be  called  by  the  luiine  of  sympathetic  irritation  only 
when  objective  si^ns  of  inflammation  are  al>sent,  lor  vMien  unce  these 

I  make  thcir~ipprarance^  it  is  21  oui\stH>n.  lu^t  1^  .^ynipathetie  irritatjon> 
^l»ut  of  sympathetic  inflamniation.  A  characteristic  sign,  furthermore» 
^^f  sympathetic  irritation  is  that  it  disapf)ears  at  once  and  forever  when 

the  primarily  affected  eye  is  removed. 

ISym  fxiih  ei  ir  in  fh  r  m  m  at  ion^  ^o  phi  h  aim?  a  Sympathie  a ,  consists  \n  Xh,  e 
de V elopmcnl  i>f  ;in  ijjtln-fv(  lit i>  ih  th^TTTuTTa  gYJ^  i  tie  eve  Primarii y 
arrected  [s  called  the  **  exciting  eye""  that  which  is  affect«'  mhirily 

the  **sympathi;^ing  eye/*'     SympaTtietic  inflammation  ti  _  s^me- 

II  t i m es  in  immediate  conjunction  with  preoerlitag  sympt(uns  of  svm pa- 
ll     thetic  irritfiti(;vn.  sometinjes  without_iinv  internicMJiafy  symptoms  at  all 

and  quite  unforeseen. 


*flo  German  the  "oympAthitinff       .     ,      .     . 

'llo  GerraiLD  th«  "^ympa!hi«ea  **  eye  ("  9yrop*ilii«iert«a  **  Auge) 


eye  ("  aympathwrnrende«  "  Auk«). — D-I 
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lii  often  insidious.     In  coDjunctlop  with  an  insi| 


ositö — which  are  never  want hul. 


The 

cant  redt  _       

beRinnni^  of  a  sympathetif  nplithalmia — Apppj^p  i/pon  the  cf>rtiea. 
Then  a  tew^xisterior  syiieflme  and  fine  t>i>aeitieri  in  the  vitreous  develop^ 
and  the  ophthuhnobvfope  .-^hmvi  hyper^miii  of  t\m  retina  and  uptJc  nerve 
In  favorable  eases  tF^p  ili.^f^n^^^  rpji^^heis  no  hig-j-ifir  pit  oh  unci  at  lengtlil 
gets  welit  leaving  either  no  trace  of  its  presence  or  a  few^  posterior  syne 
chite.  Unfortunately  such  mild  cuüen  are  t\m  ext^eption.  The  ruJe  is  J 
that  the  i-^vm|)tuin.s  of  iTjamiruitiOTi  rIqwIv  or  quicklY  increasy: 
and  more  adhesions  of  the  iris  develop,  and  the  visual  power  become«' 
more  and  more  reduced.  Hvpouvon.  haw^ever,  ordinarily  does_not  occur 
even  when  the  inflammation  is  severe.  Although  sometimes  intervals 
in  the  Inflammation  with  some  improvement  in  sight  occur,  yet  these 
are  not  lasting,  and  finally,  owing  to  the  constantly  recurring  infiam- 
mation*  there  ensue  in  spite  of  all  treatment  the  formation  of  a  pupillary 
membrane  and  an  annular  or  total  posterior  synechia.  Then,  in  con-jj 
sequence  of  the  seclusion  of  the  pupil,  increase  of  tension  may  set  in,^ 
but  this  is  commonly  not  of  long  duration,  since  cyclitic  membranes 
have  also  formed  in  the  vitreous,  antl  by  their  shrinkage  the  intra-ocular j 
pressure  is  once  more  lowered  and  finally  atrophy  of  the  eyeball  is  pro 
duced.     As  a  rule»  therefore,  the  sympathizing  eye  is  lost. 


»/' 


The  affection  of  the  exciting  eye,  which  gives  rise  to  a  s^nnpathctl 
infjammation,  is  always  an  iridi>cvchtis,  and  is,  in  factj  almost  withüii 


except  Ionian  irido-cychtis  fraamatica.  due  to  a  penetratmg  mjury^  of  the 


1 


In 


eyebalL     In  this  category,  of  course,  are  to  be  reckoned  the  operations 
jtH^  »fj^^hat  are  attended  with  opening  of  the  eyeliall,  in  case  they  are  followed  by 

[^^^\  As  a  matter  of  prognosis  and  treatment,  it  is  important  to  know  thatj^i 

l^tiMr)       in  spite  of  thtire  being  a  \nolent  inflammation  of  the  primarily  diseased  eyc^| 
sympathetic  ophthalmia  occurs   very  rarely  in  (1)    suppiir^tioiL  of  th^^" 
cornea  (in  ulcus  serpens,  after  acute  blennorrhoea,  etc)  and  in  it^?  sequcla.% 
phthisis  cornCiT  or  staphyloma  of  the  cornea,  and  in  (2)  panophthalmitis 
and  the  phthisis  bulbi  that  follows  it;  and  it  never  occurs  in  (3)  absolut« 
glaucoma. 

The  mn'nt  of  time  at  w^hich  the    greatest    danger  of  the  transmission 
of  the  inflämrnattun  exists  is  w^hen  the  irido-evclitis  in  the   iij^ur«  d~ 


at  its    height. 


exists 
Hence   : 


ev< 


syot pathetic  inllammation   makes 


lis 


Anf>i^    in  ryj^7f^|  f'l^'^'^i    ^^om  i()üf3ö~etght  wccRs  atter  tlie  injury  t>  thg' 
first  <n-t>  lij^s  fiikon  r^h^u'r.   TLatcr  than   tliLs^  wlien^Jiie_traumatic  irido- 
cyclitis Ji|yj_ai4jjddiid  an^l  the   eygjTiai^  fallen  a  prey  to  atn>nh\.  thrrr 


need  be  p:enerallv  no  fear  oT^^yTf n»riipri/^  |^i||.i||niVc^f'i..t^  wr.  lutirr  ^  thr 
atrophic  eye  is  free  from  inflammation  and  is  not  painfuh  tnther^port- 
taneöiislv  or  to  theloyeh.  Thjg  danger  for  the  other  eve  does  not  de- 
velon  a^aiiL  until    the    atrophic   eye    l>eeomes    once   more  the    seat  ^f 


inflammation  and  of  p^ain — an  event  w^hich,  to  be  sttre^^vefyTreqiientlj 
occurSj  especially  when  a  foreign  body  ha^  been  left  in  the  eye. 
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ye  which  has  been  carried  for  many  years  in  an  atrophic  state 
(out  causing  trouble  may  suddenly  become  the  cause  of  a  sympa- 
ic  inflammation.  While,  therefore,  the  minimum  period  for  the 
riopment  of  sympathetic  irido-cychtis  is  a  few  weeks  (the  shortest 
Dd  hitherto  observed  is  ten  days),  no  Ijniits  can  be  set  to  the  rnaxi- 
n  period;  sympathetic  inflammation  Hrs  begj|  .se^^n_ic)  nnpCRr  fnrt\^ 
^rffTmore  after  tlie'^rTpm^of  the  Br^t  t^vo  An  eye  whirli  lias 
I  desimyUU  Hi  iVmsequence  of  injury  is  therefore  a  corustant  source^ 
anger  to  the  other  eye,  ^  tAA^M^^  Afv^^JU/ ,04^^^  <i4m>^UJA^  M  ^^m^ä^t^ 
To  excite  sympathetic  inflammation  it  is  not  necessary  for  the 
red  eye  to  be  perfectly  blind.  Gases  occur  in  which  the  eye  has 
Ined  a  remnant  of  visual  power  after  the  injury  and  the  irido-cyciitis 
»wing  it,  and  has  yet  given  rise  to  sympathetic  inflammation.  In 
i  case  it  may  happen  that  the  sympathetically  affected  eye  under- 
I  complete  destruction,  while  the  injured  eye  is  still  used  to  see  with, 
B,  Secondary  Iritis  and  Irido-cyclitis  are  the  varieties  which 
riop  through  transfer  of  inflammalion  from  neighboring  organs  to 
iris  and  cihary  body.  Inflammations  of  the  cornea  are  the  lesions 
,  most  frequently  give  rise  to  it;  above  all  the  suppurative  kera- 
kes,  which  are  very  frequently  indeed  complicated  with  iritis.  Old 
I  with  incarceration  of  the  iris  may  through  a  fate  infection  excite 
yigerous  irido-cyclitis  (page  299k  Of  the  varieties  of  scleritis,  it 
It  deep  form  that  leads  to  inflammation  of  the  iris  and  the  cihary 
|r.  The  lens  may  cause  iritis,  in  case  of  its  luxation  and  also  when 
r  the  capsule  ha^s  been  opened,  swelhng  masses  of  lens  lie  upon  the 

In  these  cases  the  iritis  is  not  usually  severe. 
Of  changes  in  the  posterior  divisioo  oL_the  pap,  which  may  lead  to 
\^  the  chief  one  to  be  mentioned  is  detachment  of  the  retina.  When 
has  lasted  a  long  time.  irido-cychHs  very  frequently  ensues,  some- 
b  insidiously,  sometimes  with  such  violence  as  to  cause  great  pain 
ultimately  atrophy  of  the  eye.  Likewise  verv  severe  and  terminat- 
in  atrophy,  is  the  cmirsf  run  bv  the  iri^dtfr-cvclltis  that  sometimes 
il^  in  intra-QCular  neoplasms  or  in  ijitra-ocular  cvsticerc us . 


fThat  form  of  syphilitic  irüis  which  is  associatwl  with  the  formation  of  notlulea 
iormerly  designated  under  the  name  of  iritis  gummosti.  For  it  w&s  belir*v**fl  tlmt 
Jiodular  exudates  were  nec«»ssarily  to  be  regarded  oa  guniiny  tunjors  on  aceouril  of 
Itttopty  circumscnbed  form,  wliich  givn«  them  sometimes  jus«!  the  Appearance  of 
UMlasnis.  If  we  agreetl  to  this  view  we  should  have  to  iu*eribe  thia  form  of  ^3  phi- 
Rufl  to  the  tertiary-  stii^e  of  syiihilis,  which  is  specially  ehivrueterize<l  by  cireum- 
id  exudates  firummata)  rescmliliiig  new  growth«.  But  in  so  doing  we  should  be 
idicting  chnical  observation,  which  shows  that  iritis  with  the  formation  of  nodules 
Ql  occurs  simultaneously  with  the  symptoms  of  the  secondtip>'  stage.  We  are  hence 
PhI  in  oomparing  the  nodules  in  the  iria  with  the  papules  and  condylonoata,  which 
elong  to  this  stage,  and  in  designating  the  iritlH  jvs  iritisi  papuloHüor  eondylomatosa 
ler ) .  AnothtT  rirtfutn^^it  tit^rttn.'^t  Th^ygommv  fiMture  of  tlte  nodule?»  in  the  iris  \» 
)ct  that  tht  y  rnvrr  tir^Ä  iLurit  nor^iiypiirntt',  m>^  ^;ummata  are  apt  to  do^  True 
lata  of  the  irin  and  ciliaf>'  Ixjciy  do  exist,  however,  but  fliey  are  rare. 
Tbe  diagnosis  of  syphilitic  iritis  will,  of  coorae,  always  have  to  be  based  uix>n  the 
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hifitory  of  the  case  or  upon  the  demonstration  of  the  presence  of  syphilis  in  the  patient. 
But  should  we  call  every  iritis  which  has  no  characteristic  marks  syphilitic,  simply 
because  it  occurs  in  a  syphilitic  person?  Often,  to  be  sure,  we  should  be  right,  once 
syphilis  is,  in  fact,  the  most  frequent  cause  of  iritis;  but  still  a  syphilitic  patient  may 
also  acquire  an  iritis  from  any  other  cause  whatever.  Among  such  causes  one  that 
requJE^^ggiecial  consideration  is  gonorrhoea,  which  almost  all  syphilitics  have  had  at 
some  time  or  other ,"an3  w£icti  is  likewise  a  frequent  cause  of  iritis.  In  doubtful  cases, 
the  indication  in  every  case'isTo  initiate  an  anlisypbilitic  treatment.  Thiirwiilfiu  most 
cases,  cause  rapid  improvement  in  iritis  of  sypMlitic  origin,  while  other  kinds  of  cases 
arc  but  little  or  not  at  all  affected;  from  which  fact  a  conclusion  may  be  drawn  as  to 
the  source  of  the  iritis.  The  effect  of  antisyphilitic  treatment  is  also  of  assistance  in 
making  the  diagnosis  in  those  cases  in  which  we  are  in  doubt  as  to  whether  a  nodule  in 
the  iris  is  of  syphilitic  nature  or  must  be  regarded  as  a  new  formation  (sarcoma,  tubercle). 

Syphilitic  iritis  also  occurs  during  intra^uterine  life:  the  children  t^yyy  ffftip^  intA 
the  wnr|H  with  fhp  lypiains  of  it,  such  as  svnechiae.  occlusion  of  th^  pupil,  atrophy  of 
theuifl^nd  pvpn  Rtmnhv  ^f  fpr^vohiifr 

As  regards  the  acute  infectious  diseases,  we  find  that,  if  we  except  relapsing  fever, 
they  only  exceptionally  ^ve  rise  to  iritis.  We  are  acquainted  with  cases  of  iritis  foUow- 
ing  pneumonia,  pertussis,  intermittent  fever,  typhoid,  dysentery,  influenza,  variola, 
erysipelas,  purpura  hemorrhagica,  peliosis  rheumatica,  an^na,  and  mumps.  The 
iritis,  moreover,  that  sometimes  accompanies  herpes  zoster  should  probably  be  put 
down  under  this  head.  Sonae  few  cases  are  known  in  women  in  whom  a  transient  iritis 
with  h\7>opvon  hafi  ronirrpH  r^iiAriy  with  menstruation.  ^ 

Sympathetic  Ophthalmia. — It  is  supposed  that  the  sympathetic  disease  may 
appear  not  only  in  the  form  of  an  irido-cyclitis,  but  also  under  some  other,  guise.  The 
greatest  variety  of  afTections  have  been  described  as  sympathetic.  Among  non-inflam- 
matory affections,  cases  of  paralysis  of  accommodation,  of  amblyopia,  and  of  blepharo- 
spasm have  been  adduced  as  sympathetic;  among  inflammatory  affections  in  the  posterior 
division  of  the  eye,  neuritis,  chorioiditis,  and  glaucoma;  and  in  the  anterior  division 
of  the  eye,  conjunctivitis  and  keratitis.  However,  the  only  conditions  whose  existence 
is  «iip^lv  d<*mon^tratcd  are  sympathetic  neuritis  and*cEonoiqitis.  The  former  occurs 
ver>'  rarely  ana  gives  a  comparatively  good  prognosis.  As  regards  the  chorioiditis,  this 
probably  is  present  in  all  severe  cases  of  sympathetic  irido-cyclitis,  but  can  not  be 
diagnosticated,  because  the  cloudiness  of  the  media  prevents  ophthalmoscopic  exami- 
nation. Hence  we  get  the  ophthalmoscopic  picture  of  chorioiditis  only  in  those  com- 
paratively mild  cases,  in  which  the  anterior  segment  of  the  uvea  is  affected  but  little 
or  not  at  all;  and  such  cases  are  rare.  Sympathetic  chorioiditis  is  marked  by  the  pres- 
ence of  numerous  small  yellow  patches  which  occupy  especially  the  periphery  of  the 
fundus.  In  other  cases  observers  have  often  gone  too  far  in  taking  the  sympathetic 
nature  of  the  disease  for  granted.    The  fact  that  an  eye  has  been  destroyed  through 

fr«nry^^ti«m   hy  nn  nr^P^nR   i^jf^tifip«  ua  in  regardincr^   WIfhftllT.  fllH.hpr  nifmf,  lyv  «iiTi«>- 

^   It f  Ai xi_-. au^*:-     T»i>: i.: — ^  should  be  made  only 

sympathetic  mdo- 


scjcond 


the  affection  of  the  second  eye  was  caused  by  that  of  the  6rst.  TJie  converse  of  this 
inference  Joes  not  hold  good— that  is,  the  fact  that  enucleation  of  the  first  eye  does  not 
influence  the  course  of  the  disease  in  the  second  is  no  argument  agünst  the  sjrmpathetic 
nature  of  the  lesion;  indee<l.  it  is  a  well-established  fact  that  when  sympathetic  oph- 
thiihnia  has  once  broken  out,  ^^niirlpfttinp  nf  thp  pyo  first  diseased  is  not  generally  able 

to  oy^r^o  v\ys}\  y^^^"g^- 

'Can  an  irido-cyclitis  of  non-trautnatic  origin  be  transmitted  to  the  other  eye?  We 
very  often  see  irido-cyclitis  develop  spontaneously  first  in  one  eye,  then  in  the  other. 
But  wc  must  not  therefore  at  once  conclude  that  the  inflammation  has  been  transmitted 
from  one  eye  to  the  other.  It  may  be  that  we  have  to  do  with  a  deeply  seated  conomon 
cause,  generally  of  constitutional  nature,  which  makes  itself  felt  first  in  one  eye,  then  in. 
the  other.    We  should  therefore  regard  an  irido-cyclitis  occurring  in  the  fellow  eye  as 
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c,  only  in  e»nse  the  inflamination  in  the  first  vye.  xb  rertaJnly  ft  purely  local 
Tiot  dependent  on  const  it  utional  rauses.  This  is  tnie  of  two  vgrifTttrs  tM'titde 
imifttffyi«  e.,  of  thp  mtlf^ryi>liti>^  whii>h  mtmi>timi^j^f]^-pp-s  alter  1  henerfomtkin 
bc■lm>^'ll  Ulcer,  nnd  nf  ^juit  wUu'h  i[v\'iki\}s  in  t-vr^  w^ch  an  iiit  laHn-nlir  tumor>  If 
Iticr  bt comet*  necrotic*,  a  violent  inflainnutüün  of  the  inner  rt>:ifs  cif  the  vyn  resuUs. 
^  two  caae«  ^  gonnine  svmrrifhet.itt  infl^immati^n  of  tlie  .Hf»rorid  eve  i^g  ohsPrvfMl. 
tTvöugh  IT.  IS  nire. 

'I  to  way  In  whieh  the  inflammation  is  transmitted  from  one  eye  to  the  other  Is  as 
^lk^lüu^l.  Not  every  severe  traumatie  inflaintoalion  of  the  eye  leads  to  sympa- 
e  disease  of  the  other;  whether  this  develops  or  not  depends  upon  two  eonditiona: 
1.  UiKin  the  character  of  the  inHammation  of  the  injured  eye.  To  a  certain  extent 
las  been  knowTi  for  a  long  time;  thus  we  are  aware  that  in  eases  in  whieh  the  injury 
Ices  ulcus  serpenj*  or  panophtlialmitiis,  j^ympathetie  inHammation  usually  do(^ 
^t  in.  To  excite  this  an  irido-cyelitis  IB  required.  But  aicain  it  is  not  everv'  trau- 
I  irido-cyclitis,  even  when  destructive,  that  causes  sympathetie  inflamiiiation, 
toly  an  irido-cyelitis  of  a  quite  well  defim^l  sort,  which  is  mark«!  by  a  peculiar, 
characteristic  anatomical  condition  (compare  page  404).  I'nfortunately,  we  have 
Is  yet  advanced  so  far  aa  to  be  able  to  eonelude  from  the  clinieal  pieture  it«elf 
ber  in  a  given  case  we  are  deahng  with  this  particular  sort  of  iridocyclitis. 
2-  If  now  this  partictilar  kind  of  jndcj-cyelit is  does  r*?ally  de%'elop  after  an  injury, 
taibility  is  then  afforded  that  this  inflammation  may  paiss  to  the  other  eye,  but  such 
Igie  doe»  not  necessarily  follow.  For  it  to  occur,  a  series  of  conditions  must  be 
l^ed,  affecting  tlie  paths  by  which  the  passjige  takes  place.  On  the  disco%^ery  of 
♦  paths  the  endeavor»  of  investigators  have  been  mainly  exjiended.  Mackenzie 
lie  first  who  taught  us  to  know  sympathetie  ophthalmia.  He  regarded  the  optic 
i  as  the  path  of  transmission.  This  was  the  most  ob%nous  thing  to  do,  since  the 
liervc«  of  the  two  eyes  are  connected  directly  at  the  chiasm,  It  was  thought  that 
iflammation  tmvela  }>at'k  little  by  little  frutn  the  cxiiting  eye  alon^  tlie  ootic 
^f «tih^  yT^T^^^tljence  tu  t  lie  ooT ic  nerve  ol  t  he  ot  lier  siile.  und  then  on  to  t  he  ol lier 


But  t lien  the  objeetion  waj*  .smm  made  thai  in  this  ra*<e  the  inflammation  in  the 
thizim?  eye  should  necessarily  Ix^gin  with  the  eliniiid  niyt^i^re  nf  tnu^illitk  nnd  nnt 


jg 


lljdo-y  ve^  jjj  s .     M  luk  e  \\/av 


view  ifrerefore  was  abaralj_>ned,  and  it  was  t)elieved 
UiWf^  ill  ilTTMlinrv  nerves    since  tlfese 


ly  the  uvea.  Htii  .since  (he  ciliary  nerves  of  J  he  two  ^Itjes  are  tunvIitTr  in  direct 
pction.Jtns  could  nut  Vie  a  case  of  direct  mipratlun  l>ut  only  one  of  a  rfllex  frans- 
te,,    M  a  rn.tuer  i>nM<  '   M   is  s<  ;m cdy  (o  W  (l«nittr<Ml  ihsit  syTtjpat' 


ilijirv  ii<^rv<:'.jj.     in  fact  cvrn  u\  shgUt  *ii.'ingeM  Deeurrnig  m  oil 

J  or  example  a  fort^i^nTiodyin  tlie  cornea)  we  ol>ser\'e  laehrjmiation  and  photo- 
ik  in  the  other.  Hut  tliat  an  actual  infxammation  with  serious  anatomical  changes 
Id  develop  in  a  reflex  w^ay  is  in  our  pi-e^nt  Ntate  of  knowledge  inadmissible.  Hence, 
live  returned  to  the  optic  nerves  as  tlio  path  of  transmission,  Lel»er  tirst  ])ointed 
^at  such  transmission  might  Ix?  effected  by  bacteria  which,  lieing  brought  into 
iojured  eye,  first  produced  an  inflanmiation  here  and  then  migrated  by  way  of  the 
^nerve«  into  the  other  eye.  But  since  a  denionstration  fif  the  presence  «»f  bacteria 
p  syin pat lii zing  eye  eouid  not  l>e  nmde,  others  assutne  that  it  was  perhaps  oidy  the 
li  of  the  bacteria  that  got  from  one  eye  into  the  other  by  way  of  the  optic  nerves 
prminofT). 

riiere  are  weighty  considerations  however,  which  oppose  the  idea  of  the  disease 
I  conveyed  by  the  optic  nervei«.  It  has  already  t)een  mentioned  that  in  that  com 
llfrrtion  of  the  sympathizing  eye  ought  to  l>egin  onder  the  fonn  of  a  papilliris, 
b,  as  a  matter  of  fact,  is  not  the  t^ase.  It  is  true  that  on  ophthalmoscopic  examina- 
of  symiwithizing  eyes  we  can  make  out  slight  inflammatory  changes  in  the  head  of 
iptic  nerve,  but  no  more  than  in  other  ca^^cs  of  severe  in<lo-<»yclit is.  Furthermore, 
I  been  found  in  the  cases  in  which  the  sjinpathixing  aye  could  be  examined  anatom- 
ic that  these  changes  in  the  optic  nerve-head  diminished  the  further  back  one 
p  instead  of  int*reasing,  as  necessarily  would  have  lK?en  the  ease  if  the  disease  had 
cd  the  8ympathi»ing  eye  from  behind.     Moreover,  an  inflammation  thut  makes 


^ 
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its  way  along  the  optic  nerve  would  probably  produce  changes  at  the  spot  where  throu^l 
the  fhiasfii  it  pusüeü  from  one  Bide  lo  the  other,  that  is  witljin  the  cranial  cavity.  Bu 
nothing  uf  t  he  sort  is  known.  A  furtlier  argument  ^^-igainst  the  tranHiiiJAsion  bv  the  ooti^ 
nerves  is  tifforded  hy  ihctae  ciuseij  in  \vhirJi  .^ymimUn  Uc  nifi:u lyn^niun  >ct  iii.  in  >i>iU'  of 
t h^faci  Umt  the  optie  nerve  on  ihe^side  (jtTiiejJiuirud  eve  wa-s  lori^  or  cui  through 
These  ami  otlier  com^ide  rat  ions  uguinüt  (he  oi^lir-nerve  pathway  huve  led  to  the  view 
tiiat  fierhüipH  the  tmnsfer  ui  ilie  ufixiDiLs  jiiiluttnce,  which  preriurnaljly  eonsLnti*  of  tiac- 
teria.  takes  place  by  ineaa-^  of  I  he  l>l<H.id  curr^nf  ui  n.  xvav  ftnulnm^u^  n.  th^i^  ,^f  ifi^täfUfiit"^ 
(Berlin),  \Ve  must^ienof  course,  nmke  the  further  ikssumption  that  thtf^ie  barterJAj 
are  not  imthoigenic  for  the  otiter  i issues  <m  ttio  tHiilvr^rn(-e  HVTUDatheik-  onlithalinia  it 
not  eoinpfli-äfed  wiili  disease  of  other  orgau.s  lH>siile,s  the  eye. 

The  reason  for  tlje  lack  of  euct^ess  hJl  hertu  in  determining  with  certainty  the  piatli 
of  transmission  consists  in  the  great  difficulties  that  op^wse  invt^tigations  made  witli 
this  end  in  view.  So  far,  we  have  not  l>een  able  to  demonstrate  either  by  stüining  within 
the  diseased  tissue  or  by  culture  melhtKk  the  pres^ence  of  the  bacteria  that  are  supposed 
to  excite  the  s>in pathetic  inf^anunaiion.  As  yet  we  have  had  no  op{x>rt, unities  of 
examining  a  sympatliizing  eye  in  the  first  stages  of  the  diseaje,  nor  is  experi mentation 
on  animab  of  any  lielp  to  us  either.  Not  only  d<3ea  S3rmpathetic  ophtlialmia  fail  to 
occur  spontaneously  in  animals  but  the  attempt  to  produce  in  anim&ls  an  undoubted 
sympathetic  inflammation  experimentally  lias  also  failed  of  success. 

71.  Treatment  of  Iritis  and  Cyclitis. — In  every  case  of  iritis  and] 
cyclitis  it  is  incumbent  upon  us,  on  the  one  hand,  to  combat  the  lociil 
symptoms  (indicatio  morbi):   on  the  other,  to  remove  the  caiwes  lying' 
at  their  foundation  iindkallo  causal  is).     In  tho,se  easels  in  wluch  an 
etiological  fac*tor  is  not  demonstrable,  we  are  thrown  back  solely  upoa, 
the  symptomatic  treatment. 

1.  Sifwifilomaifc  TrmtmerU. — AjToi>iqe  is  the  most  knportant  rem- 
edy in  iriti^^.     Inasmuch  as  it  contracts  the  iris,  it  necessarily  diminishes^ 
the  amount  of  blood  in  its  vessels,  and  hence  directly  counteracts  the 
hyperemia.     By  paralyzing  the  sphincter  it  fulfills  a  second  indicatioa 
wMch  requires  every  inflamed  organ  to  be  put  at  rest;    the  constant] 
to*and-fro  movement  of  the  pupil  is  completely  arretted  by  atropine. 
The  third  action  of  atropine  consists  in  its  nnyturing  posterior  synechia ^ 
which   already   e.xist   and   in  its   counteract JniT  the   forniation   i>r~ne\v 
ones,  through  the  dilatation  of  the  pupiribat  it  causes.     The  amount 
ot  atropine  administered  muBt  be  caref tally  regulated  according  to  the 
degree  of  the  intensity  of  the  iritis.     During^  the  period  of  incre-a^  of 
the  nifiamjiiaüon  it  is  usually  diffipt^lt  to  obtain  dilatation  of  thej:>upil, 
beca use  a  spj^srp  nf  \]^o  spbinpter,exis^s .     In  this  case  we  must^s t i  11 1 
atropine  several  times  a  day.     If  this  doe.s  no  good»  we  place  a  little 
granule  of  atropine  in  substance  in  the  conjunctival  sac  (for  the  neces- 
sary precautions,  see  page    58);  this  is  better  than  to  instill  the  solution 
too  frequently,  by  di.)ing  which  irritation  of  the  conjunctiva  (atropine 
catarrh)  is  readily  set  up.    By  the^  simultaneous  employment  of  cocaine 
the  action  of  jitropine  mav  be  heighteiigd  (i)age  370).     When  the  in- 
fiamniation  is  abating,  atropine  is  simply  instilled  often  enough  to  keep      , 
the  pupil  constantly  dilated.  m 

In  easels  qf  irido-^Yf;!)*^-"^  ^'^  which  the  implication  of  the  ciliary  body  " 
is  parttculari}^  prominent,  and  also  in  cases. of  pure  c^^Tlitis.  atrppjne 
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is  not  ttlway.s  well  borne.  For,  in  proportion  as  the  iiis  becomes  nar- 
rower  and  itö  vessels  can  contuin  less  blood,  the  vessels  of  the  ciliary 
body  are  overdistended ,  since  they  have  to  take  up  the  blood  which 
bftod^  no  lodgment  in  the  iris.  Hence,  in  such  case^,  we  must  1h*  very 
PlautioUJi  in  the  a^e  of  atropine,  and  must  su^spend  it  whenever  we  find 
that  the  pain  increases  after  the  instillatioiu  So  also,  when  an  indo- 
fyrlilfs^  is  comliined  with  elevation  of  tension,  the  atropine  must_be 
«topDjjd  and,  if  necessary,  replaced  l)y  a  miotic*       ^  ^ 

In  violent  inflarnniation,  moist  warm  compresses  or  pouhices  afford 
the  best  results,  especially  for  the  relief  of  pain.  Co!d  compresses  are 
generally  not  w*ell  borne,  and  are  suital)le  only  for  recent  cases  of  trau- 
matic iritis.  I>jjjj^yi  introduced  into  the  conjunctival  sac  in  fH>wder 
or  iu  5-per-^ent  solution,  acts  not  only  to  relieve  the  violent  ciliary 
pain,  but  also  often  exerts  a  favoraljle  influence  on  the  progress  of  the 
disease.  Violent  pain,  moreover,  is  often  amehorated  by  the  faradic  current 
(Reuss,  pee  page  55).  Of  internal  remedies  the  main  ones  that  act  to 
relieve  pain  are  the  salicyl  preparations  (e.  g.,  aspirin). 


Free  blo<Klletting  by  means  of  six  to  ten" leeches  applied  to  the. 
temple,^or  i)\'  a  Heurteloup  artiticiat  leech,  may  very  greatly  diminish 
the  inflammatory  symptoms  in  the  bad  cases;  not  infrequently,  directly 
after  such  a  bloodletting  the  pupil  for  the  first  time  yields  to  the  action 
of  atropine*  while  before  this  it  had  remained  in  a  constant  state  of 
spasmodic  contraction.  If  the  disease  lasts  a  long  time,  the  bloodlet- 
ting may,  if  needed,  be  repeated  once  or  twice. 

One  of  the  most  efficient  means  both  of  combating  the  inflamma- 
tion and  of  absorbing  the  exudate  is  energetic  diaphoresis  (see  page  156), 
For  absorbing  the  exudate  we  may  also  try  mercurial  treatment  (even 
in  non-«yp!ul!tic~casesJ  or  sul)conjunctival  injections  of  salt — the  latter, 
however,  only  when  there  is  no  marked  inflammatory  irritation,  whi<^h 
might  i>e  increased  by  the  injectioas. 

The  higgle  nie  regulatiom  to  l>e  observed  in  iritis  require  first  of  all 
protection  from  thf^  Ijtrht,  not  only  on  account  of  tlie  photophobia  that 
is  generally  present,  but  also  because  light  excites  the  pupil  to  contrac- 
tion. For  the  latter  reason  the  protectiim  af^ainst  light  must  Ijp  applied 
to  both  eyes,  since  with  the  ccin  tract  ion  of  the  pupil  of  one  eye  the  pupil 
of  the  otlier  also  tends  tf^  contract.  The  patient  is  kept  in  a  moderately 
dftrkem*d  room,  or  is  made  to  wear  dark  goggles.  This  is  better  than  a 
bandage,  which  it  would  be  difficult  to  .apply  to  both  eyes.  The  patient 
should  t»e  moderate  in  eating,  and  should  abstain  from  spirituous  bever- 
Care  should  also  be  taken  to  secure  bodily  rest  by  the  avoidance 
all  physical  exertion  and  in  severe  cases  by  rest  in  bed.  The  healthy 
eye  should  not  be  submitted  to  a  striiin  of  anv  kind,  i.  e>.  reach nji.  etc. 
Moreover,  it  is  very  important  to  make  sure  that  the  bow^^s  of  the 
patient  move  easih^. 

2.  Causal  Indicatian. — With  reference  to  the  etiological  factor,  si/phi- 

UHe  iritis  gives  the  most  favorable  prognosis,  since  it  generali v  yields 
27 


/ 


f 

.1  i.-'^p--  ^r.-^— :ul*:  -r--Är:::i^-.  The  chief  requisite 
r-  *-—  :  .■-.  ::.  in.^-  t^  -t--  ->r-it:-;;r  Tt-rh  a  lesion  in  which 
.:--■  r^-:-.  .^nz  ^..  ^^.zx  ■^nia^  "'v  forming  a  seclusio 
-r:.-i-  i:-*:.  -  zt^'i-r-  i  -»^.ir-^K^-^  inii  -jii*  is  best  applied  by 
-Z1.J-  -  ,n-  :  /iir  :-T:z_-f:7  :-L::;r  ri-":cei  in  daiiy).  [In- 
.--  ^*--  -_=  :  -z.  j-Lr---=  • -jt:  .1  r  zierT'ir/  biehloriile  or  an 
_::  n  :  Zi-r-ir^  a—  '~-l:-  mil  n-ric:  irHVilir  or  intravenous 
:-  — .-•  i=-^i  ~'- ^  •:  ■^-^'-. — D/    The  inunctions 

•  ^'"  'jz  mrJ.  "u-  ±— ür--:  rye  his  become  per- 
::■  n  -z.-  l-z.  '  "j^r^v  sz  :*.*'l*i*r  ip  to  3  gm.  a  day) 
'lz:^szj:  z..rr~^  i.:^  "•  .:»-r-i:*ir>"«\"phili:?,  bes^ides 
.    T-j.:—--!:   -~-.-ii  "uie  :i  :o  be  attributed  to 

•  :  _:i   -  -:  -    r  i^-r-.r-^  j?  i*iniinistered.    The?e 

-  •  -  r:i.-"=.—  r.  'u-r  :  :rr5  «.f  iritis,  especially 
.    :.     _r  r  z     :  '-=l"-  jli-t  ':»=en  obtained  by  the 


rr-":  ai  i  sufficiently  long- 
^  -z  ■ :  .  --   r  .  -z:-_-    — -    *-    -'•  :..i   ::  - '".  'i:^    *  -^  pize  Ö7»  and,  added 

-    :l_-.   j.--.-"-  .  ^z-n--    :zr.i^--r-r     r  z.".;». ri-.zz  :iv  patient. 

-     .  ij:  ....-.-  '  :.'--    :  j.1^  t'^  K»e  eliminated, 

.  .:-  "    ^-  _:i    •  •:.—  -L-'^r  ■•  i.-e  remove<l  fmm 

.     -,  -      .-  --     ...     .r-   :. :    :       "~ -**r:    r  :ire  inc:ircerated 

.  ..;      •     :;:.;--:    -.It    .■j.>:r.c  iritis   must  he 

^  -       .      -  "  :..■."  .z-!.i-.r_:.i:i  •::  m1  the  iris,  iced 

. .     -  ■-■    '■-:      ■:.—- .1  i  i  iirion  ti>  the  atropine. 

-  ^     .  --'.„;.-     :—    vf»  ■  -.  :   ..  t-.-  -n  •»peration.  the 

„^  ^.  .  ^-  -^   .  -  •  .-^i      7--<  o..nsi<t^  in  .strict 

...,,,.,  •  ^  -  :.:::.':    "-^"vr  ••:   I  art,  since  this 

._      .  .  ■•        -    :.;    ■     .-.■      ..r  -■:'..  ümre  nire. 

.-■  -    -     ■.-    •    --  ".  .7-  ir.  i:.;:itod  more  in  the 

.    .  ......      :■:•..■.-."      f~  :•:»>;»; ^ä/.<  i<  peri'or med 

,    ..  ^     •    ^.  ,     :       1-   -"..:•.'  :->'^  i^e  tried  in  cases 

^  „.     _     ■•..■.  •    "'"  .    r.  :    >-:eld  to  other  rorne- 

■.-.--       -■..;•-.■'?  MI«  r.  the  cornea  are  often 
•  ^.       •  r 

■       .   -   T-.  ■:>:     ..r.   ■  e  rVioilitated  l)v  rubl»ing 
... .,  -      -.  .       ...     :   .  :■  *    i.-T.s::?  is  not   the  proper  aim 

^    •         1  -•    -'•  ..-^    V  •  V-    "".I'.r.-.r.iation  still    exists,  save 

"  ^   -^         •■  :  •>":.-:::  it  then  we  should  have 

..  ■-:  '.  ..• :.  v.iul'i  he  closed  up  again  owing 

\  .■..--     ;•  ■— 't^s.     Hence  we  undertake  an 

•  ' *-'^  Vi^  because  of  the  develop- 

'.:i-=t  resort  in  order  to  put  an 

.    ^    I  •    .    *!'      -   .:-7   •.■t\:::>   l.ave  failed.     Otherwise  we 

.     ^.     .  :  i ■  L -•-  h;is  ru::  its  course,  and  then  perform  an 
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rideetomy»  either  because  a  seclusio  or  occlusio  pupilla?  has  developed, 
dr  as  a  prophylactic  in  relapsing  iritis  to  prevent  further  recurrences^ 
Andy  in  fact,  in  many  eases,  an  end  is  put  once  and  for  all  to  recurrences- 
by  this  means;  in  other  cases,  the  subsequent  recurrences  are,  at  all  events, 
ered  lighter, 

EnjirLf^i^n  in  general  comes  up  for  consideration  only  in  those 
m  which  incurable  blindness  has  already  set  in*     It  is  then  incli- 
(I)  If  the  eye  is  permanently   infiamed   and   painful;    (2)  if  we 
Bpect  thai  there  is  a  neophisni  in  the  inflanjed  eye  (§  79);    (3)  in  case 
>of  sympathetic  irritation,  this  being  surely  and  permanently  reheved 
by  the  enucleation;    (4)  if  sympathetic  inflammation  of  the  other  eye 
threatens  ig  occur.     In  theTast  case,  enutjcaiion  has  ^hls  ^rc^a^  jiroph- 
ylactjc    value   that^  jt_  prcA'cnts    witn    alniüst    absolute    certainty    thp 
outbreak   of  syni pathetic  itifhimrnation.      But   if_^\ve   wait   to  pcj^rni 
enucleaTion  until  the  lirst  signs  of  syrppathetic  diseHSf^  shnw^  tli^eni selves, 
we  are_generally  too^late.     Hence,  to  advise  enucleation  at  the  right 
moment  is  one  oT  the  most  important  tasks  that  the  physician  has  to 
perform.    To  do  this  properly  we  must  bear  in  mind  the  fact  that  the 
danger  of  sympathetic  inflammat|ion  is  almost  confined  to  the  traumatic 
UMib^    If  it  LS  a  rase  nf  rcc^ml  inflammation,  enucleation  is  indicated 
IWWti  as  we  sei'  tliiil  hhiuliiiL^-  of  the  injured  eye  is  ine\it^ahie.     We 
'reco^mze  thai  tins  is  the  case  by  the~increasing  deficiency  in  the  qnan- 
I  titative  perception  of  light  (see  page  401),    If  the  traumatic  infiammatJon 
\  huts  already  run  its  course,  and  a  greater  or  less  degree  of  atrophy   of 
the  eyeltall  has  supervened,  enucreat^on  is  still  indicated  ill  he  eve^s 
aen^TTTve  lo^piT-^sure  or  if  it  gets  iiilfaiired  j<^en.   It  is  only  when  the 
eyeball  is  entirely  and  pernutnently  free  from  irritation  that  enucleation 
SB  not  imperative.     But  the  patient  ought  to  be  warned  that  he  should 
report   immediat ely   for  en u cleation.   if  pain   or  inflammation    happ en 
ito  sei  In  anew.  ~' 

f  In   phtTiisis  bulbi  enucleation  is  not  generally  required.     Phthisis! 

represents   the   outcome   of   panophthalmitis   of   which,  as   experience 
fehowB,  sympathetic  infiammation  is  only  very  exceptionally  a  sequel. 
I  Moreover*  phthisical  eyes  are  usually  free  from  irritation, 
I  When  sympathetic  ophthalmia  has  already  broken  out,  the  eflfect 

iof  enucleation  is  imeertain.     In  the  lighter  cases  it  appears  to  exert  a 
1  favorable  influence  upon  the  course  of  the  sympathetic  inflammation; 
in  severe  cases,  on  the  contrary,  it  is  often  of  no  avail, 
I  The  sympathetic  inflammation  itself  is  to  be  treated  according  to 

I  l^eneral  rules.  Of  especial  importance  is  the  protection  of  the  diseased 
ijnre  from  lipht,  which  is  most  perfectly  attained  by  a  long-continued 
^^pdajpng  of  the  eye.  [Sodium  salicylate  in  large,  frequently  repeated 
fflSes.  as  advised  by  Cdffordj  seems  to  be  a  very  valuable  remedy.  De 
Schweinitz  advises  full  doses  of  quinine. — D.]  Operations  generally 
give  a  bad  result,  since  they  start  up  the  inflammation  again,  so  that 
newly  formed  pupil  is  once  more  closed  by  fresh  exudate.     Hence 
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operations  are  done  only  when  it  is  absolutely  requisite  (e.  g.,  when  done 
on  account  of  increase  of  tension) ;  other  operations,  such  as,  for  example, 
an  iridectomy  for  optical  purposes,  are  put  oflf  as  long  as  possible,  prefer- 
ably for  years. 

72.  Treatment  of  the  Sequel»  of  Iritis  and  Irido-cyclitis. — Isolatd 
posterior  synechice  can  often  be  ruptured  by  the  employment  of  atropine 
eitber  by  itself  or  in  combination  with  cocaine.  Here  it  is  not  so  much  a 
long  continued  action  as  a  very  energetic  one  that  is  required,  and  this  is 
most  certainly  secured  by  placino^  atropine  in  substance  in  the  conjunctival 
sac  after  preliminary  cocainization  of  the  eye.  t^nie  instil  a  solution  of 
atropine  every  ten  minutes  during  an  hour.  Others  use  strong  solutions 
(4  per  cent)  and  employ  adrenaline  as  well  as  cocaine  to  promote  absorp- 
tion of  the  atropine.  In  all  such  attempts  to  secure  a  thorough-going 
effect,  the  precautions  given  on  page  58  must  be  observed. — D.] 

It  is  frequently  possible  to  rupture  synechiae  which  are  narrow  and 
drawn  out  into  a  point,  while  broad  synechiae  (such  as  occur  after  syphilitic 
or  sympathetic  iritis)  withstand  all  attempts. 

Ann'uJnr  j^f^f^fi^nnr  .^fnf^rn.  (seclusio  pupillfle)  demsjids  iridectomy 
unconditionally,  the  object  being  to  restore  the  communication  between 
the  anterior  and  posterior  chambers.  The  operation  is  often  difficult  on 
account  of  the  shallowness  of  the  anterior  chamber  (due  to  protrusion  of 
the  iris),  and  also  on  account  of  the  atrophy  of  the  iris.  Accordingly,  we 
must  often  be  contented  if  we  succeed  in  making  a  small  opening  in  the 
iris.  In  hump-like  protrusion  of  the  iris  this  is  best  accomplished  by  trans- 
fixion (§168).  Then  the  anterior  chamber,  in  consequence  of  the  restora- 
tion of  the  connection  between  the  two  chambers,  regains  its  normal 
depth,  so  that  a  second  iridectomy  can  be  performed  later  xmder  more 
favorable  conditions. 

Total 
is  often 

faces  _ 

ficientlv  large  piece  of  the  iris«  or  because  the  pip^ment  layer^ol  the  iris, 
which  has  grown  fast  to  the  lens,  remains  attanl^iäd  foiy^^n  such  cases 
the  only  thing  to  be  done  is  to  remove  the  lens,  too,  even  if  it  is  still 
transparent  (Wenzel's  extraction,  see  remarks  to  §  163).  If  the  lens 
is  aj]niy]kfin  nr  qKgpnt.    iriHnt.onnv  la  indiofttftd   (see  §   158). 

In  atrophy  of  the  eyeball  enucleation,  is  indicated  subject  to  the  con- 
ditions given  on  page  419.  Sometimes  enucleation  of  an  atrophic  eye- 
ball is  desired  simply  for  cosmetic  reasons,  when  the  eye  is  disfiguring 
and,  moreover,  does  not  tolerate  the  wearing  of  an  artificial  eye  over  it. 

Too  much  caution  can  not  be  inculcated  in  regard  to  the  senseless  way  in  which 
cUrojnne  is  often  used,  as  it  still  is,  unfortunately,  by  many  general  practitioners,  who 
instill  atropine  in  every  kind  of  eye  disease.  In  many  cases — e.  g.,  in  conjunctival 
catarrh — atropine  is  not  only  superfluous,  but  also  causes  the  patient  annoyance  through 
the  disturbance  of  vision  produced  by  it«  use;  and  in  eyes  which  have  a  tendency  to 
glaucoma,  atropine  may  actually  inflict  great  injury  by  determining  an  attack  of  acute 
glaucoma.    Accordingly,  atropine  should  be  employed  only  upon  quite  specific  indicur 
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1,  and  «hoiild  be  applied  ivo  offener  \him  is  requisite  to  obtain  ju«t  the  result  desired» 
Even  in  trit»»  atropine  is  unless  if  the  pupillary  inargiu  ig  Hdlicrent  to  the  capsule  through- 
out, and  the  irif$  hence  ean  nut  retra<'t. 

If,  after  an  iritis,  one  or  two  posterior  syneehiu»  are  left  which  do  not  rupture  when 
Atfopine  ia  energetically  eniplo>TBd,  we  abstain  from  further  treainietit  of  tfiem,  sineo 
llwjy  generally  do  uo  liarm  to  the  eye.  At  the  present  time  we  iiave  entirely  d€siste«J 
ffom  releasing  them  by  operation  (eorelysis).  When,  however,  an  annular  t^ynechk  » 
preeent,  wc  ought  not  to  let  it  stny^  hut  tnu.Hi  make  an  iruieriumy,  This  \»  abso  indieatM 
tn  those  ttaÄürf  m  which  the  seeUusion  t»f  the  pupil  is  not  yet  indeed  eomplete,  but  m  on 
tllO  verge  of  being  so,  only  one  t^mall  HfK>t  of  t  he  pupillary  margin  being  fri*e  from 
it.  For  if  we  are  dealing  with  a  chronic  iritlo-eyelitis,  we  can  count  up<.»n  thi«  small 
•poi  »  fttKin  f  becoming  ad  lie  rent  Uhj,  and  in  that  ca^e  it  is  better  not  to  wait  for  ihese- 
rluüion  of  the  pupil  to  l^ecome  complete.  It  k«t  particularly  advisable  uol  to  do  «o  if 
XXm  fiat  lent  lives  far  from  the  phy»ieian^  and  might  perhaps  kt  llie  proper  ironienl  for 
the  irideiHoniy  pass  by. 

In  seeluüio  pupillap  the  iridectomy  is  made  upward.  If  orclusio  pupillae  is  «imu!- 
lAtMHiualy  presieut,  we  siiould,  according  to  the  riilc«  laid  down  for  an  opliral  iridectomy 
in  f  15<i,  make  the  eolo!mnui  to  the  inner  side  and  Ijelow.  But  even  in  the«e  caHe«  it  ia 
MtTisable  to  nmke  the  iridectomy  upwarel,  I  ecause  it  m  so  often  the  ease  that  the  lenii 
ftiftcrwani  becomes  opaline,  and  in  that  tii^^e  a  coloboira  situated  above  will  be  of  ad- 
ViMilage  in  i^erforming  the  extraction  that  will  be  retiuired  later. 

In  ca^CH  of  chronic  iridt>-ehorioidit is,  iridectomy  iä  mit  only  niechanieally  efficient 
by  removing  the  »et'lusio  pupilhc,  but  it  aUto  has  a  favoruble  iiiHuence  upon  the  entire 
nutritive  condition  of  the  eycv  The  vitrccnm  clcarw  up  and  the  sight  improve«^  often 
im  <|uitc  a  long  time.  If  an  oji^eration  is  tlone  upon  eyes  which  have  already  l>egtjn  to 
Lr— that  is,  are  on  the  ruad  to  atrophy-  I  lie  eye  in  favorable  case«  fills  out 
the  ocular  tension  beconH\'*;  normal, 
though  enucleation  generally  atTorcLs  a  i^ure  safeguard  against  sympathetic  infk.ni- 

, ]  of  the  other  eye^  nevert heletJi^  a  8erie8  of  cawef  is  known  in  whi^'h  in  ypite  of 

[icleation.  inflanimation  ha><  8ubse<|ue^tTv  majctp  its  aoupi^nncfv     In  every  instatiÄ 
it  lias  jiel  in  wit  tun  a  sliort  time     froiiia  ft"w  da>is  to  a  few  wet'k.s  -  after  the  enucleation, 
^f^t  interval  so  far  obsc^rvcd  in   fortv-Beven  days   (ShawK  [fifty -three  days  in  a 
>Tejil(cnson',s  ciici!  by  1  H*  Schwcinitz,     D/j     Yet  even  iu  this  cawe  ermcleation 
fail  to  exert  a  favorable  pfTect ,  .sint-e  in  the  gntit   majority  of  these  cases   the 
tie    inflamuiation    nm>*    an    unusually    favorable    course^    probably    ljecau»e 
ival  of  the  first  eye  prevent^Ä^  coiiötiint  emission  from  it  of  new  im pulses 
for  the  production  of  inflammatioj] 


II.  I 


Iris. 


I 

^H   73-  In  addition  to  what  has  been  already  said  in  the  previous  sees 
^Kn»  in  regard  to  injurie^s  of  the  iris  and  their  eonsequencei?,  the  folbiw- 
is^  ^special  varieties  of  injury,  which  are  mo.st  frequently  observed  after 
^bitUfiion^  of  the  eye,  may  he  mentioned: 

^H  I.  Under  the  name  of  iruhdiaiysis^  is  designatet!  the  separation 
^Blhe  iris  from  the  ciliary  botly.  We  then  find  on  one  side,  at  the  cihary 
marninn  of  tlie  iris,  a  black  cres;cent  whieh  is  formed  by  the  »reparation 
of  the  iris  from  its  insertion  at  thi8  spot,  so  that  we  can  there  look  into 
the  interior  of  the  eye  (Fig.  !89).  When  the  separation  is  pretty  ron- 
ridernble,  the  edge  of  the  lenj*  (D,  the  ciliary  processej^i  ip),  and  the 
fibers  of  the  zonula  of  Zinn  stretching  between  the  two  can  be  recog- 
nized by  meanB  of  hiteral  illumination  in  the  gap  that  is  thus  produced. 
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The  pupil  has  lost  its  round  form,  owing  to  the  fact  that  the  pupillary 
margin  toward  the  jside  of  the  iridodialysis  has  shortened  so  as  to  occupy 
the  chord  of  an  arc  instead  of  the  arc  itself  (Fig.  189,  o).  The  cause  of 
this  inward  displacement  of  the  pupillary  margin  lies  in  the  fact  that 
the  separated  portion  of  the  iris  is  stretched  in  h  straight  line  by  the  con- 
traction of  the  sphincter.     By  this  means  it  is  withdrawn  from  its  inser- 


Fio.  189. — ImooDiALTBis.     Magnified  2X1. 

The  pupillary  margin  at  a  is  sloped  off  so  as  to  form  a  straight  line.  At  a  point  oorresponding  to  thii 
«pot  the  iris  is  separated  from  the  ciliary  body  and  is  narrower  and  somewhat  wrinkled.  In  the  mtoval 
between  the  iris  and  the  margin  of  the  cornea  are  neen  the  margin  of  the  lens,  I,  and  the  apices  of  the 
ciliary  processes,  p;  the  fine  radiating  striation  between  the  two  structures  represents  the  KHiula  of  Zino. 
jk»  circulus  iridis  minor;  c,  contraction  furrows. 


tion  in  the  ciliary  body,  and  its  reunion  with  the  latter  is  rendered  forever 
impossible.  The  sight  is  but  little  affected  by  iridodialysis;  the  only 
thing  being  that,  if  the  eye  is  not  accurately  focused,  monocular  diplopia 
may  occur,  owing  to  the  formation  upon  the  retina  of  an  image  both 
by  means  of  the  pupil  and  also  of  the  peripheral  opening  (see  §  123). 


Fig.  190. 


Fio.  191. 


Fio.  190. — Largk  Radial  Lacerations  of  the  Irih.  Above  lies  a  large  laceration,  whose  edcei 
gape  widely  and  whose  upper  extremity,  which  does  not  reach  to  the  ciliary  border,  is  rounded  off. 
The  smaller  laceration,  which  lies  close  to  the  larger  one  on  the  inner  side  of  the  pupil,  retains  its 
ori^nal  acute-angled  shape.  The  pupil  is  dilated,  and  for  obvious  reasons  lacks  the  black  rim  of 
retinal  pigment  in  that  part  of  its  circumference  occupied  by  the  lacerations. 

Fig.  191. — Small  Radial  Rupture  of  the  Margin  of  the  Pupil.  Magnified  2X1.  At  the  out- 
side and  above,  the  margin  of  the  pupil  is  regular  and  is  surrounded  by  the  black  line  of  the  retinal  pig- 
ment. At  the  inner  side  and  below,  this  line  is  wanting;  the  margin  of  the  pupil  here  is  irn^ulu-,  showä 
small  indentations,  and  is  retracted  along  it«  whole  extent  so  that  the  pupil  is  dilated  down  and  in. 


Iridodialysis  may  occur  to  any  extent,  from  a  scarcely  perceptible 
tear  to  complete  separation  of  the  iris  from  its  ciliary  attachment.  In 
the  latter  case  the  iris  rolls  up  into  a  ball  which  sinks  to  the  bottom 
of  the  chamber,  and  which  by  the  next  day  has  shrunken  into  an  in- 
conspicuous little  gray  mass.  If  a  rupture  of  the  sclera  has  been  at 
the  same  time  produced  by  the  injury,  the  separated  iris  may  be  ex- 
pelled altogether  from  the  eye  through  the  scleral  wound.     In  both 
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eases  complete  absence  of  the  iris,  irideremia^  or  aniridia  ^^  traumat- 
iea  is  produced*  Again,  a  partiul  expulsion  of  the  iris  from  the  eye 
HUiy  occur,  especially  in  ciuses  of  rupture  of  the  sclera,  and  thas  a  trau- 
maiic  coloboma  is  produced* 

2.  Radiating  laceratiows  which  start  from  the  pupil.  These  may 
extend  to  the  ciliary  margin,  so  that  the  pupil  at  the  site  of  laceration 
appears  to  be  prolonged  to  the  margin  of  the  cornea  in  the  form  of  a 
pointed  Gothic  arch  (Fig.  190).  Such  large  lacerations,  however,  ar« 
rare.  Generally  the  pupilhiry  margin  is  simply  lorn  into  a  little,  and 
the  laceration  gapes  so  slightly  that  it  is  disrovererl  onlv  upcm  rnreful 
examination,  e^^pecially  with  the 


aid  of  a  magnifyin^^  glass  (Fig. 
191).  Such  small  laceratioas  are 
the  mo^t  frequent  r^tuso  of  the 
dil a t^ti«in  c>ll  tne  pupil  irfn/drjasis 
jraurnalicd)  which  rlevelops  after 
OontusioTLs  and  which  is  founded 
apon  the  weakening  or  |):iralysis 
ctf  the  »phi  net  er  due  to  tfie  hiccr- 
ation.      In   such    easoi^,   f(jr   the 

most  paH    fi  n^^i^jf^rnff-  liilui  nl\nn 


of  the  puj^remainis  permnnen  i  1  y . 

The  ciliary  nius<-le,lito,  may 

be  paraly/7'1  t>\  n  fauiu^'j^nT^nR 

tnftmfAfitY^^    t,y  tlu/.Ti[||if>Tifii>n  rif 


?/ 


mL 


FlQ.  1ÜI2. —  Invkiihiok  o»  TMK  tjtiH.    Mn^tillieti  11  -   1- 


Fourteen  days'  previotj*  a  pioce  of  wimxI  \mti  Rowii 
into  iht>  piiti(*nt'>i  eye  wlult*  h«^  wtks  yplittinjc  W'jimI. 
The  t^ye  Awwv^l  a.  rupture  of  the  «elera  rutitunie  vlom 
to  the  timhuis^  Tlie  irjji  Um(\  I  «pen  lnrtie*j  over  back- 
wanJ  ah'i  made  io  lie  on  the  «urfaee  of  ihe  ciliary 
body.  It  i»  retainetl  in  Ph>^  i«.«ni<in  by  a  tiU^Ut 
exudation  membratie,  a;  t)),  I  toapro|ec- 

tion  of  iris,  nroduced  by  tli*  the  puptllAry 

portion  of  the  irin  so  tu>  to  ii  ;;;.  .i..  „.   ir.,  m^iütI«  with 
the  eilrnrv  portion.     Netu^  the  ftre  tttut<  -i« 

the  pupillary  pcirtion  m&kei*  another  tc  ti, 

and   M>  does  the  «ptiiuctcr  pupilUe»  wlu^ .    ..    .,*..  m 
croaa  section  al  «. 


the  amplitU'leuf  :i<'r<iTnm<id:ttion 

ression  of  the  ru^ar  poi nt ) . 
3.  Inversion  of  the  ins  {A m- 
mon)  consists  in  its  being  turned 
back  so  as  to  Ue  upon  the  surface 
of  the  ciliary  body  (o,  Fig.  192)^ 
The  iris  then  can  not    be  seen 

«cupying  its  normal  place,  and 
hks  as  though  it  were  absent  altogether-     Total  inversion  of  the  iris  is 
ry  rare.     Partial  dislocation  backward  is  more  frequently  observed. 
At  the  spot  wliere  this  take^  phire  the  iris  seems  to  be  wanting,  anti  a 
coloboma  appears  tr>  be  present  just  as  if  an  iridectomy  had  been  Joade. 
^^     Injurias  of  the  iris  are  generally  accompanied   by  hemorrhage  into 
^fc  anterior  chamber.     The  blood  which  arises  from  the  ruptured  ves- 
^■b  of  the  iris  sinks  rapidly  to  the  bottom  of  the  chamber  (hyphtrma), 
^Bd   for  the  most    part   disappears  by  resorption   within   a  few   days. 
Tlien*  and  not  before,  are  we  able  to  investigate  completely  the  damage 
iich   the  iris   has  sutlered    from    the    injury,   and   we   find    perhaps 
iridodialysis  or  radiating  lacerations.     But   often   even  then  it  is 


^fwok  t^«  and  Jj»i|»*U,  loaellMM,  want.       ^Prom  a  privainre,  and  Ipt«. 
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impossible  to  discover  a  solution  of  continuity  in  the  iris,  and  so 
the  source  of  the  bleeding  remains  unknown.  In  many  of  these  cases 
the  blood  is  supposed  to  come  from  a  laceration  of  Schlemm's  canal 
(Czermak). 

Treatment. — If  the  symptoms  of  irritation  after  the  injury  are  par- 
ticularly marked,  we  apply  iced  compresses  for  several  days;  in  other 
cases  it  is  sufficient  to  keep  the  injured  eye  under  a  bandage  and  to 
insure  quiet  on  the  part  of  the  patient,  secured,  if  need  be,  by  rest  in 
bed.  If  an  iridodialysis  can  be  made  out,  we  instill  fi.trnpinA  in  nrAt^r 
that  the  contracting  sphincter  shall  not  draw  the  iris-  farther  awav 
from  Its  pomt  ot  attachment:  in  radiating  lacerations,  however^  atm- 
pinft  {s  nnnl,rainrlicat,ftd.  because  it  would  make  the  lacerations  gape 
still  more.  For  the  reabsorption  of  large  quantities  of  blood  diapho- 
retic treatment  may  be  initiated.  Iritis  Is^  generally  not  to  be  appre- 
hended after  injuries  of  the  iris  not  associated  with  the  perforation  of 
the  membranes  of  the  eye.  With  reference  to  the  treatment  of  per- 
forating injuries,  see  page  331. 

Iridodialysis  is  sometimes  imintentionally  produced  in  operations  upon  the  iris. 
If  the  eye  that  is  heing  operated  upon  makes  a  violent  movement  at  the  moment  when 
the  operator  grasps  the  iris  with  the  forceps,  the  iris  may  by  this  means  be  separated 
from  its  insertion  to  a  varying  extent,  or  even  in  part  be  torn  out  of  the  eye.  Great 
hemorrhage  into  the  anterior  chamber  is  always  the  result  of  this  imfortunate  accident. 
In  iridectomy  done  on  account  of  occlusion  of  the  pupil,  iridodialysis  may  also  be  pro- 
duced in  the  following  way:  The  operator  grasps  the  iris  and  tries  to  draw  it  out  of  the 
wound.  To  effect  this  it  ought  first  to  be  set  free  from  the  pupillary  membrane.  But 
if  the  connection  between  the  latter  and  the  iris  is  very  firm,  the  two  do  not  separate, 
but  the  membrane  and  also  the  iris  of  the  opposite  side  follow  the  course  of  the  traction, 
so  that  an  iridodialysis  is  produced  upon  the  side  opposite  the  iridectomy.  Hence,  in 
such  cases,  the  iris  ought  always  to  be  first  released  from  the  pupillary  membrane  by 
lateral  movements  of  the  forceps  before  it  is  drawn  out  of  the  wound. 

Iridodialysis  is  produced  in  a  non-traumatic  way,  when  neoplasms  of  the  ciliarg 

bodv  grow  out  into  tbe  ant/^nnr  Phfl-r^^r  aniu»  yradn^ly  t/^  pimh  t^  ^Vi«  >iw^y  fr»tnjS 

insgrtjaSTfiisrisSand  195),  and  is  also  produced  by  traction  on  the  iris  (pa£e  397). 
To  account  for  the  above-described  traumatip  cha,nges  in  the  iris,  two  factors  have 
to  be  taken  into  consideration.  The  first  is  based  upon  the  flattening  which  the  cornea 
undergoes  through  the  contusion,  and  because  of  which  its  circumference  and  conse- 
quently also  the  circle  of  insertion  of  the  iris  become  larger.  If  this  enlargement  takes 
place  suddenly,  the  iris  can  not  adapt  itself  to  it  and  tears  away  in  places  from  its  inser- 
tion, so  that  iridodialysis  is  produced  (Arlt).  The  second  factor  consists  in  the  circum- 
stance that  the  blow  which  strikes  the  cornea  and  flattens  it  out  also  pushes  the  aqueoi» 
backward.  The  latter  tends  to  recede  and  pushes  against  the  posterior  wall  of  the 
anterior  chamber,  which  in  the  area  of  the  pupil  is  formed  by  the  lens  and  in  the  rest 
of  its  extent  by  the  iris.  The  latter,  when  pushed  backward,  finds  a  support  in  the  lens 
except  at  the  marginal  portion  of  the  iris  which  lies  outside  of  the  margin  of  the  lens. 
Here  the  posterior  chamber  is  deepest  and  is  bounded  posteriorly  only  by  the  feeble 
zonula  of  Zinn.  The  periphery  of  the  iris,  therefore,  forms  the  most  srielding  spot  in 
the  posterior  wall  of  the  anterior  chamber  and  the  one  which  is  the  first  to  give  way 
before  the  pressure  ^f  the  receding  aqueous.  Hence  the  iris  is  bulged  out  backward 
by  the  aqueous  so^toTomTa  sac  extending  as  far  as  the  zonula,  or,  if  this  ruptures, 
extending  even  intr^' the' vitreous  (Fig.  193,  u).  Th^^tHitect  consequencco  o^ ihin  didoca- 
timmf  the  iris  anr  thr^fold:  "martced'Bt retching  of-the  fibers  of  the  iris  in-a^sdial  direc- 
tion; dilatation  of  the  pupil;  and,  finally,  in  extreme  cases,  rupture  of  tjiAjKUUll^- 
The  first  factor  may  result  in  iridodialysis.    The  sudden  dilatation  of  the  pupil  may 
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I  radiating  lacerations  of  the  sphincter  and  consequently  paralysis  of  the  latter. 
tipture  of  the  zotiula  eaiisee  treimilousness,  subluxation,  or  luxation  of  the  lens. 
If  the  backward  dislocation  of  the  iris  and  the  fonscMiwent  reeeasion  of  its  piupillary 
margin  are  of  a  sufficiently  high  degree  tx>  cause  the  latter  to  «Hp  hack  over  the  edge  of 
the  lens,  the  lens  being  no  lunger  held  in  place  by  the  zonula  will  «lip  through  the  pupil 
into  tbe  anterior  chamber,  where  it  is  then  held  captive  by  the  iris,  which  again 
coDtractfi  behind  it  (luxation  of  the  lens  into  the  anterior  chamlxr).  FinaUy,  the 
aac-lik«  intrusion  of  the  periphery'  of  the  iris  may  be  so  extemjive  that  the  iris  at 
ont  spot  in  cfjmplet^ly  rc^versed  and  pointa  straight  backward  (Fig.  WS,  o)  and 
iovernion  of  the  iris  is  produced  (Förster), 
A  sriiali  eharp-ediged  hole  may  be 
nude  in  the  iris  by  foreign  bodies^  partic- 
ularly fragnientd  of  n^eta!,  entering  the  eye. 
If  »uch  a  hole  is  not  blocked  by  blood  or 
exudation  it  never  grows  together  but 
remains  unchanged  all  throitgh  life.  Upon 
this  fact  depends  the  p<-issibility  of  eflfert^ 
ing  a  pc^riuanent  communication  between 
the  ant^erior  and  posterior  chambers  in 
»eclusio  pupillip  by  making  a  «mall  hr>le  in 
thf^  im  (transfixion,  J  15H).  For^  pro  vi  »ted 
it  is  not  inflamed,  the  iria  hris_rii^U'mkncy 
I  rovor  nvrr  raw  t-(^ifTa<<  s  liy  cLCatnzüTinn 
,  Ktr  oxiLHL|)l</,  ttM-_ui;jrij|<-:i  dtys.  Tnus  in 
ms  stump  which  is  prtKluced  by  an 
idectomy  we  find,  even  many  years  later, 
tissue  as  smoothly  divided  and  as  bare 
it  waa  directly  after  the  operation 
ig.  U2). 

After  injuries,  especially  concussions 
ith  rupture  of  the  sclera,  there  is  often  produced  laceration  of  the  cilwry  iMidy  at  its 
tacbniont  or  even  an  entire  »eparfition  of  it  from  the  sclera.  This  sort  of  injury'  is 
>und  quite  often  in  amitomical  specimens,  while  chnically  it  cannot  be  diagnosticated, 
!cause  we  cannot  see  the  ciliary  Iwidy  in  the  Uving  eye.  By  laceration  of  ihi»  siirt  the 
l^nor  cliatidjcr  is  placed  in  direct  comnumication  with  the  space  Iwtween  the  sclera 
one  hand  and  the  ciliary  body  and  chorioid  on  ihe  other  (perichorioidal  space).  It 
lUa  becomes  possible  for  the  atiueous  to  enter  this  apace  and  detach  the  chorioid  from 
aclera  (see  Detachment  of  the  Chorioid,  }  78). 


Fjo.  193,^lKVKfiMOK  or  Tar  Iju».    Schematic. 

Th*  oornc»  i.*  flatt<^ned«  aad  cun»«quentty  the 
aqueoti«  i»  pui^het!  IjuckwHnl  by  the  fc»rc«  which 
act<^  lipon  lh(*  itefUler  of  Hi«  cttrnea,  A»i  a  re»ult 
of  tt1li^.  thr  iri»  in  Uim  Ukwpr  pan,  ii.  bulge»  out  in 
I  tip  fnnn  of  a  «w,  but  at  \\s  upp^r  |iart,  »,  i»  com- 
pletrly  reversed,  «o  m  lo  ]>aint  Htmisht  back  wird. 


II L  Tumors  of  the  Iris  and  Ciliary  Body. 

74.  L  Cysts  of  the  /rts.— Serous  cysts  occur  in  the  iris.     The^e  are 
filled  with  a  clear  substuTice,  and  develop  within  the  stroma  of  the  iris, 

thtit  their  wulls  are  furmed  by  rarefied  iris  tissue  (Fig,  194).     Thgy 
ae^'eloD^ffer  penetnif  inir  wmiTids  /if  tJ^'^pv^J^j^ll    and  grow  very  gradu- 

ialfy  until  they  rearh  the  posterior  surface  ftf  the  cornea  and  fill  half 
or  more  than  half  of  the  anterior  chamber.  Then  elevation  of  tension 
tup^rvenes,  and  as  a  result  of  this  the  eye  becomes  entirely  blind.  To 
prevent  this,  the  cysts  must  be  removed  in  season  by  an  operation. 
[This  is  performed  by  making  an  incision  at  tlie  margin  of  jjie, cornea  at  a 
piint  fwrcspundirig  to  the  cyst ;  theTorf^efis  is  ^-iitered  tliroutrh  theiruT- 
fcmn^'Mnfj  the  rvsc.  tt^getiier  with  the  adininintr  iri>-^,  is  thawn  out  and 
^rise<L  Often  romplete  removal  is  not  possible,  in  wliich  case  a  recur- 
rence  of  the  cyst  is  to  he  expected,  which  will  require  a  new  operation. 
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2.  Tuberculosis  of  the  Iris. — ^This  is  observed  in  children  and  young 
people.  It  occurs  as  disseminated  (miliary)  tuberculosis  and  as  conglobated 
(solitary)  tubercle — i.  e.,  either  in  the  form  of  small  nodules  or  as  a  larger 
growth  resembling  a  neoplasm.  In  the  milder  cases  recovery  may  take 
place,  while  in  the  severe  cases  the  eye  is  usually  lost.  The  treatment 
consists,  on  the  one  hand,  in  combating  the  local  symptoms  of  iritis,  and, 
on  the  other,  in  the  general  treatment  of  the  tuberculosis  by  hygienic 
means,  internal  remedies,  and  injections  of  tuberculin.  But  if  the  disease, 
nevertheless,  keeps  on  and  blindness  is  impending,  it  is  better  to  remove 
the  eye  by  enucleation,  that  it  may  not  be  the  source  of  a  further  extension 
of  the  tuberculosis. 

There  is  no  doubt  that,  furthermore,  many  cases  of  chronic  iritis, 
in  which  real  tubercle  nodules  are  demonstrable  neither  clinically  nor 
anaton)ically,   are  yet  attributable  to  tuberculosis,   and  can  be  cured 

by  treatment  directed  against  it  (tuberculin 
injections).  It  is  unknown  whether  in  such 
cases  we  have  to  do  with  an  accumulation 
of  (perhaps  weakened)  tubercle  bacilli  in  the 
tissues  of  the  iris  or  with  a  simple  toxin 
action. 

3.  Sarcomata. — Sarcomata  of  the  iris  are 
for  the  most  part  pigmented,  brown  tumors, 
which  grow  at  first  slowly,  afterward  more 
rapidly,  until  they  fill  the  anterior  chamber, 
and  finally,  breaking  through  the  envel- 
opes of  the  eye,  extend  their  growth  ex- 
teriorly. 

Sarcomata  of  the  ciliary  body  remain  for 
a  long  time  unnoticed,  since  they  are  covered 
by  the  iris.  It  is  not  until  they  have  reached 
a  certain  size  that  they  are  seen  as  a  brown 
projection  behind  the  iris,  or  are  recognized 
by  their  growing  forward  into  the  anterior 
chamber  (Fig.  195).  This  latter  process  takes 
place  at  the  angle-of~the  chamber,  where  they 
SfÄtr?^'^^^'^'^*'^^^''^"'*  push  the  iris  away  from  its  insertion  (irido- 
•—  dialysis).     With  regard  to  their   subsequent 

course,  sarcomata  of  the  iris  and^he  ciliary  body  resemble  those  which 
spring  from  the  chorioid,  to  which  reference  must  be  made  for  particu- 
lars (§  79). 

The  only  treatment  for  these  tumors  is  radical  removal,  which  should 
be  performed  as  early  as  possible.  Very  small  sarcomata  of  the  iris  can 
be  removed  by  iridectomy,  those  parts  of  the  iris  which  bear  the  nod- 
ules of  the  tumor  being  excised.  Larger  sarcomata  of  the. iris,  and  also 
sarcomata  of  the  ciliary  body,  require  the  enucleation  of  the  eye 
without  delay. 


Fia  194. — Cyst  op  the  Iris. 

The  cyst  occupies  the  inner 
lower  portion  of  the  anterior  cham- 
ber. It  is  round,  gray,  and  trans- 
lucent, and  displays  on  its  surface 
delicate,  radiatinfi;  fibers,  which 
belong  to  the  interior  layers  of  the 
iris.  Its  upper  and  outer  margin 
•  covers  the  somewhat  distorted  pu- 
pil, which  appears  as  a  dark  oval 
spot  showing  through  the  cyst  at 
a  point  about  corresponding  to  the 
center  of  the  cornea.  Bordering 
the  cyst  on  the  outer  side  is  a  ver- 
tical, whit«,  linear  cicatrix  in  the 
cornea,  originating  from  a  perfor- 
ating injury  that  was  caused  by 
a  kick  from  a  hoof  thirty  years 
before.  From  all  sides  the  iris 
is  drawn  into  the  cicatrix,  and, 
owing  to  the  tension  thus  pro- 
duced, the  part  of  the  iris  that  runs 
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r  cyatu  of  the  iris  are  a  very  rare  aiTection.    Thpy  appear  under  tho  form  of 

^      Rnsparent  vpsicles  whose  anterior  wall  ysually  shows  atiU  otw  or  two  tibers 

of  rmrefied  iris  tissue,  anil  al^o  fvmie  pi|jjnn'nt.     VVI*en  they  have  reached  the  jxipterior 

mirfikce  of  the  eomea.,  they  flatten  out  upon  it,  while  the  cornea  at  the  point  of  apposition 

\  cloudy»  as  it  always  do«s  when  in  et>ntaet  with  foreign  tissue.    Meanwhile  the 

■t  lias  Already  reached  the  pupillary  margin  of  the  iris  and  pushed  it  forwartl  into 

pupit,  1*0  that  the  latter  becomes  kidney-shaped»  and  afterward  even  redueed  to  a 

lit«     Moreover,  the  eyst  keeps  extending  backward,  too,  iuid  thus  cauiw^s  tilting  and 

fterward  opacity  of  the  lens.    All  thej*e  factors  give  rise  to  disturbance  of  vision,  whieh, 

be  sure,  is  frequently  unnoticed  by  the  patient,  whost?  vision  has  akeady  been  im- 

'ftiircd  by  the  injury. 

Cases  of  congonitai  serous  eyatts  ha_\-e  hf^'n  nh^^^^'t ;  fll^^fw^aar«  of  pet^i^U^*  which 
'  distinguished  from  the  serous  cysts  by  their  contents,  which  are  ptiltaceoiis,  tallowy, 
like  gruel;  in  rare  ca?es  hairs  are  also  found  in  them. 

Mieroscopical  examination  of  the  cysts  has  provt^i  that  their  walls  are  formed  by 
tissue,  w^hiie  their  inner  surface  i^  Uned  with  epithelium,  which  secretes  the  serous 
DQlent«  of  the  eyst;  in  the  pearl  cysts  the  pulta""njus  ronteni!^  are  forme<J   by  the 
j)ttheÜai  cells  which  are  constantly  throp^n  off  from  the  inner  surface  aiid    undergQ 
^t  t  y  difiD  tegraiion . 


k'^Mn^ANOAARCOMJi    OF    TTIK    ClUARY    BODY.      HoiUtONTAi.    SCCTION    TBROÜGH    TltK     LSPT 

EvFRALi,  or  A  TBiwTr-rJORT-TRAa-OLü  WakiAK.     BiUcnificd  2  v  1. 

The  turoor  ntÄrt*  frttm  the  na^^al  »»»!«►,  n,  of  tin?  cilinry  Ijotty»  and  the  most  Anterior  portiotu  tjf 
.  cliohot«!.  Anil  forjji!^  a  heini^pliero  extemliUR  tfito  the  mieriur  i»f  ih<»  cyi».  Tht»  bright  jtpoi«  titid 
VT  tn  thr  TMn\or  reprfiss«nl  cni*^  j^-ctionn  of  the  iiumrn*Uft  hrnad  and  thiii-wallie«!  bt*KMj-v<«WMrl«.  Al 
'»  r  the  new  growth,  whkh  Iia«  jx'rforaleii  the  root  of  tin?  in^,  ha*  pu^htni  iti<  way  Into 
it^r,  where  it  wim  viMhle  in  the  hviug  eye  lu«  ä  bmwni-h  riiiu*»  hlling  the  »inu«  «f  the 
If  if  detached  from  its  insertion  by  the  tumor  (irhhidialvHiM.  behmd  tlie  iria  Iho 
nx  hnigi^  lorward  n«wly  to  the  »Jtis  of  theeye.  the  noMiJi  portion  of  \Uv  ierin  hA%  iiii;  dii^ApjieariHl  by 
,  Aod  BO  givun  way  to  the  a^lvaticins  turnor,  ITie  ten*  ha*  cfip:*equenlly  a)utiere<l  but  an  ineon- 
»  duplaoement  to  the  t<«iiipQral  «lute —enouith,  n«verthcje?*.  to  make  it-*  edge  »Nil  nirnm*!  the 
""^1  citiary  procesitset  there  and  flcitten  them  out  »oine\vhat.     The  lens  ir*  tran^s  1  »he 

runinjiirc«).     Tho  retina  i«i  adherent   to  thi?  uiurfaeo  of  the  new  «rowth,  \  p  is 

-There  wa*  no  detachtnent,  however,  in  the  livine  eye,  thi»  conditio»  hav.i, -«ed 

ntikijiit  of  th«  vitrcou*  »u  the  tiardeniae  fluid.      Before  enucleation    the  eye  \\\u\  iiMrniui  t«n- 
\  iu)d  a  visual  acuity  of  ^. 


We  have  as  yet  n»>  eertain  explanation  for  the  development  of  qy^Xs  exeept  for  the 
no^rt  ordinary  kind,  namely,  the  traumiitic  cysts.  Nurmally  there  are  nowhere  in  the 
m  either  glands  or  epif  helium  ?»o  that  retention  cysts  are  not  to  be  thought  of*  The 
lium  must  have  gotten  into  the  iriü  from  the  outside.  How  this  is  possible  ia  clear  to 
1  we  remember  that  in  the  process  of  healing  in  wounds  of  the  oomca  the  epi- 
Sum  on  the  surfaet*  Ui?nally  grows  rapitlly  down  into  the  deeper  partfl  (epithelial 
idipoing,  Fiß.  112).  Sometimes  it  happens  thai  the  epithelium  extends  beyond  the 
Bner  orifice  of  the  wound  anil  into  the  interior  of  the  eye.  In  that  case  it  grows  on  along 
walla  of  the  anterior  chamber  and  eovers  both  the  posterior  surface  of  the  eomea 
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and  the  anterior  surface  of  the  iris  (Fig.  196,  D  and  6).  Surh  &  formation  of  an  e-pitfiduil^ 
lining  for  the  anterior  chamber,  which  may  rorcive  the  name  of  an  anUTiffr-^hamber I 
cyd,  can  not  bo  (liagnostirfated  clinically,  since  the  epithehum  is  transparent;  but  it  isl 
very  destructive  to  the  eye  as  it  leads  to  increase  of  tension  because  the  epithelial  lining^ 
binders  Eltration  thmugh  the  aimn^  of  the  chamber.  If  the  iris  abuts  on  the  pos- 
terior orifice  of  the  wound  I  he  epit  helium  as  it  grows  into  the  deeper  parts  gets  into  it 
(Fig*  19^};  it  pushes  the  layers  of  the  iris  further  and  further  apart  and  becomes  deve 
oped  into  an  iris  ct/^t  fStölting). 

Cyst^like  structures  ipfteaMicyst»)  may  be  produced  by  the  fact  that  f>artioni)  < 
the  anterior  chamber  become  sacculated  by  adhesions  of  the  iris  to  the  cornea,  and 
portions  of  the  ponterior  chamber  by  adhesions  Ix^tween  tfie  irii*  and  the  lena — wich 
sacculated  portions  afterward  dilating  from  accumulation  of  the  liquid  couUunod  ta 
them. 


Ho 


^r'^m^ 


Ho 


Fio*  1&6. — MiQfunoN  OF  Efit^exiuii  jwto  the  Interior  or  the  Ete.    Macnißed  30  X  1, 

Afier  Ml  operation  by  flap  Jti<ci»ion.  for  a  w^nile  cataract  a  icood  hptUini;  took  place  at  itnt  but  aft-er 

two  yeari  JncreiMW  of  ren^ion  a^t  iti.     The  eye  hecürue  blirni  mid  ViaiJ  Lo  b«  enucleÄted  U^caiise  of  ihe 

eimstant  pain.     The  figure  enbow^  the  !<ite  of  ihp  hqat  which  he.*^  altogetlier  iti  the  corneal  tus^iie.  but, 

neviTthclc««.  ia  covcrcnl  by  the  ljrabu,s  L.     Ho  is  the  upper  or  periplieral,  anrJ  //**»  the  lower  or  oentrali 

lip  of  tlie  woiiml.     T\\e  epithel  turn  of  the  limbu.H  uruws  o^er  beUh  hp;*  of  tlie  wound  down  into  th«  deeper 

part4  anti  hence  formn  a  hotlow  iiil>e  wIiond  lumen,  Jiowever»  in  rnjiny  plac«H  has  disappeared  owinjr  to 

the  free  «urfaoe^  twiti^  in  appoinitiou.     Since  the  epilh«tJal  tnbe  doc^  nut  extend  in  a  straiKbt  line  tu 

MtM  pa-i-Hagre  to  tlie  deeper  parts  tlie  t*ection  haj*  not  trövers-^ni  it  m  it«  wliole  length  but  show«  only  «ep- 

l#rate  portion!«  of  it.     Thui$  we  ^ee  the  epithelial  indippini^  on  the  («urfuce.  a^ain  in  the  middle  of  tho 

acar  a  portion  of  the  epiihchal  tul>e,  and  l»**tly  far  down  the  oijeninR  of  the  tube  into  the  anterior 

ehamber  at  the  awM  wht-re  Ehviceniet *»  metnbrane,  D,  was  cut  thrrjupli.     The  epitheltutn  wind»  over 

thi«  cut  edee  and  lines  the  po*terinr  B^iirfaoe  of  Descemet '«i  membrane  in  a  niiiKle  layer  of  cell>».     On  che 

olhnr  aide,  the  epithelium  line-*  the  »urface  of  the  irl?.  J.  forming  here  a  intratum  coa^i»tins  of  »evenJ 

■  layers.     The  liRht  spotn,  6,  in  th«  epitheliiim  are  produ^'ie'l  by  mucou.^  deneneralion  of  individual  cdi» 

I  (breaker  cellsU     Since  the  epithelium  lineH  tlie  anterior  and  posterior  wall»  of  the  anterior  chamber  it 

'  Iorin*i  an  antrrior-4'hambfr  ry»t  ( iViTiternteinerk 

The  upper  e<lge  of  the  cut  in  Deicenjef«  membrane  is  turnefl  somewhat  forward  and  h»  separated! 
by  scar  tissue  frorn  the  lower  e<l«e,  Thi.n  scar  tissue,  on  the  OT»e  hand,  jut-a  Mimewhat  into  the  wound 
canal  and,  on  the  other  hand,  it  attaclic«  the  iris  to  the  posterior  end  of  the  wound  canal.  In  tl» 
iri<  we  can  recognife  the  mur^cular  fibera  of  the  sphineter  piipilla"  (at  J),  and  behind  this  a  noiluhir 
Inflammatory  innltration,  K.  Between  the  latter  and  the  scar  tiÄsue  tie!«  an  i^ilet  of  epithelium  inelo^ 
in«  n  wmall  eavjty.  Tlii«  epithelium  i»  likewi^io  derived  fronn  the  epith«*lial  tube  which  iiAii  entered 
the  wtmnd  canal,  but  the  eonnectinR  part  between  the  latter  and  the  epithflia!  vesicle  htu^  not  been 
tniv^r^ie'l  by  the  «section  and  hence  thi*  vesit^le  app4>an4  here  like  an  inlet  of  ppitheliura.  The  hitter  con- 
st it  ute.t  the  lir^t  beginning  of  an  iiia  nfnt.  If  the  eye  had  not  bne^n  enucleate<i  the  eavity  of  the  vehicle 
wnuhl  prohahty  have  beeonif  progreKfively  larger,  so  that  the  ve»icl*'  would  have  penetrated  further 
an  1  further  itjto  the  tii«f»ue  of  the  irin.  The  iris  would  Ihu»  have  been  divide^J  into  an  ant^-nor  and  ft 
posterior  layer  of  tifitiue  which  would  have  formed  the  anterior  and  posterior  walls  of  the  ey«t.  In  time 
perbap«  the  epitlielinl  tube  lying  within  the  corneal  pcar  might  have  difap|;>eftre<l  by  a  procc«  of  atro- 
phy, no  that  th«  cyst  of  the  iris  would  liave  appeared  like  an  iuilepcndent  cpiihehal  atructure. 
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No(  to  be  ronfornidcHJ  ^nth  the  rysts  of  the  irii*  arc  the  ryMiccmui  vesicles ^  which 
bl  refy  mre  cmt^n  are  otwerve<i  in  the  anterior  etmmber.  They  eithcT  lie  free  in  the 
iattfr  or  are  attached  to  ihc  anterior  surface  of  the  irifl. 

TuhereuUms  of  the  iris  is  a  disease  that  is  well  understood,  as  it  can  be  produr^d 
€(jq:>eririien tally.  Cohnheitn  has  shown  that  tnb<Toulotis  iritis  can  be  set  up  by  the  intn>- 
«tuetion  uf  tuberculous  maases  into  the  anterior  oliaml^cr.  The  tutierculoua  massea 
(fragmenta  of  excised  tuberculous  lyniphatic  glands,  granulations  reniuved  from  tuber- 
culous }oini8  by  scraping,  etc.)  must  be  aseptic — i.  e.,  free  from  py*>genic  gernos^aa 
otberwiae^  u|x»n  ihejr  inix'ulation  into  tile  anterior  ehanitjcr,  violent  irido-eyclitia  or 
^ren  panophthalmitis  would  he  produced,  by  wliich  the  eye  would  l)e  destroyed.  It 
Im  safer,  therefore,  to  employ  puixj  cultures  of  tulierele  bacilli  for  the  inoculation.  The 
tniffatinis  of  tubereulous  tussue,  wlien  introduced  inio  the  anterior  chamber,  exciie 
ibBie  a  slight  irritation,  which,  afier  a  few  days,  disappears  again.  As  the  fragments  «f 
tiwiie  tiieniselves  are  ahw:»  rapidiy  al>sorbed,  the  eye  soon  appears  perfectly  nornml 
agiin,  «A  if  tlie  inoculation  luid  n.*mained  without  result.  But  in  twenty  or  thirty  days 
afl«rWftrd  tlte  eye  begins  to  become  red  once  more,  and  the  phenomena  of  iritis  make 
llieir  appearance;  at  the  same  time  small  gray  nodules  are  noticed  in  the  iris.  Tbeee 
ipeneaae  in  numt>er,  bm*ome  eonfluent^  afterwanl  till  tla*  anterior  cliamlxT,  and  Rnally 
break  their  way  tluH>ugh  lo  the  outside.  Generally  the  animal  experimented  on  tifter- 
ward  perishes  from  the  ilevelopment  of  general  tul.>erculosiM  due  to  infection  starting 
from  tlie  eye.  Tuberculous  iritis  is  employed  as  a  means  of  demonstrating  the  tuber- 
eulous  nature  of  excised  pieces  of  tissue,  for  wliich  purp<3äe  we  introduce  the  latter  into 
the  anterior  chamber  of  a  rabbit's  eye,  and  see  if  tuberculous  nodules  develop  after  the 
usual  period  in  the  iris. 

The  iuljerculosls  of  the  iris  expenmentally  introduced  in  animals  is  a  primary 
tuberculosis,  but  tutxjrcultjöis  t>f  the  iris  in  man  is  secondary— i.  e.,  lias  originated  from 
aother  tuberculous  focus  «fimewhere  in  tlie  Ixidy.  Ai  a  matter  of  fact,  in  most  ca*>e» 
'  lut>erculosis  of  the  iria,  Rignn  of  iiib^^rculous  disease  in  other  organs  (lunpp*,  lymphatic 
"glands,  bones,  etc.)  are  also  found.  In  many  Ciises,  to  be  sure,  tlie  patients  appear  to 
have  been  perfectly  heiUthy  up  to  the  time  of  their  eye  tnmbl*',  but  even  in  these  casc^ 
I  primary  tuberculous  focus  (e.  g.,  caseous  bronchial  glands),  altlioiigh  not  demonstrable 
linically,  must  bo  assmned  to  exist  — in  fact,  the  iris,  on  account  of  its  prtJtected  situa- 
Lin*  can  not  be  infected  by  lutxrcle  bacilli  from  without,  as,  for  example,  the  con- 
ctiva  can,  in  which  primary  tulx>rculosis  is  not  so  very  rare. 
IHMseminated  tubercuh^sia  of  the  iris  occurs  in  man  under  the  form  of  an  iritis,  which 
MÜitita  as  its  characteristic  feature  the  small,  gray,  transparent  nctdules  spoken  of. 
Tkm&t  keep  changing  slowly,  some  disapi>earing  while  otliers  art^  licing  newly  ftirmed. 
Ridcovpry  may  finally  t^ike  plac't*;  not  infrocpa-ntly,  however,  atrophy  of  the  eyeball 
occur»  in  conse*iUence  of  plastic  irido-cyclitis.  The  disease  often  develops  in  both  eyes. 
Harnovid  of  individual  nodules  through  excision  by  an  iridet-tomy  of  the  p<irlion  of  iris 
-ing  tiiem  is  generally  useless,  since  n<»w  ncMJules  form  afterward  in  other  parts  of 


The  mlHary  tubercle,  as  sr*  far  observed,  is  confined  to  one  eye.     It  either  develope 
[iultaneously  with  the  niiliary  nodule«,  or,  niort»  fr(*<|uently,  withoiit  thorn  and  with- 
s\*mptonis  of  iritis,  tut  tliat  it  resembles  a  neoplasm;    indeed,  it  was  at  first 
■ibed  as  such  by  Von  tiraefe,  under  the  name  of  tjrnnuttmta^  Ijecaust»  \'irchow,  who 
I  the  anatomical  examination  of  the  tumor,  desfrilxHl  it  as  granulation  tissue.     Its 
auhaeciuent  course  seems  at  first  to  coiitirm  tlie  diagnosis  of  a  noi»plasni,  since  the  tumor 
Pps  steadily  enlarging,  and  (Inally,  fx'rforating  tlie  cornea  near  its  margin,  pushes  out 
fonn  of  an  exiilierant  growth.    But   then,  instead  of  a  larger  tumor  develop- 
fro  m  this,  which  keeps  growing  on  indefinitely,  the  growth  breaks  down,  so  that 
timately  nothing  i»  left  of  the  eyeball  hut  an  atrophic  stump.     Haab  was  the  first  to 
proof  of  the  fact   titat  these  tumors,  formerly  designated  tis  granidomata,  are 
erck^.    As  far  as  treatment  is  concerned,  however,  this  mistake  in  diagnosis  would 
little  significance,  since  enucleation  is  indicated  alike  in  the  ease  of  a  neoplasm 
l^in  that  of  a  granuloma.    The  eye  which  liarlxjrs  a  granuloma  is,  in  fact,  lost  for 
t  of  vision,  and  may  become  the  si>uree  of  a  general  tuberculous  infection. 
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The  name  of  granuloma  of  the  iris  has  also  been  bestowed  upon  granulating  pro- 
lapses of  the  iris  when  they  develop  into  small,  mushroom-shaped  growths.  It  is  better 
not  to  use  this  designation;  it  gives  rise,  on  the  one  hand,  to  confusion  with  the  tuberdes 
called  granuloma,  and  on  the  other  haiid,  to  the  incorrect  assumption  that  the  growth 
in  question  is  a  neoplasm. 

Solitary  tuberculous  tumors  have  also  been  observed  in  the  ciliary  body. 

Besides  occurring  in  tuberculosis,  iritis  with  the  formation  of  nodules  also  occurs  in 
leuchsemia  and  pseudoleuchsemia.  Under  the  name  of  ophüialmia  nodosa  is  denoted  the 
affection  resembling  tuberculosis  produced  by  the  entry  of  caterpillar  hairs  into  the 
conjunctival  sac.  Some  weeks  or  months  later  nodules  develop  with  violent  inflamma- 
tory symptoms  in  the  iris  and  often  also  in  the  conjunctiva  and  cornea.  Examination 
of  the  excised  nodules  shows  that  they  contain  caterpillar  hairs  (Pagenstecher  and 
others). 

Benign  tumors,  called  melanonuitaf  occur  in  the  iris.  They  are  found  under  two 
different  forms :  The  first  consists  in  the  outgrowth  of  a  blackish  tumor  from  the  stroma 
of  the  iris  into  the  anterior  chamber.  Thb  kind  of  melanoma  arises  from  the  proliferation 
of  the  chromatophores  of  the  iris.  The  second  kind  of  melanoma  has  its  seat  at  the 
pupillary  margin  of  the  iris.  It  develops  from  the  cells  of  the  retinal  pigment  layer 
at  the  spot  where  it  is  reflected  upon  the  anterior  surface  of  the  iris  at  the  edge  of  the 
pupil.  Here  small  blackish-brown  nodules  develop  which  project  into  the  pupil.^* 
Sometimes,  in  consequence  of  the  alternating  movements  of  the  pupil,  they  become 
separated  from  the  pupillary  margin  and  then  lie  free  in  the  anterior  chamber.  A  feature 
common  to  both  kinds  of  melanoma  is  that  they  are  benign  tumors  which  reach  only  a 
certain  size.  Nevertheless,  cases  are  known  in  which  pigmented  sarconuita  have  after- 
ward developed  from  melanomata  of  the  first  kind. 

The  differential  diagnosis  of  tiunors  of  the  iris  sometimes  presents  difiiculties.  A 
non-pigmented  nodular  tumor  in  the  iris  may  be  a  syphilitic  growth  (papule  or  gumma), 
a  solitary  tubercle,  an  unpigmented  sarcoma,  or  a  granulation  tumor  which  had  formed 
about  a  foreign  body  imbedded  in  the  iris.  The  distinguishing  marks  are  as  follows: 
-  1.  The  granulation  tumors  contfdn  most  vessels  and  are  hence  usually  reddish. 
The  vascularity  of  the  sarcomata  varies,  but  is  often  also  quite  considerable;  the  syph- 
ilitic growths  have  fewer,  the  tuberculous  masses  scarcely  any  vessels  passing  through 
them.  In  the  case  of  the  tubercles,  small  gray  tuberciüous  nodules  of  characteristic 
appearance  are  sometimes  found  in  the  neighborhood  of  the  large  tumor. 

2.  Papules  of  the  iris  are  situated  only  at  its  pupillary  and  ciliary  mar^ns — ^never 
at  other  spots — while  other  tumors  may  take  their  origin  from  any  point  whatever  of 
the  surface  of  the  iris. 

3.  With  syphilitic  and  tuberculous  tumors,  iritis  appears  earlier  than  with  sar- 
comata. 

4.  Tubercle  is  found,  ajs  a  rule,  only  in  people  under  twenty,  while  both  the  other 
kinds  of  tumors  usually  occur  after  that  age. 

5.  Particular  importance  must  be  attached  to  the  general  examination  of  the 
patient,  with  the  purpose  of  determining  whether  there  is  any  evidence  pointing  to 
the  presence  of  a  foreign  body  in  the  iris,  or  symptoms  of  syphilis  or  tuberculosis  are 
found  in  other  organs,  and  for  this  purpose  the  diagnostic  injection  of  tuberculin  and 
the  deviation  of  the  complement  by  Wassermannes  test  may  be  employed  as  an  aid. 
In  doubtful  cases  it  is  justifiable  to  initiate  an  energetic  mercurial  treatment,  from  the 
result  of  which  a  conclusion  may  be  drawn  as  to  the  nature  of  the  tumor. 

Among  the  pigmented  tumors,  pigmented  sarcomata  and  melanomata  (of  the  first 
variety)  resemble  each  other  exceedingly.  They  can  be  distinguished  with  certainty 
only  by  determining,  from  the  previous  history  or  from  observation,  whether  a  process 
of  growth  is  going  on  or  not. 

As  tumors  of  very  rare  occurrence  may  be  mentioned :  Vascular  tumors  (Mooren, 


11  Such  pigmentary  outgrowths  occur  Dormally  and  greatly  developed  in  tbe  iria  of  the  horn, 
forming  the  so-called  gtape  kernels. 
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Scliirmcr);  myomiitA  (Liigrange),  myo-öarcomala  (De  Wecker  and  IwanofT,  Dresch- 
fdii«  Deutschmanti),  and  cruiotheliomala  (Franke,  Winterateiner)  springing  from  the 
driax>'  muacle;  epithelial  growths  rcsümbling  adenoma  and  carcinoma,  orginating  fram 
the  eylindneal  cells  of  the  pars  ciliaris  rctinie  (Badul,  Lagrange,  Lawford,  elcj;  meta»- 
Utic  carcinoma  (Uhthoff);  hypernephroma  (Ghana);  and,  lastly,  lepra  nodulen  (Bull 
Add  Hanaen). 


IV.  Disorders  of  Motility  of  the  Lais* 


^"        75.  Disorders  of  motility  of  the  iris  manifest  themselves  in  dimin- 
ished reaction  of  the  hitter,  but  chiefly  in  an  alteration  of  the  diameter 
of  the  pypiL     This  ahcration  is  particularly  striking  when  the  disease 
affects  but  one  eye,  so  that  a  difference  in  the  pupils  (amsocoria  ^^)  re- 
sults.    This  is  always  to  be  regarded  as  a  pathological  condition,  since 
KD  the  normal  slate  the  two  pupils  are  of  the  same  slice  under  all  cir- 
llimstances  [see,  however,  page  374].     The  pathological  alterations  of 
he  diameter  of  the  pupil  coniprise  dilatation  (niydriasi.s),  and  contraction 
triiosis)  of  the  pupiL     Either  of  these  conditions  may  l>e  brought  aliout 
^     oy  spasm  (active  or  spastic  processes)  or  by  paralysis  (passive  or  para- 
j     lytic  processes).     Spastic  mydriasis  is  produced  by  active  contraction 
of  the  dilatator;    paralytic  mydriasis,  on  the  contrary,  by  paralysis  of 
e  sphincter.     The  converse  is  true  of  miosis;    spastic  miosis  being 
fcrablo  to  contraction  of  the  sphincter,  and  paralytic  miosis  to  pa- 
ysis  of  the  dilatator. 

(a)  Mydriasis, 

iSpa^fir  mydriasis  accompanies  conditions  of  cerebral  irritation  of 
most  widely  differing  kinds  [and  irritation  of  the  cervical  sympathetic 
page  433).     It  is  produced  artificially  by  cocaine.     In  spastic  mydri- 
js  the  pupil  usually  still  reacts  (distinction  from  paralytic  mydriiisis). — D.] 
Paralytic,  mydriasis  is  far  more  frequent.     It   is  caused  by  paralysis 
of  the  fibers  of  the  oculo-motor  nerve,  whose  l>ranches  innervate  the  in- 
trinsic muscles  of  the   cye^i.  e.,  the  sphincter  pnpillie  and  the  ciliary 
muscle«     These  two  muscles  are   hence  generally  f^jmid  to  be  paralyzed 
«iiBultaneoysly    (ophthalmoplegia    interna    [or    interior]).      The    oculo- 
motor paralysis  may  be  a  diffused  one — i.  e.,  affect  several  or  all  of  the 
branches  of  the  nerve — or  it  may  be  confined  to  the  pupil  (either  alone 
or   in    conjunction    with    muscle    of    accommodation).      Such    isolated 
paralyses  occur — K   In  syphilis.      2,  In  discavses  of  the  central  nervous 
system,  and  most  frequently  in  tabes  and  progressive  paralysis,  which 
are  also  so  often  connected   with  syphilis.     3.  Through  the   action   of 
poisons.     Among  these  belong,  alwve  all,  the  alkaloids  known  as  my- 
~  riatics.     Paralysis  of  the  pupil  and  of  accommodation  also  occurs  in 
of  poisoning  by  the  toxic  principles  of  putrefaction  {rotten  meat, 
1,  sausages,  etcj.     4.  After  diphtheria  (cf.  §  151). 
Paralysis  of  the  pupil  and  of  accommodation,  occurring  after  con- 
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tusions  and  in  case  of  increased  tension,  are  accounted  for  by  an  en- 
tirely local  lesion  of  the  sphincter  and  the  muscle  of  accommodation. 
In  the  case  of  contusions,  besides  the  concussion,  small  lacerations  and 
extravasations  of  blood  into  the  muscles  are  also  met  with.  In  the  case 
of  increased  tension  the  paralysis  is  produced  by  the  pressure  upon  the 
nerves,  with  which  afterward  is  associated  an  actual  atrophy  of  the 
muscular  fibers. 

The  dilatation  of  the  pupil  in  complete  bUndness  (amaurosis)  is  not 
to  be  regarded  as  a  disorder  of  motility  of  the  iris,  but  simply  as  a  phys- 
iological cessation  of  the  pupillary  reflex  when  the  perception  of  light 
is  absent. 

(6)  Miosis, 

Spastic  miosis  is  observed  in  beginning  meningitis.  The  greatest 
degree  of  spastic  miosis  is  produced  by  the  alkaloids  which  contract 
the  pupil  (miotics);  other  poisons,  such  as  opium  and  morphine,  chloral, 
and  nicotine,  also  cause  contraction  of  the  pupil,  though  in  less  degree. 

Paralytic  miosis  is  one  of  the  most  important  symptoms  of  paralysis 
of  the  cervical  sympathetic.  Moreover,  it  very  frequently  accompanies 
spinal  lesions,  especially  tabes  dorsalis,  and  also  occurs  as  a  spinal  symp- 
tom in  progressive  paresis.  This  spinal  miosis  is  very  often  distinguished 
by  the  fact  that  the  pupil  has  ceased  to  react  to  light,  while  it  still 
contracts  synchronously  with  accommodation  and  convergence  (Argyll- 
Robertson's  symptom;  see  page  375).  [Spinal  miosis  may  be  spastic. 
Paralytic  is  distinguished  from  spastic  miosis  by  the  fact  that  in  the  former 
the  pupil  does  not  and  in  the  latter  it  usually  does  dilate  under  cocaine. — D.) 


Enlargement  and  diminution  of  the  pupil  in  themselves  cause  no 
considerable  interference  with  vision  if  they  are  not  combined  with 
paralysis  of  accommodation.  Hence  they  are  but  seldom,  in  them- 
selves, the  subject  of  treatment;  their  chief  significance  lies  in  their 
being  an  important  symptom  of  a  deeply  seated  and  widespread  dis- 
order. This  latter,  therefore,  as  a  rule,  is  alone  the  object  of  treatment. 
Paralytic  mydriasis  may  be  treated  symptomatically  by  miotics  and 
electricity. 

If  the  inequality  of  the  pupils  is  slight  and  neither  pupil  shows  any  great  variations 
from  the  average  pupillary  width  we  may  be  in  doubt  as  to  which  of  the  two  pupOs  is 
to  be  regarded  as  the  abnormal  one.  If  for  example  the  right  pupil  is  somewhat  larger 
than  the  left,  it  is  a  question  whether  a  mydriasis  of  the  right  eye  or  a  miosis  of  the  kft 
is  present.  The  distinction  is  to  be  made  by  carefully  testing  the  reaction  of  each  pupil, 
this  being  done  by  alternately  shading  and  illuminating  both  eyes  at  once.  The  pupil 
which  shows  the  less  marked  reaction  of  the  two  is  the  diseased  one. 

Paralysis  of  the  sympathetic  is  characterized  by  a  series  of  symptoms  which  Homer 
was  the  first  to  describe  fully.  The  pupil  is  contracted  through  paralysis  of  the  fibers 
which  dilate  it — a  fact  which  is  particularly  manifested  in  the  non-dilatation  of  the 
pupil  when  the  eye  is  shaded.  The  difference  between  the  diameter  of  the  pupil 
in  the   two    lyes   is  hence  much  more  striking  in  a  feeble  than  in  a  bright  1^^ 


DISEASES  OF  THE  IRLS  AND  CILIAl 


433 


{Til^*  197).  The  palpebral  fissure  iä  snisiller  in  consequence  of  droopmg  of  the  upper  Jid. 
Thi»  mcidenite  ptosis  is  caused  l»y  the  paralysiw  of  \he  4>mooth  muscular  titier»  tn  the 
upper  hd  described  by  Müller  (the  niUKculiis  larüalis  atiperkir),  winch  are  supplied  by 
the  *ymp«ithetic.  The  eyeball  it.self  often  Hcenis  to  have  sunk  back  into  the  orbit  and 
to  i*^  lews  ten^.  An  important  «jqnptoni  in  the  difference  in  tltie  fullni»ss  of  the  vessels 
on  the  two  »ides  of  t  he  face.  In  a  recent  paralysis  t  he  face  is  rt^dder  and  wanner  on  the 
pinlyied  «ide;  afterward,  the  opposite  k  the  caae,  the  paralyzed  side  Ixing  paler, 
ooolsr,  and  no  longer  swp4iting  (a  thing  easily  made  out  in  men  l»y  the  hat  Itning,  which 
li  stained  with  sweat  on  one  side  and  not  on  the  other),  1  lie  eauwe«  of  gjiii pathetic 
pMiUysb  arc  usually  the  coarser  lesions,  and  most  freLjueutly  pressure  on  the  nervne 
fron)  tumors  in  the  neck,  such  as  goiter 
or  enkriced  lympliatie  glands.  More 
ffmrdy  it  is  caused  by  traumatisms 
(ikn)ong  which  are  fractures  of  the 
dbivicle)  and  hy  oprTations,  e.  g.,  the 
•'xtirnntion  of  tuiuors  [and  symi*»- 
;  I  vl>  Furt  heruiore ,  l  ulie rculous 
_:  tv"*  of  the  a|>ex  of  a  lung,  lesions 

M  the  spinal  cord,  sue!»  as  taties,  a>Tin- 

IfDtnyelia,  or  injury  of  the  uppermost 

Ipftrt  t^  the  i-ervical  cord,  and  neurit  is  of 

libe  cervical  plexus,  have  been  ol»ser\'cd 
ti»  the  cause?  of  sympathetic  paralysis. 
In  many  «•jchch  it  is  impossible  to  find  a 
ust^,  'llie  imralysis,  in  addilion  in 
tAw  inronsideruhle  disfigun^menl  due  to 
the  shght  jitOMis,  causes  no  annoyance, 
and  not  infrequently  is  first  di.Hcovered 
accidentally  liy  the   physician.      It   Lh 

S«Qtitinonly  incurable- 
[ Irrilfttüin  of  ihr  crnneni  »lfm patbrHc 
characterijietl  by  pallor  of  tlje  face 
and  incretLse<i  secretion  of  sweat,  dila- 
tat  ton  of  tlie  pupil,  mo(.lenite  dilatation 
of  the  palpebral  fissure  (from  si)asm  «»f 
Ifoiter's  nui»cle),  and  very  »light  exoph- 
■■l^mus.  It  IS  prcKJm'ed  by  the  instil- 
BBlion  of  cocaine,  and  may  be»  caused 


^^Ä 


Lk^t-äideu  SyMPATjitTic  Pakalysib, 

«»ye« 

'  fc-f  I 


Flu.  197, 

A,  eyi»  wlicn  turiicti  tuwiird  the  ligiit,  B. 
when  turotid  am-ay  from  itii*  liifht.  In  both  ea-*"^  If 
pupil  Is  narrowor  »liiiii  rlie  nghl.  hut   i  re 

i^  mure  pronoun t"<vl  in  ttic  »ecuntl  ca*e  v.  14 

puptl  i^  widely  itüattni  Wrau:^  of  th«  iJn'  U« 

ujjprr  lid  on  ttie  left  wide  h&ngi*  f*ouicwhu,t  Juwer 
(pfo'*!-'*),  than  on  t\w  rijjhl  »ide,  and  mor«*oviir  the 
lower  lid  rise**  wjinewlinl  lutrh«  r,  m^  can  be  tnsde  nut 
from  the  fact  that  in  ' 
ilw»  t>f>rd«T  of  the  lid 
eornea  i*  smaUer.  Th' 
Mil  js  cau!««>(i  partly  by  Ui 
cnlu<4  toj-ü^aliA  infi»rioT,  part  J 
which,  however,  tn  thi»  OLst 
thaa  «  miUimeire. 


distance  h<?twe*n 

or   insnzin  of  the 

»f  i*in  of  i)xe  h>wer 

of    the   mtis- 

u>pht1ialmu«, 

'  c  to  no  tnor« 


by  irrilative  lesions  in  the  neck  and 
oervical  ec^rd  (tn  syringomyelia  ani.1  as 
m  pnKlr»>me  of  paralysis  of  the  sympathetic)-      (Wilbrand  and  SaengerJ — D.] 

Under  the  name  of  bijtfni^  is  dt^tgnated  a  patholoi^ical  ctmdition  which  consists 
in  a  constant  and  rapid  cfiange  in  tlje  diameter  of  the  pnpiL  Since  even  under  physio- 
ki0ciil  c«»nditions  the  pupil  ttever  remains  tjuite  at  rest ,  it  is  hard  to  draw  the  line  between 
physiologicid  and  patliotogical  inquietude  of  the  pupil,  and  many  believe  that  a  genuine 
hiDDUs  does  not  exist, 

rFor  disorders  of  motility  of  the  cQiary  body»  see  under  the  anomalies  of  aceomnKH 
>n  (1^  1511. 
76,  K  Membrana  Pupülaris  Ptrseverans  [persistent  pupillary  mem- 
brane]. — ^Thk  consists  of  a  gray  or  brown  tissue  which  lies  uptjn  the 
anterior  capsule  of  the  lens  in  the  region  of  the  pupil,  and  is  usually 
eonnected  with  the  iris  by  brown  filnments.  Very  freouently,  however, 
there  are  aimply  a  few  brown  dots  present  on  the  lens  capsule  or  only 
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one  or  two  filaments  that  run  from  one  portion  of  the  pupillary  margin 
to  the  opposite,  and  thus  bridge  over  the  pupil,  or  that  pass  from  the 
iris  to  the  capsule  of  the  lens.  They  bear  a  great  resemblance  to  the 
posterior  synechiae  remaining  after  iritis,  but  do  not,  Uke  the  latter, 
rise  from  the  pupillary  margin  itself,  but  outside  of  it,  from  the  circulus 
iridis  minor,  which  lies  on  the  anterior  surface  of  the  iris  (c,  Fig.  198), 
and  which,  as  embryology  shows,  gives  off  the  vessels  for  the  pupillary 
membrane. 

2.  Coloboma^^  Iridis. — Congenital  coloboma  of  the  iris  is  always 
situated  below.  The  pupil  is  continued  downward  to  the  margin  of  the 
cornea,  growing  narrower  all  the  time,  so  that  it  has  the  shape  of  a 
pear  with  its  small  end  at  the  lower  margin  of  the  cornea  (Fig.  199). 
The  sphincter  encompasses  the  pupil  and  the  coloboma,  too,  as  far  as 

Fig.  198.  Fio.  199. 


Flo.  198. — Rkm.^ins  of  the  Pupillary  Membrane.  TIub  riae«  under  the  form  of  a  small  fila- 
ment.  c,  from  the  circulus  iridis  minor,  and  runs  to  the  pupil,  in  the  center  of  which  it  becomes  attadied 
to  a  small,  round,  white  capsular  opacity.  In  spite  of  the  filament,  the  lower  half  of  the  iris  ha» 
retracted  widelv  under  atropine,  so  that  the  filament  is  greatly  elongated;  but  the  upper  part  of  the 
iris  is  prevented  by  two  posterior  synechiffi  (a  and  b)  from  submitting  readily  to  the  action  of  atropine. 
(See  explanation  to  Fig.  174.) 

Fio.  199. — Conoenital  Coloboma  op  the  Iris.  Enlarged  2^1.  The  pupil  as  a  whole  is  di». 
placed  downward,  so  that  its  upper  border  lies  approximately  behind  the  center  of  the  cornea.  It  i» 
continued  below  into  the  coloboma,  and  is  hence  pear-shaped.  The  circulus  minor  grows  more  and 
more  narrow  below,  so  that  at  the  lowest  part  of  the  coloboma  it  is  no  longer  visible;  on  the  other 
hand,  the  black  fringe  belonging  to  the  retinal  pigment  of  the  iris  is  here  proportionatdy  ImMuler.  The 
contraction  furrows  of  the  iris  are  present  only  in  its  upper  part. 

the  apex  of  the  latter.  Congenital  coloboma  is  thus  distinguished 
from  the  artificial  one  made  by  iridectomy.  In  the  latter  the  sphincter 
is  wanting  in  the  course  of  the  coloboma,  because  it  has  been  excised: 
,  it  is  seen  to  end  with  sharp  edges  at  the  dividing  line  between  pupil 
and  coloboma  (cf.  Fig.  408).  Coloboma  of  the  iris  is  very  frequently 
combined  with  coloboma  in  the  chorioid  and  in  the  ciliary  body  (see 
§  80),  and  sometimes  also  with  a  small  notching  of  the  edge  of  the 
lens  (coloboma  of  the  lens)  at  the  spot  corresponding  to  the  coloboma 
in  the  iris. 

3.  Irideremia  (Aniridia). — The  iris  may  be  wanting  either  alto- 
gether or  all  except  a  small  residual  portion.  This  defect  is  frequently 
complicated  with  congenital  opacities  in  the  cornea  or  in  the  lens. 

4.  Ectopia  Pupillct.^^ — Even  in  the  normal  eye  the  pupil  is  not  pre- 
cisely in  the  center,  but  is  usually  placed  a  little  below  and  to  the  inner 
side  of  it.     While  usually  this  can  be  noticed  only  upon  careful  exami- 

^■^Frovn  KoXoSotßa,  mutilation. 

"Alsc»  called  corectopia,  from  toprj,  pupil,  <«,  out  of,  and  t6it<k,  place. 
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lation,  there  are  cases  in  which  the  displacement  is  so  great  as  to  be 
ih^ious  at  once;  indeed,  the  pupil  may  be  situated  quite  eccentrically, 
Hhe  neighborhood  of  the  corneal  margin.  The  displacement  is  oftenest 
ifeeerved  to  occur  upward  and  outward,  and  is  frequently  complicated 
rijth  a  dislocation  of  the  lens  (ectopia  lentis — Fig.  200), 
■  The  congenital  anomalies  above  described  are  found,  for  the  moät 
wt,  in  both  eyes.  They  are  apt  to  be  inherited,  so  that  they  are  fre- 
[Uently  found  in  several  members  of  the  sanie  family;  they  are  often 
kteo  met   with  in  conjunction  with  other  congenital   anomalies.     For 

tB  latter  reason  the  disturbance  of  sight  is  often  much  more  consid- 
S^ble  than  would  be  expected  from  the  optical  conditions.     In  such 
_  es  there  frequently  exists  very  great  myopia,  hypermetropia»  or  astig- 
natism.  or  deficient  development  of  the  retina 
»r  even  of  the  entire  eye  the  latter  being  con- 
iderably  smaller  than  usual  (microphthalmus). 
Juch  eyes,  moreover,  are  more  subject  than  nor- 
nal  ones  to  disease — (e.  g.,  to  irido-chorioiditis, 
:Iaueoma,  and  cataract). 


tT  Lkntui.     ItiauT  Eye. 

The  pupil  1«  pretty  wide  (6 
mm.),  and  not  regulftrly  cir- 
cular, and  ia  dijiplaced  t«nipo- 
rally.  The  broader  nanal  port  uif} 
of  the  irif  ihnpltkya  lb**  ron- 
Iraclirm  furrown.  Th<«  Ir^ntt  ii 
f^hKlvtlv  cJotuly.  «nailer  than 
normrtl.  «tid  (hpplacH«d  in  a  di- 
rwiion  opp^isiti»  lo  that  of  the 
pupil,  that  lA,  naAulJy. 


Permäteni  pupUlary  membrane  is  of  compBratively 
tauent  occurrernie  in  nt^wt>om  infunl^,  but  afterwarti 
■BppearB,  exct^pt  in  the  few  vmcs  in  which  min^fitit«  of 
I  persist  duriri|§:  the  whtile  hfo.  The  brown  filanienfs 
(retching  from  the  pupil  to  the  captulp  of  the  h?ns  are 
ilood« vessels  whirli  have  l)e*jn  ohl iterated  and  enveloped 
Ek  pigment.  Where  they  are  attached  to  the  lens  cap^^iile, 
hm  lifctler  frequenlly  shows  a  punctate,  densely  white 
■Mity  (Fig.  19S,  c).  These  brown  fihirnents  do  not  bin- 
5r  the  free  movement  of  the  pupil.  Moreover,  under  atropine  the  pupil  dilates  ad 
mximum  without  suffering  any  change  in  its  roundness,  because  the  tilanienls  arc  ao 
ly  extensible.  This  is  another  iiiark  diatinguishing  them  from  the  ai^quired 
r  duo  to  inflauunation* 
t_r>tigenita!  colohfrnm  of  the  iris  occurs  umier  different  forms*  Besides  the  jsear- 
^kcd  eololKJOiata  above  dese rilled  there  are  occasionuily  observed  some  in  which  the 
Bn  has  the  sliape  of  a  keyhole,  a-s  in  artificial  rolobnnia.  A  special  variety  ia  the  bridge 
Biboina.  In  this  the  pupil  is  B(*p{irated  from  the  cololx>nm  by  a  narrow  tliread  of  iris 
Eue,  which  stretches  like  a  bridge  from  one  pÜhir  of  the  colohoma  to  the  other.  Incom- 
bte  cololximata  are  of  eomparati vdy  friniucnt  occurrenee;  there  is  then  «imply  a 
Imliow  notching  of  the  jmpillary  margin,  or  the  portion  of  the  iris  rtirre^pofiding  to  the 
i^obonm  is  diatingtiiühed  by  a  difTerent  color,  this  being  generally  due  to  the  absence 
vd  anterior  layers  of  the  iris  at  this  point. 
J  With  coloboma  of  the  iris  is  often  aaBoeiated  a  pear-shaped  appearance  of  the  eomea, 
J, to  narrowing  of  the  latter  Iwiow. 

For  the  way  in  which  a  coloboma  develops  see  page  4ÖI;  and  with  regard  to  the 
at  oongcnital  anomalies  in  the  coloration  of  the  iris,  see  page  353  et  seq. 


CHAPTER  VI. 
DISEASES  OF  THE  CHORIOID 

1.  Inflammation  op  the  Chorioid. 

77.  Inflammation  of  the  chorioid  (chorioiditis),  if  it  remains  con- 
fined to  this  membrane,  produces  neither  external  evidences  of  inflam- 
mation nor  pain.  The  eye  looks  normal  externally,  and  the  disease 
manifests  itself  to  the  patient  only  through  the  disturbance  in  sight- 
to  the  physician,  only  through  ophthalmoscopic  examination.  But  if 
the  disease  passes  over  the  anterior  portion  of  the  uvea  it  becomes  recog- 
nizable exteriorly  through  the  symptoms  of  cyclitis  and  iritis  {irido- 
chorioiditis) . 

Chorioiditis  is  distinguished  as  non-suppurative  or  as  suppurative, 
according  as  the  exudates  disappear  again  by  resorption  or  lead  to  the 
formation  of  pus.  The  ordinary  variety  of  chorioiditis  is  the  non-sup- 
purative form,  which  is  known  as  chorioiditis  exudativa.  Non-sup- 
purative irido-chorioiditis  generally  runs  a  chronic  course,  being  known 
as  irido-chorioiditis  chronica  (see  page  410).  In  suppurative  chorioi- 
ditis it  is  only  in  rare  cases  that  the  inflammation  remains  confined  to 
the  posterior  division  of  the  eye.  As  a  rule,  the  condition  present  is 
a  suppurative  inflammation  of  all  the  membranes  lining  the  interior 
of  the  eye — an  inflammation,  therefore,  which  in  severe  cases,  rightly 
bears  the  name  of  panophthalmitis. 

A.  Chorioiditis  Exudativa  (Non-Suppurativa). 

Symptoms. — Exudative  chorioiditis  appears  for  the  most  part  un- 
der the  form  of  isolated  foci  of  inflammation  scattered  over  the  cho- 
rioid (Figs.  201  and  202).  While  still  recent  they  appear,  when  seen  with 
the  ophthalmoscope,  as  yellowish,  indistinctly  outlined  spots  which  lie 
beneath  the  retinal  vessels  upon  the  red  fundus  oculi.  The  spots  are 
produced  by  an  infiltration  of  the  chorioid  with  exudate  which  hides 
the  red  of  the  chorioidal  vessels;  furthermore,  the  overlying  retina  is 
clouded  and  gray,  and  covers  the  subjacent  chorioidal  mass  as  with  a 
faint  veil  (Fig.  201).  In  proportion  as  the  exudate  disappears  by  re- 
sorption the  chorioid  again  comes  into  view,  but  in  an  altered  state; 
it  is  atrophic,  deprived  of  its  pigment,  and  in  part  converted  into  cica- 
tricial connective  tissue.  Hence,  after  the  disappearance  of  t^e  exudate, 
the  diseased  spot  is  seen  to  grow  lighter  in  color.  Where  the  chorioid 
has  become  altogether  atrophic,  a  white  spot  is  formed,  because  the 
white  sclera  then  shows  through;  in  other  cases  remains  of  the  vessels 
and  of  the  pigment  are  recognized  in  the  white  cicatrix.  Afterward  the 
pigment  often  proliferates,  so  that  the  chorioiditic  spots  appear  lined 
436 
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with  black  pigment  or  eovert^d  with  black  spot«  (Fig.  202),  The  decolor- 
Uc*fl  or  pigmented  spots  remaining  after  rhoriniditis  may  properly  be 
chitrarterized  as  cicatrices  of  the  chorioid. 

It  18  evident  that  the  retina,  since  it  directly  ailjoins  the  chorioid, 
must  lie  s>7npathetically  affected  in  those  spots  where  the  choriuid  is 
diseased.  If  the  iraphcation  of  the  retina  is  partienlarly  prominent,  we 
iL^qpeak  uf  retino-ehorioiditis.  Moreover,  the  exudates  from  the  chorioid 
BipuäS  not  only  into  the  superiniposed  retina,  but  alsti  through  the  latter 
I  into  the  \itreous.  Opacities  of  the  vitreous  thus  produced  are  hence  an 
f     almost  constant  accontpanirnent  of  cliuriuiditis. 


Flo.  201. — Rscsirr  CBOsiaujJTiB.  (After  Odler.) 


I  t««!Dty-aix  yvATP  of  Age  otti«nn«e  perfectly  healthy  had  noticed  for  one  or  tw 
tf  flmrk  blue  tpoU  beftyre  th«  eye.     Along  the  larg*-  reiitiftl  ve«aelM  st&rtinK  tr 
rsfniiliAhcedeinjiiotJti  cloud ine»»  of  the  retina.    Th««  rhoniHiJitic  upot»  tir«*  arrr^i 
tcula  lutea-    The  tmwt  reeent  xptttm  are  the  oni*«  tliat  are  imwt  r*  i 
with  hiijsv  outhne«^  muI  wjihout  dwtinct  triArkings.     They  i< 

Rceftlecl. 


ill» 

arly 

' iwy  Are 
mm«  lory 
retina  uver  thr  ch«friuiditic  fueiiH  which  i.*  h^nc«  conceAlecl.  ;  >,  im  the 

eoritriir\  Asimcrh  urp  nio.«**  luimcrmi^  m  fh**  mitpr  lower  (lua^Jrantf  itie»«  fot"!  •-(•mh  iiii,rini^ii  rhe  cloudy 
retiiui  und(>r  the  fitrm  of  inorr  i^ltAryly  outltiipd  ili.fk^  of  alvout  one-fourth  the  sin»  uf  (he  papilla  mnn 
of  *  ffrmy  color  with  a  htchter  ciniier. 


^en 


It  is  the  implication  of  the  retina  and  vitreous  which  causes  du- 
batices  of  t*  is  ion  t»f  various  kinds,  and  thus  directs  Ihe  patient's  at- 
tention to  the  eye.  The  vision  is  diminished  fus  a  whole  on  account  of 
the  cloudiness  of  the  vitreous  and  the  hypersemia  of  the  retina.  But 
in  those  spots  in  which  inflammatory  foci  exist,  sight  may  be  entirely 
Ushed*  so  that  insuhir  defects  fscotomata)  are  pre*sent  in  the  field  of 
on  {see  page  112),  Owinj;  to  the  fact  that  thp  retina  over  the  focus 
of  iiiflamnvation  is  pushed  forward  antl  its  elements  are  di.splaced  from 
leir  normal  situation  (Fig.  2tJ7  B),  ohjf»cts  wtK»se  images  fail  on  the  retina 
y  appear  distorted  (nictaniorphopsia) ;  straip:ht  lines,  for  instance,  appear 
t  in  various  «lirections.    Frec|uently  also  objects  appear  smaller  than 
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they  are  (micropsia)  [or  in  the  atrophic  stage  look  larger  than  they 
(retinal  macropj^ia).  Ser  page  114. — D.]  As  long  as  the  mflammation 
is  recent,  symptoms  of  irritation  of  the  retina  mamfe^t  themselvesjl 
subjective  sensations  of  light  (photopsije)  exist,  such  as  spots  beforel 
the  eyes,  sparks  and  balls  of  fire,  etc»  These  phenomena  cause  the  patieati 
annoyance  and  anxiety,  sometimes  to  an  extreme  degree.  When,  after j 
the  subsidence  of  the  inflammation,  atrophy  of  the  chorioid  and  of  the! 
superimposed  layei's  of  the  retina  has  taken  place,  signs  of  absence  of^ 
function — i.  e.,  gaps  in  the  field  of  vision — take  tlie  place  of  the  signs  of 
irritation.     The  influence  that  the  scotomata  exert  upon  the  sight  to 


Fia-  202.— CHomoiDiTiB  DrssEMi.vATA.     (Aft«r  De  Wecker.) 

That  the  chorioiditiH  ha>«  nttaeked  a  myopic  eye  can  h<?  Teconui^cfJ  from  the  »trophie  (_ 

which  incjagefl  ihe  papilta  upon  the  teinporm  »ide.     The  rreflc*nt  is  ^^hat^K'  desfixied  by  ibe  i 

rin«  on  the  aide  npxt  to  the  papilla,  and  by  the  piirmtjut  rini?  €)n  its  temporal  aide,  aod  shows  everywh« 
renmifiH  of  the  chorioidiil  ve«.sel:^  and  alfio  of  pigment.     Thü  chorioiditic  fcwl  occupy  chiefly  th«»  equj 
toria]  piu-tB  of  the  fimdiL**,     Thpy  utq  white*,  ivith  »  linioR  of  pijfment  of  greatcir  or  les«  Widlh:  oiaoj 
■lao  have  «fiot»  of  pigment  in  their  interior.     The  retinal  vex^l»  are  perfectly  distinct  A*  th«y  j 
aomaa  the  spots  ana  tTiuir  pii^ment — j.  ©.,  they  lie  in  front  of  the  latter. 


general  depends  primarily  upon  the  place  they  occupy  in  the  fundusJ 
Peripherally  situated  seotomata  cause  but  little  disturbance  of  \^3iüQj 
even  when  they  are  pretty  numerous;  and  if  they  occur  only  in  one  o« 
two  places  they  usually  escape  the, patient's  notice  altogether.  On  tha 
other  hand,  when  a  scotoma  occupies  the  site  of  the  yellow  spot  tha 
disturbance  of  vision  is  as  great  as  in  the  preceding  case  it  is  tri  vial  j^ 
direct  vision  is  then  destroyed,  and  the  eye  becomes  unserviceable  for 
fine  work.  The  first  case  would  be  met  with  in  the  chorioiditis  repre-j 
sented  in  Figs,  201  and  202,  the  second  in  Figs,  204  and  206. 

The  course  of  chorioiditis  is  chronic,  it  taking  many  weeks  for 
foci  of  exudation  to  be  converted  into  atrophic  spots.     The  opagitiea] 
of  the  vitreous  last  even  longer — often,  in  fact»  pennanently.     But  el 
rioiditis  is  chiefly  dangerous  because  of  its  tendency  to  recur,  in  consequeiirel 
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of  which  new  foci  of  iiirtammation  are  con.stantly  devfloping  in  the  cho- 
rioi<i,  so  that  the  latter  is  finally  eovered  all  nver  with  okl  ami  rerent  spots. 
With  this  is  ultimately  a^isoeiated  atro|ihy  nf  the  retina  and  optic  nerve, 
so  that  obstinate  cases  of  chorioiditis  terminate  in  partial  or  total  blindness. 
When  the  affection  of  the  chorioid  is  well  advanced,  clouding  of  the  lens 
(Cataracta  complicata)  1^  ahnost  always  associated  with  it. 

Etiolag>^. — Exudative  chorioiditis  is  a  frequent  di Flense,  which  is  ob- 
served at  all  ages.  Among  its  mosL  ordinary  c;ins<s  i^  ^^vniiilis,  l>oth 
luirod  and  hereditMrv.  As  äA;<*sult  of  thr  ^'^tl*'^^  ca^<'s  ia.lsr>  of  con-^ 
„.tutal  cTOrioiilitis  liuvo  been  observed.  ('horioiiFtis  may  alist*  he  caused 
by  general  di.^oniers  ot  nutriiion  of  various  sorta,  such  as  anapmia,  chlo- 
rosis, tiilierculosis,  scrofula,  et<\  It  is  supposed  that  in  such  cases  the 
condition  is  one  of  henipi  disseminated  tuberculnsi^;  of  the  chorioid.  In 
many  eases  of  rhorioiditis  the  cluisc  remnin^K  obscure.    //        -        ■      *** 

My  op"  als  olteil  cüinplicated  with  changes  in  the  chorioid,  it  being  a 

Ifcre  exception  to  find  the  latter  normal  in  high  myopia  (Fips,  204atkr206). 

The  changes  in  the  cliorioid  in  this  case  arc,  to  be  sure,  less  tliose'ot  ä 

ehorioiditis  proper  than  of  a  primary  atrophy  caused  by  the  stretching 

which  the  cht»riotd  necessarily  undergoes,  when  the  entire  posterior  seg- 

rnt  of  the  sclera  bulg€*s  liackward,  as  is  the  case  in  extreme  myopia. 
Treatment.- -The  treatment  of  chorioiditis  must  regard  nfainly  the 
i*tioloj^ical  factor.  When^  a^s  in  syphilis,  this  is  readily  amenal»le  to  ther* 
apy»  favorable  results  are  promptly  attained — in  fact,  syphilitic  chori- 
oiditis offers  the  best  prognosis,  as  by  energetic  antisyphilitic  treatment 
!fpee<ly  improvement  in  most  cases,  and  oftcm-rren -an  entire  cure,  can  l>e 
obtained.  If  there  is  a  suspicion  that  the  nature  of  the  chorioiditis  is  tuber- 
culous, tuberculin  injections  (see  paj^e  67)  with  invigorating  general  treat- 
ment are  advisalile.  Tu  be  sure,  we  are  not  always  able  to  prevent  the 
frequent  recurrences  which  may  still  lead  ultimately  to  destruction  of  sight. 
The  treatment  of  the  local  changes  should  aim  to  produce  rapid 
resorption  of  the  exudate  in  the  chorioid  and  the  retina  and  also  in  the 
JWtreous.  Suitable  remedies  for  this  purpose  are  the  iodide  of  potas- 
Wum  or,  w^hen  necessary,  a  treatment  by  inunction,  which,  even  in 
non-syphilitic  cases^  can  do  good  service  through  its  absorptive  action; 
furthermore,  diaphoresis  and  subconjunctival  injections  of  salt  solution. 
In  marked  hypertemia  of  the  fundus,  bloodletting  may  be  performed 
by  the  application  of  six  to  ten  leeches  behind  the  mastoid  process» 
Besides  these  measures  we  must  enforce  what  may  be  called  the  hygiene 
of  the  eyes — that  is,  the  avoidance  of  any  straining  of  the  eyes,  and  the 
protection  of  them  from  light  by  dark  glasses  or,  when  necessary,  by 
rest  in  a  darkened  room. 

The  distinction  between  recent  exudates  and  old  atrophic  spot«  in  the  cbonoid  is 
based  upon  the  following  signs:  Exu dates  nrp  nf  aj\^r41<iw  or  VPÜaw^fih-'^^'*"  rnllir  ^^^ 
not  have  it  foliar  n  ouUinr,  and  presc  i\T  I  <  lajjülvv  tu*  <  ■ }  j  rn- 1  n  j  t  in  I  v  essf^Ls ;  n*lmiilve>sels, 
which^j^^TWrffirTCver  them,  show  !)y  t}]f'ir  11<-rMliM^  \hi%\  a  projcrhon  oi  \\y\  j^ftj^a 
63dgfai^^rcWWfr^!y  pfnminpnce  kirmed  W  thp  oNUiliUf-'.  I  ln^  ajmphif  siHtta  are 
pure  wmte,  and  hav?^ff7Wgular  buu^liarpoutiino,  ü^^^^uor^led  bv  apigiiiented  hand. 
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vesHpIs  tri  tlie  spots  where  this  pigment  lie^  are  covered  by  it,  whereas 
pigment  (hat  is  situated  in  the  ehorioid  and  are  fieriee  not  bidden  l>y  it. 

rtiere  are  c^^i^es  iri  wj^i^^l^  \,|»^  jj^|tniJ^v  ,-ilTec'ts  onhr  tli<^  niypient  ei>i 
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present 
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casea^oL-^ÜJ^"^  'no-ejpjrioiditis  the_mgmeiit  often  niigrnU^  from  thp  nJinrioid 
hat  tlie  pignient  ib  in  the  n^t  ina  is  ohvioiiu  from  t  be  fact  that  the  retinal 

hey  pass  over 


hich 


i  hen  (he  stromauf  t  he  rliwioid.  with  its  vt-ssels  :iridj'it;Tin>i>ted 
c^xpWd  tn  vievv,  and  there  is  devj>li>nef|  t  luv-ff'in'irrr'  nr  ;i  u>^>^J- 
n?sembHng  that  observed  a.s  a  physiologieal  eonditjcm  htittiiiieh  clearer 


grad \ till y  dis^ippeara. 

inte rvii^i ni i a r  sjkk  es ,  is  exp^Wd  tn 

!at<!d  linidTTs 

cut  IfTM^^fW.    I'his  occurs  botb  in  dtseases  of  the  chorioid  and  aLso  in  diseases  of  the 

outer  layers  of   the  retina,  to  which  tlie  pigment  epithelium  belongs.     liesidesberng 

found  in  certain  form;^  i>f  eliorioidil  is,  this  change  i.s  also  f<jund  in  glaucoma,  oTnTyopifl 

(Tf^J^^^Q^I*g^^,^ . '  1  r^ffTOT^^rgTffeüTos a ,  reTini^s~^^yp^nlin^h    ef(i.     IfrMd'lM?5|Mc.  nhdr-_ 

smal  1.  vi'lli>ui-it|    yvliitcrsiu^l'.^    Iftfff^ft rro u n ded~l j y  a  <  1: i r k  1  r in gx- 
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jKi.    They  corre.spond  tc 

^^^^^  over  wisich  t}ie 

^^"^Bforioiilitis  uceurnng  m  mdaUd  foci  of  inflummatwn  is  diötinguishe<l,  according 
to  the  location  of  the  latter,  into  difTert*nt  forms: 

1 .  ChfiriffiiiH  j^<  riLt^^rj^Ii.-i  is  eharacterized  by  changes  occurriog  directly  in  the  regioa  h 
of  the  macula  lutea.     Ittlms  causes  a  central  scotoma.    The  tuoBt  frequent  cause  of  it  ■ 
IS  probablyn^iJiiii^\vhi(  li,  if  of  high  degree,  leads  hite  in  life,  almost  without  exception, 
to  changes  in  the  yellow  apol ,  which  are  mainly  of  an  atrophic  nature  (Figg.  2(M  and  206 J. 
Inflammatory  changt^  at  this  »imjI  are  often  found  in  syphilbs,  in  which  the  region  of  tbe 
macula  is  sonictinics  oecui^ieti  by  a  large  exudate »  iraSfornied  later  into  a  bluish^gray 
mass  of  eonnecüve  t.i.ssue.     Circutnscribed  <lirs<  ;tsc  uf  ti^i'  nüj^nlar  region  may  also  dts  h 
velop  as  a  n^uh  of  injurit^  afFeeting  tlie  wiiole  {  veJi^iii,  >uth  jis  contusions,  the  entry  of  H 
fori'ign  bodies  inlT^tl'^fTfflfffl^f  e.,  so  t  hat  t  he  nuicula  must  be  regard<*tl  as  a  partieu- 
larly  vulneraJjle  spot  in  tlie  background  of  the  eye.     Finally,  there  is  observed  in  old 
people _a  di Hca.se  yf  tltc  ntacuLi  which  ixsuallv^affects  both  ey^^t  ^^^'*'V  yp'^'dlv-  and  tä  h 
~  ""~  (»r  bii^^^lit,  esjM-cially  for  ■ 


rcferatil|rjy  stnilc*  rniintyc?^.      I'l  hj>!  cjin^es  m!irl:t^l   mioairmcnt 

near  wortt^  even  wKerT  nut  little  change  is  discoverable  by  the  ophthalmosco|>e-— D.) 

2,  Chvri/)üiiti^  (lü,HnnintUa  i«  charaeterized  by  nutnerous  round  or  irregidar  ^pots 
which  are  scattertnl  over  the  finidus  (Figs.  201,  202).  This  is  an  eminently  chronic 
variety»  in  wdiich,  in  the  counw  of  time,  new  s]>ots  are  being  constantly  formed.  Often 
this  takes  plaice  discontinuously;  i.  e.,  after  a  long  interval  suddenly  a  number  of  new 


foci  develop»  as  if  the  morbific  agent  had  brnm  eariiinl  by  the  blood-current  to  difTercofr: 
parts  of  the  chorioid  at  the  same  time. 

In  old  CÄScs,  the  chorioid  is  studded  all  over  with  gpot«,  which  in  many  places 
become  eonffnent,  so  that  for  a  large  part  of  its  extent  the  fundus  lot^ks  spotted. 
The  sight  may,  nevertlieh\sH,  still  Ixi  pretty  gtxKl,  if  only  the  region  of  the  irxaeula  lutea 
remaiTia  intact.  In  I  he  Ijeginning  of  the  disease  hyperienna  of  the  retina  anil  optic 
nerve  is  present,  but  later  Iwth  l^ecome  atrophjc.  The  papilla  takas  on  a  dirty  grayish- 
red  color  and  loses  itxS  sharp  outline  (chorioidiiic  atrophy),  the  retinal  vessels  are  fewer 
and  are  greatly  contracted. 

A  special  form  of  chorioiditis  disseminata  is  the  chirmylU u_ nreoh rix ,  first  described 
by  Förster.  In  thLS  the  first  foci  devch.n  in  tht-  vu-mUvr^t  the  vetlowi^pot  while  the 
sul>3equent  ont>8  make  their  appeanince  at  a  constantly  increasing  dist-ance  fnim  the 
latter.  The  most  recent,  foci,  therefore,  arc  always  thase  situated  at  the  periphery. 
The  Iwhavior  of  the  individual  spKit^  is  directly  the  reverse  of  the  ordinary  course  pur- 
sued by  chorioidilic  patches;  the  most  recent  s|x>ts  are  eniirelv  black,  and  afterwuni 
dlowly  enlarge,  and  at  the  same  time  iieeome  «iecoWissedWromTne  centei"  toward  the 
edge.  They  look  then  like  black  rings  inclosing  a  white  center^  and  at  last  they  get  to 
be  almost  entirely  white.  >    '* 
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Fia.  2Ö3, — Oftic-kerve  Ent»a»ck  in  Mttopia. 

OnrrffALMOscopic  Iuage  or  the  Papilla, — Thp  papitiA,  6-c,  i«  of  ih«  *h»pe  of  an  cltipM?  with 

^  mxi»  vertica).     In  M«  outer  half  it  ^hnw»  ihp  large  phyHotoffical  exea%*ain>h,  up<m  wlui»e  lit>or 

ble  the  KTttj  NtipptitiK-4  of  the  Inriunn  rribrosa,  while  rho  centrHl  vof»-*»^!«  aweml  on  th*-  inner  wall 

of  ihe  escavatiuQ.     Adjuinint  the  outer  border  of  the  pupilht  ami  ma  .^htirply  .-^vpfirrvt*'-!  irmm  it  i*  the 

bfnjtht  ereMOent.  a-b  idi.-»!  fact  ion  rr*>scptil).     Thi«  i*  of  a  white  coltjr,  whjle  the  pupilta  i^*vli  i>*  r^ldish. 

The  cre»cwit  i«  cjoyered  iMth  brownish,  elonitatml  (ita{rlciinii;?<,  r^r**!»entiiig  rt'maiiiy  *if  the  stroma  pig- 

mmnt  of  llie  chorioid.     The  tcnipctral  birfler  tjf  the  ert-^^cM'nt  ir*  sharply  dehti«^!,  »ml  the  churioid  adjoin» 

t  it  i»  «Kimrwhat  more  pijnnr^nlcd  than  usual.     On  the  other  hand,  thi-  rhonoid  in  the  viciriity  tjf  the 

,<.,r  ..f  H.»  r.....,|i,.  ^i.fHvr^  a  wriinewhat  lighter  coloration  iti  the  ^pace  betwwn  c  and  d,  wt  lliat  n 

<i'  «<ure,  ift  not  ttiucli  more  than  a  «ujsKeMtioQ  of  one»  it»  formed  uq  the  naaal 

crcneentK 

..i  .  .-^.      i  .  ..ov  THRouc.H  THK  Hi;*n  or  TitK  OiTir  Nkkv^;.    Moirnllied  H  •   1. — Tli« 

inicuii.  wherever  they  consij^t  of  meduUated  filier«,  are  etjluretl  hlaik  by  WeiKert'5  h»'ma- 

ii,   between  them  can   \^  !»een  the  septiin*  which  rtmain   unMained,  and    the  ItdiKiiuthnal 

.    ihA  central  artery  and  central  vein»     The  hiack  tttitititn«  ceaM*ft  abruptly  at  the  lainiaa 

lu  front  of  the  lamina  cribrt»*»  the  head  of  the  opiie  ner\^e  present«  the  physioloicical  exra- 

TWm  is  a  deprej^<>ion  who»e  fioor  at  its  deepest  part  i*  forme«!  by  the  btnma  cnbriü'a.     The 

«.  .iH  ..f  tK.,  tvi^Mvatiftn  sloiws^  down  quite  irrailnally  from  the  retmn.     The  na.*«l  uall  dedinefi 

»  crt»w  i^eetion  of  the  ec-nfral  vew^ell^.     The  tnink  of  the  optic  nerve  it^  inj-erled 

ill  anti  ttl?*o  pa*v.*e-H  obh^uely  throuRh  the  coats  of  the  eye:  it  looks^  aj»  if  these 

I'  (o  the  temporal  s-ule.  and  the  opiic  ner^e  to  the  na«al  side,  <*o  that  there  haa 

i.x  '  rnent  of  thei*e  two  sttructnri'ji  with  reference  ten  each  other — a  di»«plaoement  which 

I'  ■  ere  the  optic  nerve  pa.^t*«4  throuerh  the  i^cler»  ajul  chorioid — i.  e,^  m  the  *clerotico- 

ri  <  Vm^»p«quei«tly.   the  temporal  wall   of    the   latter  iw  lumetl  uomewhat  forwanf,  and 

!»■  verl>inK  retina  i«  tranftparent,  eome»  into  view  when  looked  at  from  1«  front  (with 

li  jM').  fornuns  a  bright  crescent  extentlinR  from  h  to  the  pomt  a,  where  the  pigment 

rj  u...-       Tlte  "jtroraa  pigment  of  the  rhorioid  e>£tends  somewhat  farther  inward  thiMi  do*» 

|i  epithelium,  and  i*  con-^^juentlv  (»een  under  the  form  of  brown  ipot»  uptm  the  light-col- 

fi  T      Ttie  na»al  wall  of  t!ir  scleral  canal  i*  lurnctl  partly  backward,  m  that  it  haa  to  pa»  in 

fr  '■  "^t  nasally  i*itTjatfd  pf^rtion  of  the  optic  ner\'e^  f-^t.     Xf*  the  displacement  afTect*  not 

CK  in   the'  sclera   tint    a1*o  the  chorioid.    the  latter  is  also  drawn   up  over  the  naMl 

b-  .   ner\'p  as  fnr  a«  Tlic  («rtnt,  e,     8ince  now  this  nasal  prjrtion  of  the  papilla,  beinjE  cav- 

er*-, ...»  -■  ..,,,*  and  chorioid,  is*  not  di'^tinctly  vi.-«ible  with  the  ophthalmoi«cop«,  the  pap il hi  appear« 
eomracle<ii  m  itü  horixontal  iliiimeter.  Nevertheless,  the  portion  of  the  optic  nerve  thut  \*  thun  eon- 
«Baled  lelimm^r«  throuifh  tt^*  roverinir.  so  as  to  be  di.ttiuKuixhable  under  the  form  of  an  ilUlefincfl  yellow- 
ish ^^.^^.,..t  ,.♦  tL,,  nasal  border  »d  thr-  ^1-11-  -fi  m  FtR.  A  ).  Tlie  di.-placement  of  the  optic  nerve  with 
n  '  l^rn  t?<  shareH  in  (  '1*  of  the  nerve.     The  dural  nheatli,  <iu,  ami  the  adjoin- 

ir  ith.   ar,   are  »ep  .  ,    tlw  ntfrs*»,   ei^pecially   at    it*  temporal   «ide,   and   the 

Uii.  ,  ,..,,.,...,  ^»..4w,  e.  n,  h  oon!ie«4ut^iii.i>  ^.naitnL  On  the  other  hand,  the  piuJ  ibeath,  p^  Uca  in  close 
«ppcmiiioii  to  tik<i  nen^e. 
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3.  Chorioiditis  anterior  deposits  its  foci  of  exudation  at  the  periphery  of  the  chorioid. 
These  foci  are  therefore  readily  overlooked  if  we  neglect  to  examine  the  most  anterior 
portions  of  the  fundus  with  the  ophthalmoscope.  Chorioiditis  anterior  occurs  most 
frequently  in  eyes  affected  with  excessive  myopia.  In  vonnpr  pftranim^  yl|yrioid|fig 
anterior  often  occur^  ii|  cQi)pflqiiftnr'ft  nf  hftraditAry  «yphiliw ;  usuallv  the  peripberY  of 
/  the  fundus  is  studded  with  roundishi  in1c-hlfli*k  spots  (see  page  280).  In  old  people, 
•if-  simple  pigmentary  cnangcs  are  frequently  founci  in  the  anterior  portions  of  the  chorioid. 
'^J  The  variety  of  chorioiditis  which  is  spread  diffusely  over  the  whole  chorioid  is  always 
'f^Ticombined  with  a  coincident  affection  of  the  retina,  and  is  therefore  ordinarily  known 
as  retino-chorioiditis  or  choric-retinitis.  In  the  typical  fashion  in  which  it  was  first 
described  by  Förster  this  occurs  in  syphilis  [E^  fig.  256  C].  In  recent  cases  the  retina 
appears  clouded,  and,  furthermore,  the  entire  fundus  is  veiled  by  a  fine  punctate  hazi- 
ness of  the  vitreous;  moreover,  circumscribed  exudates  may  also  be  present  in  tlie 
chorioid  and  the  retina.  These  occupy  mainly  the  region  of  the  macula,  and  usually 
appear  under  the  guiso  of  large  or  small  irregular  patches,  which  are  of  a  gray  or  dirty 
yellow  color  and  are  ill  defined,  so  that  they  are  discovered  only  upon  careful  examina- 
tion with  the  erect  image  and  with  the  pupil  dilated.  In  the  later  stages  the  cloudiness 
of  the  retina  disappears,  to  be  replaced  by  atrophy;  at  the  same  time  a  migration  of 
pigment  under  the  form  of  numerous  black  spot«  takes  place  into  the  retina,  especially 
at  its  periphery,  so  that  there  is  produced  a  picture  very  similar  to  that  of  retinitis 
pigmrntrm  (nfTt^  07>  ^T^Runilar  finding  is  sometimes  had  in  cases  of  rhmmy  digpiiws 
j^etthsrTnHammations  or  new  growths)  of  the  live^a85oc!Stftfl  With  jaundice.  ^^Fliere 
then  ensues  in  conjunction  with  the  symptoms  oi  nemeraiopia  a  chrome  mUammation 
of  the  chorioid  and  retina  w^ith  pigmentation  of  the  latter  (ovhthalmia  hevaticd). 

The  changes  in  the  chorioid  in  myopia  consist  in  an  atrophy  of  the  chorioid  close 
by  the  papilla  and  in  foci  of  disease  at  other  spots  of  the  chorioid,  particularly  in  the 
region  of  the  macula  lutea. 

(a)  ^♦niP^jyiff[  *^"  ^>^^^rioici  at  the  border  of  the  opt'*;'  di^^  ÜM^i"^  ^t  the  temporal 
side  of  tlie  latter  in  the  form  ot  a  narrow  iight-colorea  crescent  (distractton  crescent, 
called  coftlkljV  JAger.  Fig.  203  A,  ah).  This  is  accounted  for  by  Stilling  as  being  due 
to  the  displacement  of  the  optic  nerve-head  toward  the  temporal  side.  As  such  crescents 
often  occur  in  emmetropic  eyes,  their  mode  of  development  has  already  been  considered 
on  page  90.  In  near-sighted  eyes  the  displacement  of  the  optic  nerve  occurs  much 
more  regularly  and  to  a  much  greater  extent.  As  the  wall  of  the  sclerotico-chorioidal 
canal  is  pulled  away  from  the  optic  nerve  on  the  temporal  side,  the  sclera  and  chorioid 
are  pulled  up  over  the  nerve  to  a  like  degree  on  the  nasal  side  (Fig.  203,  cd).  At  the 
nasal  side  the  optic  nerve  shows  through  the  sclera  and  chorioid,  and  hence  with  the 
ophthalmoscope  we  see  along  the  nasal  border  of  the  papilla  a  somewhat  hazy  yellowish 
crescent  (supertraction  crescent — Weiss).  With  the  displacement  of  the  waUs  of  the 
orifice  for  the  optic  nerve  there  is  afterward  associated  atrophy  of  the  adjacent  chorioid, 
wliich  now  allows  the  sclera  to  show  white  through  it.  In  this  way  the  white  surface 
on  the  temporal  side  of  the  optic  nerve  grows  constantly  in  circumference  and  then 
extends  along  the  upper  and  lower  borders  of  the  nerve  to  the  nasal  side  of  the  latter, 
until  finally  the  papilbi  is  surrounded  on  all  sides  by  a  white  zone  (circumpapillary 
atrophy;  also  called  annular  staphyloma — Fig.  204) .  The  name  staphyloma  is  properly 
applied  to  a  bulging  of  the  sclera,  but  is  also  applied  to  the  atrophy  of  the  chorioid 
which  is  the  result  of  the  bulging.  The  circumpapillary  atrophy  is  generally  broadest  on 
the  outer  side,  where  it  started.  In  the  atrophic  area  the  fundus  is  either  a  pure  white,  if 
the  chorioid  there  lias  completely  disappeared  and  the  sclera  comes  into  view;  or  remains 
of  chorioidal  tissue,  such  as  vessels  and  pigment,  are  still  present  in  it  in  varying  amount. 

The  l>eginner  in  ophthalmoscopy  regularly  falls  into  the  mistake  of  regarding  the 
atrophic  zone  that  surrounds  the  papilla  as  comprised  in  the  latter,  and  of  considering 
the  entire  disk-shaped,  white  surface  as  a  specially  large  papilla.  The  boundary  between 
papilla  and  circumpapillary  atrophy,  in  fact,  is  not  well  defined,  the  papilla  being  dis- 
tinguished from  the  atrophic  area  mainly  by  its  red  color.  Indeed,  the  papiUa  often 
appears  so  red  by  contrast  with  the  white  surface  surrounding  it,  that  one  might  rogard 
it  as  hypenemic.  • 
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n  the  atrophic  areas  are  larpje  the  [>apitla  diwpluy^  an  elliptical  shape,  the  short 
I  the  ellipse  coinciding  with  the  greatest  diaineler  of  the  atrophic  zone.  When, 
ore,  I  he  lüttcT  in  broHcle«t  c.mtwarti,  a«  i»  coinmcinly  the  ca,se,  the  papilla  fonns  an 
It  ellipse  (Fig.  2ü4),  This  change  of  öhape  niiü^t  in  part  Iw  rt^f erred  to  the  fact 
be  papilla,  being  pushed  toward  one  side  in  eoniwxiuence  of  the  bulging  of  the 
,  18  8€!en  in  perspective  foreshortening.  But  it  is  also  due  in  part  to  the  fact  that 
bra  and  chorioid,  which  on  the  outer  Bide  have  moved  away  from  the  border  of 
kpiUa,  have  been  drawn  up  over  the  Iwrder  of  the  latter  on  \x»  inner  side  (super- 
)n  crescent). 

lie  retinal  vcsficls  that  emerge  from  the  papilla  are  thin  and  are  marked  by  their 
bt  couiye — looking  a«  if  they  had  been  put  on  the  ätretcti. 


It-rro 


Flo,  204. — FuNPiT»  IN  Myopia  of  Hioh  Deoref.     (In  part  after  De  Weckw.) 

IP  ohlnne-^n'iil  and  him  u  plo>i'>lrjg;iciil  excavatian  to  tlie  otit^iide  uf  flw  point  of  eo^ 

'       '  '        It  ia  surrounded  t>v  ulruphir  rhoriuid,  tin?  ytapliylomn  pcwHJCunK     Tliiü 

-ide,  flkod  eonalert«  there  of  i  wi>  *iivl^iol1•*;   the  uuter.  more  pigmpnt«d  one, 

i,esas  the  remains  of  thi'i  chorioidiil  veJ'*^«llA,     On  the  njLi^fU  aid«,  the  «tÄphy- 

a  rim  of  piMmrnt,  and  »w  of  irretculiLr  contour.      In  one  of  the  outlying 

{»fiend  d  piMtt prior  cihary  artery  which  enters  tlie  ehorioid  fmrn  the  wJera.     The  ret*t  of 

I  l««in«!natei.l  in  »urh  a  way  that  the  va«4ci;ilur  network  of  tKe  chorioid  i^  elearly  reeognixed« 

f  the  maetjla  hitea  i«  occupieil  tjy  eViorioitliti«  «hanj^MH  eouKiHtine  parüy  in  an  overgrowth 

nt  (the  jimall  black  Kpeek»),  partly  tu  atrophy  (the  white  pd&tche»). 

pmetimes  two  or  even  three  eon tru^ ting  zones  are  present  in  the  clrcumpapillary 
ly  which  differ  from  each  other  in  their  pigrnenlnt  jon,  and  often  also  lie  at  dilTerent 

and  which  bear  witness  to  tin*  fact  that  the  di-velopment  and  enlargement  of  the 
floma  have  taken  place  at  different  period>i  (Fig.  204)*     By  proUferation  of  the 

it,  browTi  or  even  black  crescentjs  are  fonned. 

it»  line  separating  the  atrophk^  7.one  fn.>ni  thu  heallhy  chorioid  ia  often  sharply 

[^  espectaUy  d  ic»rinerJ  t^y  ä  pigim*ntetl  margin^  In  other  vtihes  a  sharp  Ixirder  litie 
put,  a  circuTnstaiK'e  w]ii<  h  indiiules  t hat  the  staphyluiiia  in  in  procen?^  of  gr<^v!li. 
t  an  advani'i^  in  1  [>r  niyot>iU  is  t>>  ln^  aoorL handed. 


le  size  of  tlie  atrophic  area  i.^,  lifoadly  äj^eaking,  in  direct  proportion  to  the  degree 
Dpia,  hut  variations  fr^m  tliiü  rule  verj--  often  exist  in  the  individual  cases — e.  g., 
myopia  without  atroj>hy  i»f  the  chorioid,  and  vice  versa.  Not  infrrcint^nlly  also 
crescent H  and  even  annular  white*  i;oneB  are  found  jn  enunetropie  ai^d^^ven  in 
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Wbat^  ophlhälnioBcopk'ülly  speaking,  we  call  a  stjiphyloma^i.  c,  the  wbite  rinj 
tlmt  surrounds  the  puptilii— k  indeed  caused  by  the  pnitruuiijii  of  the  sclera,  but  is  Dot 
qui(^  coincidt^nt  with  the  latter,  bf  ing,  in  fiict ,  less  extünaive.    In  many  case«  of  extrem 
myopia^  however,  it  is  abo  possible  to  reeogiiize  with  the  ophtha  I  mo»  cope  the  limits  ( 
the  actual  staphyUmm  in  fhe  srkra  under  the  form  of  a  broad,  dark,  curved  line,  whiclil 
visually  njtm  in  the  red  fundus  along  the  inner  wide  of  the  white  etaphylonui  and  conccn^l 
trie  with  the  latter.    In  well-marked  t  itses  we  can  see  fron»  the  parallactic  displaceraent|j 
or  from  tlie  bending  of  the  retitud  vessels  as  they  pa.ss  over  the  dark  curved  line,  that  th 
latter  corn  sponds  to  a  sudden  change  of  level  in  the  fundus  (staphylonia  verumlt 
[The  line  in  this  case  is  sometimes  called  Weiss '»  hne, —  D.]     ayTlj     CMlf\|       v^UlU 


Naml 


Ten\}xrral 


Fig,  205. — Inferior  Crescent.     Erect  Image. 

Th«  bright  tlisk  which  at  first  ftlanw  mi^ht  he  taken  for  an  piilan^pil  papilln  ecmpiPt«  of  two  dt\ 
fdon.'i.     Thi*  upper,  Viliich  in  «isirkpr  and  uf  reildif^h  hun  is  the  pApilla  procwr,  whirh  has  Ihe-  form  of  i 
irreipilar  ovaL      its  iH>pt*r  bonier  i?»  seniinrciilar,  its  Iqwer  (iJxni>^t  rrrtinnenr,   whili^  it*  two  eD 
♦omewlmt  p»jin{e<l,     Tlie  orifice  of  exit  of  the  vtv>*el(4  lie*  closer  lo  tln&  lower  bonier  of  the  ovnl. 
vew*etsi  oi*  ttiey  i^merge  «rp  at  finit  all  direetcd  dowinward,     Heiicip  thoM«  tlvat  are  poin|£  to  »up 
wpfKjr  tmlf  of  the  retina  littve  to  make  a  Hhiirp  WikI  in  onler  to  take  the  proper  directiou.     Thi»»  IB 
nrraiigeriient  of  the  vessels  rni  the  papilla  W^  a  inprulipir  appearance  ilitferinK  from  the  nortmr 
Wwer  divLMion  »if  the  liftlii-ctilored  areji  is  fornu-cl  \\y  the  er&Hcetit,  which  i*  «-epariHe*!  hy  a  «till  I, 
rim  from  the  low^er  border  of  the  papilla.     The  ere^eent  ic  unusually  |ar|B:e  in  ihi^  vvme,  and,  in  i 
di>«titictioii  to  the  retidith  papilln.  !.>*  partly  gray,  partly  white.     It  \s  Iriied  l>y  a  tlelicate  rim  of  p\ 
and  a  small  pMLt«h  of  pigment  aWi  l\e»  close  to  its  temporal  border^     The  fundus  «how»  the  pi| 
tattun  of  a  tesaellatcd  Dacksrouiid. 


White  crescettfK  are  also  observi^d  at  \h^  [iiufr  Kr.^fl^r  r.f  thn  papilla  (Fig. 
Thesf*  rpspnijulp,  in  th^ir  ?innearance  the  acniiired  m'sci^rHs  due  to  nivooia.  but  have  \ 
altogether  differr*nt  gitmiricauco.  ^Hit*v  anj  rnTiLR>nh:d  an<l  are  agsociated  frequentJ 
with  a^stigmatism  and  ahnost  alvvay»  with  incoiiijtlJ^ffu-uity  of  vision  [which »  howeve 
in  many  cases  can  be  rained  nearly  or  quit«  to  the  nurmid  by  proper  Kla-^es.^D.) 

With  the  c'ircumpapiliary  atrophy  of  the  myopic  eye  should  not  be  confounde 
cüfiea  of  atrophy  of  thc^  ehoriotd  about  the  papilla  from  other  causes»  Under  this  latt4i 
heaul  belonp;  atrnphy  after  chorioiditia,  and  a\m  the  atrophy  in  cases  of  glaucoma,  111 
80-ealled  halo  glawcomatosu». 

{b)  The  chanijcK  of  the  ehorioid  in  the  region  of  tht^  mtieida  hjk<i  make  their  appea 
anoe  when  the  myopia  has  reached  a  high  degree.    Both  light-color<Hl . 


ipots  ore  found  (Fik.  2ßVK  and  nai  infrequontly  alf5o  whito  branched  lines.    The  spola 

p-adually  «^nlÄr^e,  and  fiüaÜy  coalesce  to  form  pretty  lar|?e  atrophic  patehes,  which 

nay  even  ultimately  beeonie  unite<i  with  the  staphyloma  Hurroundmg  the  papilla.     In 

luch  cases  of  extreme  myopia,  airnoftt  the  entire  |xmterir»r  ürction  of  the  interior  of  the 

■ye  is  conv^erted  into  a  great  white  pafeh.     Mort^ver,  hrintorrhagcs  i^rriir  in  mvopic 

;yes,  and  tbatj  too,  preferably  atjbe  sitf  of  the  yellow,  snotT   AdoiJut^  tt^otüfü  niii'.  Cl^  ^|^  ^ 

iltWatJQiiToun^m  mv<iuir'  evrs  "ronsists  in   t he  lorTTtut ion  riKht   iri^the  inae^^lü.  oj  a  m 

soal-btack,  roxunl  spot  whuh  (LLTmhiaTlv  gruw.s  to  uln ÜIT The  .sue  of  the  Du^tilla  [Vin,  200) .     fSfL^ ft( 

[d  the  piubfH*f|Ufmt  röurseof  (his  nmfiition  the  renter  of  the  «pot  grows  continually  "" 

ighter.     It  iä  the  change*!  in  tlie  macula  lutea  that,  b(^ides  detachment  of  the  retime 

present  the  g^reatest  dimger  fur  the 

extremely  myopic  eye.    Th(\v  do  not, 

ike  detachment,  threaten  the  eye  with 

'omtilete  blindness,  but  they  render  it 

cÄble  for  any  stitV  of  line  work. 

,  they  are  much  more  fref^uent 
ihao  detachment  of  the  retina»  inaa- 
m^irh  as  only  a  few  of  the  exc(«sively 
rnyupic  attjiin  any  considerable  Jige 
Aithout  being  afifectetl  witli  these 
chuDgee* 


r^. 


Ft«.  20Ö.— Thic  Cextäal  Black  Swjt  in  Mtqpia. 
Riitht  eye.  ervcl  jnittjei», 

Fouiioen  d^yn  prvxntiunly  n  hliick  spirit  IjjmJ  appekred 


birtore  iht«  oyp  whu  h  luuii 
of  tbc  boijk  '- 
by  a  «*JD**of  ttt 
bit  en  I  here  is 
portions  iif  wliAt  li 


ß.  Chorimdiih  and  ljid(H:hori'(n- 

dilis  Suppurativa ^  Parioph- 
ft  thabmtis. 

78»  The  feature  whirh  the 
dis**ases  above  iiametl  Imve  in 
common  is  the  purulent  exutlation 
into  the  vitreous.  This  is  tlie 
analogue  of  the  accumulation  of 
pus  in  the  anterior  chain IhTp  hut 
writh  the  different*  that  a  hypo- 
pyon can  disappear  without  en- 
tailing any  lasting  injury,  while 
■suppuration  in  the  vitreous  leads  f'^^i^r  i^^^L, 
to  permanent  ainl  serious  chanij-es  f^^'"  '^"^  bdow   li*.  »w 

■  '^  The  eycftround.  hvinn  bin 

ana    generally,   m   fact,    to   the 

destruction    of   the   eye*       Like 

hypopyon  the  pus  in  the  vitre<:m8 

is  thrown  out  by  the  inenibranes 

that  line  the  cavity,  i,  e.,  by  the  ciliary  body  and  retina,  while  the  chorioid 

is  only  secondarily   implicated   in    the   inflanimation.     Hence    the  term 

suppurative    chorioiditis,   which    is    commonly    employed,    is    not    quite 

suitable  (see  page  403). 

According  to  the  extent  and  the  degree  of  inflammation  we  dis- 
tin^ish  the  following  morbid  pictures. 

L  Suppuratire  Chorioiditis. — We  call  by^  this  name  those  cases  in 
which  the  inflammation  remains  confined  to  the  posterior  mt»mbranes 
of  the  eye,  i.  e.,  the  retina  anil  chorioid.  Since  tht^sc  membranes  contain 
sensory  nerves,  even  a  purulent  intiammation  of  them  runs  its  course 


'  r^ilbi  iR  mirroiitiHeff 

!*iti.'  «f  I  he  mnciila 
.  J.  ;>pil  the  iiiarfriniit 
IX  uiid  the  ccntiir  a  dark 
i  i»  enrompanftcd  by  iiii 
>\ii  til  whirh,  tit  rht'  r.ufrr 

one  to  recQ^aite  the  rhun  islal  \v.-m1-.  iKim-ii  iho 
piipllln  and  mneuU  luten  nad  out  («-yyod  the  Urier 
tht«  tnKrneniAtiuD  of  the  eye^roiind  i«  invindurly 
muctilnte.  t'p  «nd  out  from  the  mncuk  liea  a  |[roup«>f 
»trophic  while  «pots,  reprcucnting  the  r««utb«  til 
«tretchioK  of  the  ohonoid. 
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without  pain  and  without  external  evidences  of  inflammatory  reaction. 
Hence  exteriorly  the  eye  appears  normal,  and  we  simply  see  deep  in 
behind  the  lens  the  yellow  exudate  in  the  vitreous — abscess  of  the  vUre- 
ous  (Figs.  183  and  184).  Later  on,  this  is  transformed  into  a  membrane, 
by  the  shrinking  of  which  the  retina  is  detached  and  the  eyeball  becomes 
softer  (atrophy  of  the  eyebau).  From  the  start  the  sight  is, very  much 
reduced  by  the  exudation  in  the  vitreous,  and  later  is  as  a  rule  absolutely 
annihilated.  It  is  only  in  exceptional  cases  that  a  portion  of  the  retjna 
remains  attached,  and  that  a  residue  of  sight  is  preserved. 

The  cases  of  simple  suppurative  chorioiditis  which  run  their 
course  without  producing  an  external  inflammation  are  rare.  Generally 
the  inflammation  also  soon  attacks  the  anterior  portions  of  the  uvea, 
that  is,  the  ciliary  body  and  iris.    We  then  get — 

2.  Suppurative  Irido^horioiditis, — Not  only  may  this  develop 
from  an  inflammation  traveling  from  behind  forward,  but,  per  contra, 
an  irido-cyclitis  may  pass  backward  so  that  a  suppuration  in  the  vitre- 
ous is  associated  with  it.  The  clinical  picture  of  irido-chorioiditis  sup- 
purativa is  that  of  a  severe  irido-cyclitis  with  coincident  accumulation 
of  purulent  exudate  in  the  vitreous.  This  exudate,  it  is  true,  can  not  be 
recognized  in  this  case  with  the  same  certainty  as  in  simple  suppurative 
chorioiditis,  because  exudation  into  the  anterior  chamber  (a  turbidity 
in  the  aqueous,  a  hypopyon,  a  pupillary  membrane)  often  interferes 
with  a  view  into  the  deeper  parts.  And  yet  it  is  in  these  cases,  which 
externally  look  like  a  violent  suppurative  irido-cyclitis,  that  it  is  partic- 
ularly important  to  determine  whether  the  purulent  inflammation  is 
present  in  the  posterior  segment  of  the  eye  also,  because  upon  this  point 
depend  both  prognosis  and  treatment.  Indeed,  in  case  of  suppuration 
of  the  vitreous  the  eye  is  lost,  and  if  we  are  dealing  with  traumatic  cases, 
enucleation  is  indicated.  In  cases  in  which  the  exudate  in  the  vitreous 
can  not  be  seen  directly,  the  diagnosis  must  be  based  on  a  test  of  the 
light  perception  (see  §  156).  If  this  is  nearly  or  quite  abolished,  it  is  a 
proof  that  the  retina  is  no  longer  functioning,  which  may  be  taken  as 
evidence  that  there  is  a  purulent  inflammation  of  the  latter. 

The  outcome  of  purulent  irido-chorioiditis  may  be  a  gradual  shrivel- 
ing of  the  eye,  just  as  in  simple  suppurative  chorioiditis.  In  the  severest 
cases,  on  the  other  hand,  the  pus  accumulated  in  the  eye  breaks  through 
to  the  outside,  and  these  cases  are  denoted  as — 

3.  Panophthalmitis. — The  oedema  of  the  lid  increases  so  much  that 
the  physician  can  scarcely  separate  the  lids.  The  appearance  of  the 
eyeball  varies.  If  the  suppuration  originates  in  changes  in  the  anterior 
division  of  the  eyeball — e.  g.,  from  corneal  ulcers,  or  from  injuries — the 
symptoms  of  these  conditions  appear  in  the  foreground,  while  those 
cases,  in  which  the  inflammation  has  taken  its  origin  in  the  deeper  parts, 
show  the  picture,  portrayed  above,  of  a  yellow  exudate  behind  the  lens. 
In  any  case,  whatever  the  appearance  of  the  eye,  there  is  present  as  one 
of  the  chief  symptoms  of  panophthalmitis  marked  protrusion  of  the  eye- 
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31  (exophthalmus)  with  Hbolitiun  of  movenißiiL    The  pain  ran  scarcely 

borne,  and  not  infrequently  annoying  phoiopi^ije  also  are  present. 

ere  is  fever,  and  vomiting  frequently  occurs^  especially  at  the  be- 

^nning  of  the  disease.     Themse  synqjtoms  keep  on  uotil  the  purulent 

exudate  in  the  interior  of  the  eye  makes  an  exit  for  itself  by  breaking 

through  the  sclera.     Perforation  takes  place  in  the  anterior  division  of 

^^ie  sclera.     The  conjunctiva  is  seen  to  bulge  forward  at  some  spot, 

^Bowing  the  yellowish,  discolored  sclera  through  it,  until  finally  sclera 

Tind  conjunctiva  are  perforated  and  the  purulent  contents  of  the  eye- 

]1   are  slowly  extruded.     After  jierf  oration   has   occurred   I  lie  pains 

Hn  eease,  and  the  eye  Ijecomes  softer  and  ultimately  shrinks  up  to  a 

dl  stump  (phthisis  bulbi).    It  takes  at  lea^^t  six  to  eight  weeks  for  this 

lult  to  l>e  attained  and  for  the  eye  to  become  perfectly  free  from 

in. 

Panophthalmitis,  therefore,  is  a  purulent  irido-chorioiditis  which 
on  to  the  formation  of  an  abscess,  and  is  characterized  by  the  de- 
ipment  of  two  additional  sympt<^ms— protrasion  of  the  eyeball  and 
rulent  perforation  of  the  envelopes  of  the  eye.  The  [irotrusion  is  due 
the  extension  of  the  inflammation  to  tlie  tissues  behind  the  eye  and 
>ve  all  to  Tenon's  capsule;  and  just  as  the  lids  and  conjunctiva  are 
lematous,  so  also  there  develops  a  marked  inflammatory  a-dema 
ehind  the  eye  and  in  consequence  of  this  a  protrusion  of  the  balL 
Etiology. — The  three  categories  of  purulent  inflammation  of  the 
interior  of  the  eye  are  essentially  the  same  process  and  differ  simply  in 
j^Ktent  (in  one  instance  being  confined  to  the  pasterior  division  of  the 
^Bie,  in  the  other  aflfecting  the  whole  interior  of  the  ball)  or  else  differ 
mB  the  intensity  of  the  inflammation  (ternnnation  in  one  case  being 
ijg  gradual  shriveling»  in  the  other  in  suppuration).  Hence  the  three 
^■tegories  are  in  no  way  sharply  differentiated  from  one  another,  and 
^Bere  are  transition  forms  t>etween  them, 

jH     So,  too»  the  etiology  of  all  three  is  .Jike.     It  is  always  a  case  of  an 
Mmeetion  of  the  interior  of  the  eye  by  pyogenic  germs.     The  infection 

ty  originate  from  the  outside  or  have  its  source  in  the  body  itself. 
Infection  from  the  outside  (eciogenous  infedion)  occurs — 
(a)  Most  frequently  from  jienetrating  injuries  of  all  kinds.     In  this 
egory  belong  unsuccessful  operations. 
(b)   From  the  passage  of  suppuration  from  without  inward,  in  the 
e  of  perforating  ulcers  of  the  cornea,  and  from  prolapses  of  the  iris 
that  are  covered  with  pus. 

IL  (c)  As  a  process  starting  from  a  cicatrix  of  the  cornea  with  [or  even 
khout]  incarceration  of  the  iris,  wdien  the  cicatrix  is  thinned.  Under 
p  head  belong  the  incarcerations  of  the  periphery  of  the  iris»  that 
it  infrequently  remain  after  cataract  operations.  Infection  takes 
Bee  in  these  cases  from  the  germs  penetrating  through  the  thin 
catrix  into  the  tissue  of  the  incarcerated  iris,  and  then  traveling  in 
the  latter  backward  into  the  eye.     The  starting  point  for  the  infection 
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of  the  old  cicatrix  may  be  afforded  by  inconsiderable  lesions  of  the  epi- 
thelium covering  the  cicatrix,  or  by  sudden  stretching  or  bursting  open 
of  the  latter.     [See  also  page  299.] 

Infection  by  carriers  of  infection,  which  arise  from  the  organism 
itself  {endogenous  infection)  ^  takes  place — 

L  Through  embolism,  septic  substances  from  a  focus  of  suppuration 
getting  into  the  circulation  and  becoming  arrested  in  the  vessels  of  the 
chorioid.  In  this  way  metastatic  ophthalmia  develops.  This  is  one  of 
the  symptoms  of  pyaemia,  and  most  frequently  of  that  form  which  makes 
its  appearance  in  the  puerperal  period  as  puerperal  fever.  Moreover,  we 
often  find  metastatic  purulent  chorioiditis  in  meningitis,  and  particularly 
in  cerebrospinal  meningitis.  These  cases  are  observed  chiefly  in  children, 
and  are  distinguished  by  their  comparatively  mild  course,  so  that  in  rare 
instances  actually  some  small  degree  of  sight  is  still  retained. 

2.  By  transfer  of  inflammation  from  behind  forward  in  phlegmons 
in  the  orbit  and  in  thrombo-phlebitis  of  the  orbital  veins. 

3.  Suppurative  chorioiditis  is  often  observed  in  meningitis,  and 
particularly  in  cerebrospinal  meningitis.  These  cases  are  observed 
chiefly  in  children,  and  are  distinguished  by  their  comparatively  mild 
course,  so  that  in  rare  instances  actually  some  small  degree  of  sight 
is  still  retained.  The  chorioiditis  in  meningitis  is  generally  of  metas- 
tatic origin,  but  may  also  be  induced  by  direct  transmission  of  inflam- 
mation from  the  meninges  to  the  eyeball  along  the  sheaths  of  the 
optic  nerve. 

Treatment  can  not  save  the  sight  in  suppurative  chorioiditis.  In 
cases  in  which  the  inflammation  is  not  too  violent,  we  confine  ourselves 
to  alleviating  the  pain  by  means  of  moist  warm  compresses  and  narcotics, 
until  the  shriveling  eyeball  becomes  gradually  destitute  of  sensation. 
If  the  pain  is  very  severe,  it  is  better  to  relieve  the  patient  of  a  long  and 
painful  malad}»^  by  early  enucleation,  especially  when  the  disease  threat- 
ens to  go  on  to  panophthalmitis.  Enucleation  is  unconditionally  in- 
dicated in  all  traumatic  cases,  since  then  it  is  a  question  not  simply  of 
cutting  short  the  disease,  but  of  preventing  sympathetic  ophthalmia. 
When  there  is  a  fully  developed  panophthalmitis,  enucleation  is  not 
without  risk  (on  account  of  the  danger  of  a  succeeding  suppurative 
meningitis).  We  do  better  therefore,  if  we  content  ourselves  with  open- 
ing the  eye  in  its  anterior  portion  either  by  abscising  the  cornea  or  by 
making  a  free  incision  in  the  sclera.  In  this  way  the  eyeball,  which  is 
tightly  distended  by  the  exudation,  is  freed  from  tension,  the  discharge 
of  the  suppurating  contents  of  the  eye  is  accelerated,  and  thus  the  pain 
and  the  progress  of  the  disease  are  cut  short.  When  the  eye  at  last 
becomes  shrunken  it  usually  remains  quiescent,  and  also  admits  of  an 
artificial  eye  being  worn  over  it.  Should,  however,  secondary  inflam- 
matory phenomena  set  in,  as  they  may  exceptionally  do,  in  the  shrunken 
eve,  its  enucleation  is  indicated. 
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MttaMaiir  fiphihalmin  wcura  Ixitli  as  a  unilatenil  and  a  bilateral  affection.  Cafles 
of  th»  former  kind  gemrall  y  ulTnrd  a  L»etter  prtjgmisiK  fis  far  as  t  hp  pyfl*mia  is  eonc<»med, 
and  particubrly  mi»  wfien  nci  uieta^taj»e«  are  ol>her\^able,  ex<'#»pi  the  one  in  tlie  eye.  The 
proiCnij^is  iliat  appertains  to  the  bUatieral  casee  on  the  other  hand,  Ls  extremely  bad, 
«ven  for  Ufe  it^lf. 

Many  rtises  of  p;*nophthttlmitis  that  develop  fliiddenly,  and  to  all  appearance*« 
ipoiiiaii«touMly,  nhoiüd  perhafis  l»e  regarded  as  one  of  the  s^mipttirnH  of  a  p)yii'nn}i  whf»«e 
point  of  origin  ia  undiscoveruble.  In  children  »^nppuraliun  of  the  uiiibihruL  rord,  and 
iOiiietiiiiQB  also  vaccination,  nmy  give  rise  to  pysj-mia  with  metadtatie  ophthalmia, 

B«Aide0  occurring  in  pyaemia,  a  purulent  chorioiditLs,  dovjbtles«  ahio  of  metaslatir 
origni,  occure  in  rare  iuBtanees  in  otfier  acute  infcH'tious  discaä4\»+,  stic^h  as  typhoid  fever, 
variola,  «carlet  fever,  anthrax.  inBuenza,  tilcerative  endoc4irditi.s»  diphtheria,  erysipelas, 
imeuinonia,  and  Weil'»  diäeaae, 

MdbI  ca^e«  of  }miutphthalmUi*  are  caiiKcd  hy  injury.  If  the  latter  m  of  euch  a 
chararter  that  the  eye  U  extensively  opened,  the  purulent  exudate  may  \m  discharged 
ihrDitgh  the  wound.  This  is  true  of  the  <*a*c»  of  {lanophihalmiti»  after  extensive 
•Uppuration  of  the  cornea.  In  all  these  cases  the  pus  in  the  interior  of  the  eye  lk  not 
under  any  preasure,  and  hence  the  disease  run»  a  mild  e**virse  with  but  Httle  pain 
and  aligVit  Inflam tuutury  nymptom«.  The  total  i-<mrsc,  ttw»,  is  contjiaratively  qwick^ 
iinoe  the  condition  can  procetnl  without  waiting  for  the  sclera  to  I*  perforated^  which 
ahrajTB  rcf|uire*i  a  long  time.  Yet  not  infre*itiently  even  in  these  rases,  in  which  the 
purulent  exudate  pnuihe«  out  through  the  wound,  (jerforaiion  of  theaclcra  by  pus  is  aLso 
«Be»  to  take  place  as  u^ual.  Panophthalmiti»  after  severe  injurit««  mu5t,  from  a  certain 
point  of  vnew.  be  regarded  as  a  more  favuraljle  outcome  than  a  pla*4tic  irido-cycliti*. 
The  former,  to  be  aure,  causes  more  violcut  paui  and  leads  to  a  greater  degree  of 
i^rinking  of  the  eye;  but  when  it  ha«  run  it 8  course  tlie  |Mitient  ha^  a  hiBting  respite. 
Plastic  iridti-cyclitis,  on  the  other  hand,  often  for  years  prtKluces  after-attacks  cf 
luAammation,  and  niay  also  give  ri.se  to  sjiiipatheiic  diseaM!  of  the  other  eye,  if  \hv 
patient  doe«  not  submit  to  enucleation  at  the  proper  time. 

For  the  exciting  germs  of  suppurative  cljonoiditis  fraet astatic  ophthalmia),  see 
page  3Ü  If  or  tlie  gerrnd  of  ectogetious  inflammation,  nee  page  34]. 

Ap«irt  from  einiple  incision  of  the  .sih*ra,  different  metfiods  have  been  attempted 
for  cutting  short  the  course  of  panophthalmitis,  particularly  eiiucleatictn  and  the  ablation 
of  the  «interior  section  *>f  the  eye,  with  »ccxvping  out  of  Ihe  <*ontent8  of  the  eyctalL 
In  fully  developed  panophthalmitis  enucleation  »omptimcs  result«  in  purulent  nietun- 
giti«,  with  a  fatal  issue.    It  nuist  l)e  äKsunieil  that  by  the  ojjeration  the  blocjd  and  lyruph 
prnrif^  in  the  orbit  an?  fre«jly  opened,  and  thus  made  acceaeible  to  infin^tion.    Whether 
^^i aoooping out  (exenteration  or  evisceration)  of  the  suppurating  eye  is  a  less  dangerous 
^■Oeedtire  i^t  questionable,  since  caaca  of  death  after  this  operation  have  ab«i  been  {>\y- 
Brved  (Schulek).     It  tnusi,  hn^vever,  be  noted  tliat  some  casc^   have   been   known   \n 
which  fatal  meningitia  ha«  «uc^'ceded  a  panophthalmitin  withcnit  any  operative  inter- 
ference 

DifJfTtniial  JHtignvinH  of  Suppuratirt  r/<fW/*tWi7v«,— t'aacs  of  simple  suppurative 
ehonoiditi.s  may  be  confovmded  with  neoplasm«  in  the  eyeball.    Thi»  is  possible  t»ecaUÄe 
the  inflammation  in  t  hcttc  raises  nins  so  sluggish  a  course  that  all  external  Higns  of  intlam- 
tnation  an*  wanting.    The  eye  is  not  discolored,  the  iri»  is  normal,  the  aqueous  and  lens 
are  clear.    The  lens  ami  iris  are  pre*«e*l  forward  l*y  the  exudation  in  I  he  vitreoua,  and 
ibe  anterior  chand>er  is  made  shallower.    The  pupil  is  dilated,  and  picrmita  the  exudate,  I 
y|ral>HCi^^,  to  be  seen  deep  down  in  the  vitreous.    Sometimes  the  exudate  is  visible  even  | 
Mme  distance  off  a»s  a  vivid,  light-colored  (whitish  or  >*ellow)  reflex  fnim  the  pupil  I 
(amaurtilii'  vat^f^-eyc  [Boer]).     Just   the  same  phenomena  may  W   produced  by  new  J 
formations  in  the  vitreous,  and  particularly  by  ghomata arising  from  the  retina  (sec  {  99), 
M^  which  rc^nscm  many  cases  of  the  sort  dcscril>cd  alwvc  have  liecn  «Iciiignated  BS  psftuto- 
ffbmata.     The  rao^t  important  distinctive  mark  hes  in  the  tension  of  the  eye.     Tins, 
in  genuine  gliotna,  is  normal  in  the  beginning,  and  afterword  19  increaaed;  in  p^etido- 
2U 
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glioma,  on  the  contrary,  liiininutioQ  of  tension  soon  selä  in,  whicli  is  followed 
shrinking  of  :he  eye.    Then  tho  subBeqiient  course  renders  the  true  stat^  of  the  i 
perfectly  clear,  inasmuch  iis  glioma  afterward  breaks  thrmigh  the  sclera  and  keeps  on 


Fio,  207  A. — ^Rbcent  Ckohioiditjc  Fores.     Maa^nified  »fiXU 

Th«  cellular  Infiltration  Jies  mainly  tn  thp  layer  of  large  v^ss^la  to  which  the  veift  a  bda 
ibi*  v«?in  b  \w.^  \\\  x\\c  liiyer  of  ni«HJhjin  «irecl  ves^ti-ls.     Tia;  inlillrulion  extends  haclinpnuii  iO 
g©T  belW'**en  the  IciiiiLHhp  of  the  Miprach«rioid  m.     The  pigiiaerit  epitlieliufti,  e,  over  the  focnn  i   , 
.*o  thttt  tlie  latter  under  tJie  ophthftlmoscope  must  have  been   incÜRtinct    and.  becau^o  ih*  leu«   . 
cotiC<»iil(Hl  the  retJ  chorioMal  vessels,  must  Imve  appeared  under  the  form  of  a  «oro«whaC  light-ookin 
and  11  Dt  sharply  defalk  patchy 
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Fio.  207  B. — Ova  Focus  or  Ccvtäal  RETiNo-rKomori>iTm.     Magnified  136X1« 

Th^  inflammation  ba»  nm  it»  course  in  the  chorioid  and  the  outer  layer»  of  the  retilia  in  tli«  rt^ 

Son  of  the  niäi'ulü  lutea;  the  tijifure  reprpuents*  oiil\  ibo  €<Ju*?  of  the  focus  which  \wm  lo  the  left  of  iJ»a 
-awing.  In  the  focus  itself  th<f  crhonoid.  CA,  i."!  tbickeneü  and  ^ibrouA.  aod  it«  ve6«el»  are  mj 
«xtent  abUierat«d*  U|>on  It  \neA  the  pigment  epithelium,  which  at  e  ba^  developed  by  proli" 
into  a  double  layer  of  cdl«-  Thi«  correi^ponrln  to  a  black  lapoi  *een  with  the  opht haloii>»eo|i 
retina  \»  adlierent  to  the  pigmeat  eüithelmm  and  ii«  degenerated.  The  fiber  layer»  /»  m  oooipm 
the  beat  preserved  but  still  it  ifl  fillefl  with  holeJS.  The  layer  of  icanglioti  cells  has  diflappearMl,  l[ 
Itranular  layer,  i  i,  hjw  b(*en  irr*!gnliu-ly  roavertetl,  and  the  layer?!  of  ihc  retina  that  eueceed  i 
Hnrly  have  been  entirely  converted  into  a  fibrous  structure,  ib,  compKi;*Of I  of  new-formed  coiui«otiv 
and  of  i^lia  fibers,  in  which  there  ÄtiM  lie,  a  few  seattere^l  exterior  irranule,'*.  The  adjacent 
drawn  np  by  the  ührinkinic  of  this  tiftRue  (cicatrix).  Tlii«  fact  cati  he  rnoHt  distinctly  made  i 
the  wnnkliiiff  which  the  iiJtier  i^mnular,  i\  ha»  experience«!  because  *3f  the  tractiotj,  with  the  re 
it  »howB  in  the  section,  at  i  and  tt»  a  kinkinir  which  appears«  ^*ihai>ed  in  the  »ection.  To  a  «nailer 
exteat  also  thi*  wrinkling  ia  present  in  the  rarefie«!  external  granular  laver.  o.  Here  the  wrinkl»?  i» 
dituated  at  the  margin  of  the  incus,  at  h:  from  thin  point  the  outer  paiwcsa  forward  to  th«  inner  ifnuiiklar 
layer  and  bectamea  amal^ainated  with  it.     The  atrophic  iotermedlate  sranular  layer,  t,  e* >r  I-  J 

icate  oblonji  hbem  (-«iipporting  jfabere),  which  cume  into  view  beeauHe  of  the  atrophy  of  the  r  .  I 

The  Iftver  of  rod*!  and  Ofjne^»  *.  and  also  the  pigment  i*pit helium,«»,  are  fairly  well  pn>*^pr\  e  1 

edge  of  the  focus,  A.     Here  there  \f^  an  interruption  of  the  piirment  epithehom  and.  fr  fit  mo, 

tjje  rorls  and  eones  are  obliquely  placefl  and  elongated  up  to  the  f^jml  where  they  fiim!  if  alto- 

gether.    Owing  to  their  oblique  pewit  ion  there  was   dj!»torte*l  vipion   (metainorph'i  le  bor- 

der of  (he  blind  »pot  or  acot^ma,  that  ctorre»ponded  to  the  focufi  itself  In  which  the  viüUitl  «eUs  1 
been  entirely  destroyed. 
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g;rowing,  while  in  peeudo-glioniu  the  eye  keep«  constantly  growing  smaller.*  But  now 
til  ^lOMia  It  is  requisite  to  rtrtiiuve  the  eye  a^  early  as  pos^ihle,  and  it  is  therefiirf^  not 
rigbt  to  wmt  a  long  time  in  doubtfiil  eases  iiniil  tlie  diagnoais  can  l^e  determined  with 
certainly.  In  so  doing,  we  sliutUd  1«*  putting  our  patient's  life  in  jeopardy.  Henc^,  in 
doubtful  case»,  we  perfomi  enud^ation.  Even  if  it  sliuuld  then  turn  uut  that  the  caie 
wm&  one  of  pueudo-glioma,  the  patient  has  not  lost  nuxch  by  t!ie  enucleation,  sinee  the 
«ye  k  Already  blind  and  would  l>e  nmeh  Klminken.  In  any  ease,  the  question  of  a  eon- 
fuskm  with  glioma  would  came  up  only  in  vases  of  »luggish  suppunitive  Chorioiditis 
occurring  in  children,  since  it  is  only  in  the  children  that  glionia  of  the  retina  is  found. 
The  causes  of  pseudo-glioma  are  nioet  fre^iucntly  meningitis,  also  the  acute  exanthemata, 
&nd  finally  injuries,  particularly  thcjise  attended  with  the  preJ?enre  of  a  small  foreign 
bcxly  in  the  interior  of  the  eye*  r>nc  or  two  cases  of  pseudo-glioma  have  turned  out  on 
di9i«ction  to  he  tuberculosis  of  the  ehorioid;  and  in  some  instances  a  mass  of  tissue  of 
frtal  origin  sJtuatod  behind  the  lena  has  been  found  to  be  the  cause  of  the  yellow  refleJt 
in  the  pnpiL 

Anoiomiffil  Changes  in  ChtyriöiditU. — In  exiidative  chorimditls  (Fig.  207  A)  there  i« 
4pi  a  cellular  infiltration,  which  originates  mainly  from  the  inn*Trno.st  layers  of  the 
^cirioid  and  spreatis  less  toward  the  outer  layers  of  the  ehorioid  than  it  dfies  in  the  direo 
lion  of  the  retina.  \Mthin  these  two  membranes,  the  retina  ami  chuffoid,  the  infiUration 
b  found  chiefly  along  the  %^essels,  which  indeed  may  be  said  to  be  sheathed  m  the  cells 
of  the  exudate.  An  exudate,  often  of  rotisiderable  size^  is  depaHiteti  Ih*I  ween  the  ehorioid 
ftod  th"  retina.  This  exudate  is  afterward  transformed  into  a  connective-tissue  mem- 
brane (cicatrix),  binding  the  ehorioid  fast  to  the  retina;  and  in  this  situation  theae 
Iwo  membrane«  themselves  become  atropliic  (Fig.  207  B).  From  the  ehorioid  the  fine 
TTimln  and  alm>  the  chromatophores  in  gn3at  part  disappear;  and  the  vessels  that  are 
Uft  either  have  their  walls  thickeiitKl  and  aclerosed»  or  are  obliteratetl  altogether.  The 
retina  is  converted  into  a  network  of  connective  tissue  and  glin,  in  which  can  l>e  seen 
ill**  ve*tse|8  with  their  walls  greatly  altered.  Wherever  the  ehorioid  i»  adherent  to  the 
retmn,  the  layer  of  rod»  and  cone«  is  absent,  and  so  it«  the  pigment  epitfielium,  except 
for  a  few  remnant <i,  (»n  the  other  hand,  the  pigment  epithelium  at  the  border  of  the 
Ncar  prohfcratcä;  hence  the  bhuk  lining  of  the  chorioiditic  jmtch  vi^sible  with  the  oph* 
ihahniiscope.  In  jKirt  the  prf»hferating  pigment  epithelium  migrates  into  the  retina, 
ipirhrrr  it  is  found  particularly  in  the  neighlKirliood  of  the  vessels,  llie  inner  surface 
^  the  retina  is  sunken  at  ihe  »site  of  the  cicatrix,  and  is  frequently  adlierent  to  the  sur- 
face of  the  vitreous  (to  the  hyaloid  memlirane). 

In  irvJo-rhoritniiUi^  rhronira  the  changes  in  the  ehorioid  and  retina  are  similar  to 
thoHp  jiMt  descnl»ed,  with  the  addition  of  the  evidences  of  chronic  inflammation  and 
afterwanis  of  atrophy  in  the  iris  and  ciliary  l>ody. 

The  changes  in  the  rhoriout  in  myofna  consist  mainly  in  atrophy  with  slight 
evidences  of  inflammation.  From  the  stretching  of  the  cjjorioid  residts  a  splitting 
of  the  lamina  vitrea.  This  latter  gapes  and  so  Inter  on  does  the  underlying  tis- 
Äue  of  the  ehorioid.  At  these  points  the  retina  becomes  adlierent  to  the  ehorioid^ 
the  rods  and  cones  being  at  the  same  time  destroyed  so  that  Ihe  sight  is  impaired 
*(8alsniHnn). 

For  the  anatomical  changes  in  irido-chorioiditis  suppurativa^  panophthalmitis, 

ophthalmia  metaslaticaf  see  page  402. 
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Di5TACHMB?rr  OF  THR  CfioRtoro, — This  is  frequently  found  in  the  dissection  of 
eauclealed  eyes.  In  shrunken  eyes  the  chorioid^md  the  ciliary  body^  too^-are  very 
ft«qaently  found  to  b"  detüched  by  the  exudates  which  are  pre:M*nt  in  the  vitreous  cham- 
bW|  and  which  exert  a  centrifjcla!  traction  in  all  directions  («,  n.  Fig.  179),  Then  owing 
to  the  negative  pressun?  sijrouH  liquid  collects  bt^neath  the  ehorioid. 

A  detachment  of  the  reiina,  usually  Intal,  \s  never  wanting  in  these  cases.    Since 


*ftii  rare  ea«i»,  however,  •  gUotnA  or  Mrcomii  ixmy  b«  Jodgjtd  in  «  phtluMcal  eye.    See  remarka 
r  nartsoro«  of  i '     "* 


tbe  Chorioid,  pacv  456.-0.] 
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we  are  ilcalinjj  with  e^^es  which  are  already  hlitnl,  the  detachment  of  the  chorioid  W 
a  practiral  interest  only  in  so  far  as  Iraetioii  upon  the  eiliarj^  body  is  produced  by  it; 
for  this  may  induce  conditions  i>f  irritation  in  the  blindfxl  eye. 

Another  mode  of  detachment  is  tJie  active  propulsion  of  the  chorioid  from  the 
sclera  by  blood  wliich  vi  pourt^l  out  beneath  the  chorioid.    This  takes  plaee  as  a  n-suli 
of  rupture  of  the  ciliary  arterieti  when  in  an  eye  (usually  one  affected  with  old  inm- 
of  tension  or  with  degenerated  blood- veäsels)  the  intra- ocular  pressure  sinks*  t-o  zero  ia 

consequence  of  perforatiua 
(due  to  corneal  ulcer,  iTiju^, 
or  openition).  The  beaiür* 
I  hage  may  be  so  great  that  the 
innrr  coats  of  the  eye  are  in 
krgc  part  expellrtl  from  the  ^ 
eyeball  (expukive  hemor* 
rhage).  Id  this  way  an  «7«^ 
that  still  retains  sight  may 
destroyed.  It  is  a  rurt>  ^ji__ 
to  see  with  the  ophthalinr»' 
^c'ope  a  detachment  of  the  cbo 
ric»id  in  on  eye  which  j^tül 
retains  sight  and  in  which  I 
media  are  tran^sparent 
drt ached  chorioid  appears 
der  the  guise  of  a  dark  promi 
neuce  projecting  into  the 
rcous.  The  detaclmient 
tnost  frequently  produced 
nerous  fluid,  and,  in  fact, 
iiqiieous  which  percolates fi 
the  anterior  chamber  beneal 
the  «'horioid  through  a 
rent  in  the  attachment  of  I 
ciliary  body.  Hence,  we  fin 
at  the  same  time,  that  tl 
anterior  chamber  is  eithi 
shallower  or  quite  obliteratwJ 
This  serous  det^ichment  occurn 
not  mfrequpDtly  in  the  da^ 
imnietiiately  f^ccceding  an  extraction  of  the  cataract  or  an  iridectomy  for  gtaueomj 
It  gives  a  good  prognosis^  since  usually  the  chorioid  becomes  reattached  to  the  sclera. 
Detachment  may  aLso  be  prodtjced  by  exudation  or  hemorrhages  under  the  chori^ 
or  by  the  development  of  a  äarooma  in  its  outer  layers. 


Fto.  2OH. — RüPTUHE  OF  THE  CnnhRTOTP.     RiGHT  Eye.     (Aftpr 

Therfl  are  one  largo  and  four  nmall  rupiurca  in  lli«»  lower p»rt 
of  thv  clioHoid.  The  Ittr^p  rupture  uppcara  under  the  iruiac  of  u 
wtiRhtly  curv'ed  white  band  with  jafEg^HJ,  »omewhul  piicnK'nted 
burdcrs.  The  flmall  nipture»  lie  ronrrntric  with  the  larp;e  one 
and  l>etween  it  und  tbu  papillu.  Ovtr  nil  of  ihcni  ihe  reiiiml 
v»ieH}la  run  unAltered. 


riiffl 
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Rttttttre  of  thk  CnnRmm. — Thii*  is  produced  through  the  action  of  some  blimt 
body  ufwn  the  eyeball  (contusion).     ImiiunJiaiely  after  the  injury  the  blood  extrav- 
asated  into  the  vitreous  usually-  prevents  a  clear  view  of  the  interior  of  the  eye.    After 
the  absorption  of  the  bkwxl  the  rupture  of  tlie  chorioid,  which  ordinarily  liesi  in  tti6 
neighborhcHjd  of  the  papilla,  and  most  frequently  to  the  outer  side  of  it,  is  discover 
iSometiines  there  ia  only  one,  sometimes  there  are  several  lacerations.    They  form  long 
yellovvish'White  streaks,  as  the  edges  of  the  laceration  in  the  chorioid  gape  and  allow  th 
white  sclera  to  be  m-en  betwt*en  them  (Fi^,  208).    The  streaks  generally  have  a  cur\^c 
shape,  witli  the  contavity  toward  the  papilla;  they  are  broatlest  in  the  center,  and  tap« 
off  to  a  sharp  point  at  the  ends.    Their  edges  have  an  irregular  black  coloration,  due  t^ 
prohferation  of  the  piKm<*nt.     The  retinal  vessels  run  without  any  change  over  the 
streaks,  a  proof  that  the  retina  is  unruptured. 
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Tumors  of  the  Choriold. 

W»  Of  malignant  tumors  the  one  [chiefly]  occurring  in  the  chorioid 
irroma,  which  in  most  ciu^ea  is  pigmented  (niehiiHi-.surconia).  The 
leal  symptonts  that  barcooiu  of  the  chorioid  presents  change  so  dur- 
li^the  development  of  the  tumor  that  four  stages  can  be  dibtiuguished 
the  courhe  of  the  diöcase. 
In  the  first  stage  the  tumor  is  small,  and  numifei^tti  itself  only  in 
jhlhalnioöcopic  examination  l>y  detachment  of  the  retina  at  the  site  of 
|A  tuntor*  The  patient  notiee*s  a  disturbance  of  vision  in  the  shape  of 
pfeet  in  the  visual  field,  corresponding  r o  the  8ite  of  the  tumor.  After- 
»rd  the  detachment  t>f  the  retina  becomes  total  (Fig.  2(1^),  N),  and  thus 
g  eye,  which  externally  still  looks  normal,  becomes  conij/letely  blind. 
^he  further  growth  of  the  tumor  a 
Ife  occurs  when  increase  of  tension 
iddenly  sets  in. 

»The  sarcoma  thcreui>on  cntei*s 
second  stage  of  its  devekjpment 
-that  of  increased  tension.  Exter- 
llly  the  eye  presents  the  appear- 
ices  of  inflammatory  glaucoma 
;  82),  Marked  injection  of  the  eye- 
exists,  the  cornea  is  dull  and 
ied,  the  antenor  chamber  shal- 
the  iris  discolored,  the  pupil  di- 
and  immobile,  and  the  tension 
ae  eye  to  palpation  is  noticeably 
Ited.  If  the  media  are  suffi- 
kily  clear,  the  gray  retlex  of  the 
Cached  retina  can  be  seen  deep 
own    l>ehind    the   pupil.     Later   on, 

fclens  become-s  clouded,  so  that  the  clinical  picture  of  glaucoma  abso- 
Küm  with  Cataracta  glaueomatosa  is  produced.  From  the  time  when 
K*  symptoms  of  inflammatory  glaucoma  set  in  the  patient  suft'ers  with 
»in;  very  frequently  it  is  by  this  that  he  has  his  attention  first  called 
trouble.  Since  the  picture  presented  by  the  afTeeted  eye  corre* 
[ids  completely  to  the  complex  of  symptoms  of  inflammatory  glau- 
la,  the  correct  diagnasis  in  this  stage  is  to  be  made  with  difficulty, 
It  at  all 

The  third  stage  is  that  of  the  growth  of  the  tumor  upon  the  outside. 

symptoms  are  different,  according  as  the  tumor  breakvS  thnmgh 

sclera  in  its  anterior  or  in  its  posterior  division.     In  the  former 

?.  dark,  hard  prominences  are  seen  developing  in  the  circumference 

|he  cornea,  and  the  diagnosis  can  readily  be  made.    If,  however,  the 

»r  first  grows  through  the  sclera   posteriorly,  the  notluleis  of  the 

ar  are  invisible,  and  do  not  give  evidence  of  their  existence  until 


G 


Fia.  200,' 


Sau^uua  of  the  OMoiuam. 
(Alter  }^b«r.i 


Th«?  tumor,  (7,  rif^t:'*  frum  tTn-  clutriuid,  C, 
which  «?\  rry» I K'n?  lie»  in  iimiaci  with  the 
Rcivra.  111»?  nMiria,  .V,  *in  rhi«  rjintmry,  i*  ^Ir»- 
tttchtnl  «■nfirr'ty  frcm»  ii.^  btj>*l  iinikT  Üi».-  fMrm  nf 
a  fuldi-^l  funnt-L  It  retain«  its  cunner« um  only 
wuli  tin»  papilla  l>phiiid,  &m\  with  the  chonutd 
ali>nc  the  arm.  «eiTHi.1«.  O,  tu  front. 
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later,  through  the  gradually  increasing  protrusion  of  the  eyeball  (exoph- 
thalmus).  As  soon  as  the  tumor  has  broken  through  the  envelopes 
of  the  eyeball  to  a  sufficient  extent,  the  pain  usually  abates,  since  th 
great  tension  in  the  eyeball  then  ceases.  But,  to  make  up  for  this 
the  extra-ocular  masses  of  tumor,  freed  from  the  intra-ocular  pressure 
that  constrained  them,  grow  so  much  the  quicker.  First  the  orbit  is 
entirely  filled  by  the  tumor,  afterward  the  latter  projects  from  the 
orbit,  as  big  as  an  apple  or  as  the  fist.  From  the  orbit  the  tumor 
is  continued  to  the  neighboring  parts,  particularly  to  the  brain.  At 
its  exposed  portions  the  tumor  ulcerates  and  gives  rise  to  frequent 
hemorrhages. 

The  fourth  stage  is  that  of  the  generalization  of  the  tumor  by  the 
development  of  metastatic  nodules  in  the  internal  organs,  most  fre- 
quently in  the  liver. 

Years  usually  pass  before  the  sarcoma  has  run  through  the  four 
stages  just  pictured.  The  first  and  second  stages  last  a  long  time, 
while  afterward  the  growth  of  the  tumor  becomes  continually  more 
rapid.  The  patient  dies  either  from  exhaustion,  in  consequence  of  the 
suppuration  and  hemorrhage  from  the  tumor,  or  succumbs  to  the  ex- 
tension of  the  latter  into  the  brain  or  to  the  metastases  in  the  internal 
organs. 

The  prognosis  of  sarcoma  of  the  chorioid  is  absolutely  unfavorable 
for  the  life  of  the  patient  if  the  eye  is  not  removed  early.  But  even 
then  the  prognosis  is  by  no  means  to  be  regarded  as  perfectly  favorable. 
Apart  from  the  fact  that  the  eye  itself  in  every  case  is  lost,  both  local 
recurrences  in  the  orljit  and  also  metastases  may  develop  even  after  its 
removal,  the  germs  for  their  development  having  been  already  scat 
tered  abroad  earUer,  although,  at  the  time  when  the  eye  was  removed, 
they  were  too  small  to  be  demonstrable.  Sarcoma  of  the  chorioid  is 
hence  to  be  regarded  as  one  of  the  most  malignant  of  diseases — one 
which,  in  very  many  cases,  ends  in  death.  Sarcomata  of  the  iris  and 
ciUary  body  behave,  in  respect  to  their  course  and  ultimate  outcome, 
like  sarcomata  of  the  chorioid. 

Sarcoma  of  the  chorioid  is  a  rare  disease.  It  is  found  most  fre- 
quently between  the  fortieth  and  sixtieth  year;  in  childhood  it  is  of 
extremely  rare  occurrence.  This  gives  a  means  of  distinguishing  it 
from  the  gUomata  which  spring  from  the  retina,  and  which  in  part 
present  symptoms  like  those  of  sarcomata,  but  which  occur  in  child- 
hood exclusively.  A  malignant  neoplasm  developing  in  the  eyeball 
will,  therefore,  have  to  be  regarded  in  all  probability  as  a  gUoma  in  a 
child  and  as  a  sarcoma  in  an  adult. 

The  treatment,  as  long  as  the  neoplasm  is  still  confined  to  the  eye- 
ball, consists  in  enucleation,  which  should  be  performed  as  early  as 
possible.  In  doing  it,  we  cut  off  the  optic  nerve  as  far  back  as  possible, 
to  meet  the  contingency  that  the  degeneration  has  already  passed 
over  upon  it.     If  the  neoplasm  has  already  grown  out  of  the  eyeball, 
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Irerything  diseased  must  be  removed  according  to  surgical  rules.  The 
surest  method  in  this  case  is  exenteration  of  the  orbit — i.  e.,  the  removal 
of  the  entire  contents  of  the  orbit,  together  with  the  periosteum. 

Sartfomata  of  the  chorioiti  consist  either  of  round  cella  or  of  apindJe  c^lls,  or  are 
tumors  made  up  of  a  mixture  of  both.  They  are  almost  always  pipnented  (iiielatio- 
sarcomata);  non-pigmeiited  sarcomata  (leuco-earcoinata)  are  among  tJje  rarities.  Very 
often  they  contain  many  und  wide  Ijlood-vessela.  Sarcomata  develop  from  the  external 
IsyeFB  of  the  chorioid  (Uyc*^  o(  largt^  and  of  medium-sized  vessels)  and  grow  inward 
toward  the  vitTieoua  space,  pushing  the  retina  before  them.  In  the  beginning  the  retina 
liea  ©verywhere  in  contact  with  the  »uriaoe  of  the  timmr,  so  that  witii  the  ophthalmo- 
soope  a  sharply  circumscribed  gibbous  detaclmient  of  the  retina  is  found,  rising  steeply 
from  the  fiuidiis.  This,  for  obvious  reasons,  does  not  fluctuate.  '1  hrough  the  retina  w*e 
can  often  recognise  the  vessels  of  the  choriuid  or  of  the  tumor  and  also  the  yellow  or 
brown  color  of  the  latter.  In  this  case  the  diagmms  of  mrcouia  is  easily  made.  But 
afterward,  in  consequeDce  of  the  disturbanee  of  circulation  in  the  chorioid  produced 
by  the  tumor,  an  accumulation  of  fluid  takes  place  Ijetween  the  chorioid  and  the  retina. 
The  latter  is  thus  detached  over  an  area  greater  tlian  that  occupied  by  the  tumor,  and 
^HKllot  permit  the  latter  to  he  seen  through  it  any  more;  ultimately,  the  detachment 
PHplBBe  total  (Fig,  209).  In  this  stage,  since  the  detachment  of  tlie  retina  has  lust  its 
'  e&äracterisl  ic  appearance,  the  diagnosis  can  not  for  the  most  part  be  made  w  ith  certainty. 
The  tensjMn  of  the  eye  affords  one  diagnostic  pninl,  being  usually  diminished  early  in 
simple  sc^rous  detachment  of  the  retina,  while  in  detuclunent  due  to  a  tumor  it  is  at 
first  normal  and  afterwartl  increased  (Von  C;raefe)>  It  is  an  additional  argument  for 
the  existence  of  sarcoma  if  the  anterior  ciliary  veins  are  found  markedly  dilated  upon 
otie  aide  or  the  other,  These  dilated  veins  indicate  that  the  sarcoma  is  situated  in  the 
chorioid,  and,  in  the  area  affected,  prevents  the  blood  in  the  forepart  of  the  uvea  from 
flowing  out  through  tlie  vasa  vorticosa,  so  that  it  has  to  make  its  way  through  the 
anterior  ciliary  veins.  As  the  intra-ocular  pressure  later  on  steadily  increases,  the 
detachment  of  the  retina  often  assumes  a  characteristic  appearance.  The  retinal  pro- 
imsiozis  are  pusiied  against  the  posterior  surface  of  the  lens  and  against  each  other  by 
the  increaaed  pressure  in  the  subretinal  space;  they  flatten  themselve«  upon  each  other 
and  often  include  only  a  narrow*  Y-shapetl  furrow  l>eiween  them.  There  are,  it  is  true, 
serous  detachments  which  also  show  this  apj:)t*arance.  These  are  those  rare  cases  in 
whicii  serous  detachment  ia  associated  with  increase  of  tension.  Such  cases  are  not 
distinguishabte  from  tumor  of  the  chorioid  and  might,  in  analogy  with  pseudo-glioiBa 
(»ee  page  405)  be  called  pseudo-sarcoma.  To  make  the  right  diagnosis  in  such  cases  we 
may  call  in  the  aid  of  transillumination  and  puncture*.  For  the  former  we  make  us© 
of  a  portable  electric  lamp  to  which  is  attachetl  a  conical  glass  rod.  This  latter  conduct» 
the  light  emitted  by  the  lamp  to  its  tip  at  which  the  rays  emerge  (Sachs).  [See  also 
Würdemann's  transiüuminator,  page  95  ami  Fig.  25.  Another  afjparatiLs  for  the 
iame  purpose  is  the  ophthalmo-diaphanoscope  of  Hertzell. — D.)  With  these  appli- 
ances it  is  possible  to  transilluminale  the  sclera  at  the  point  where  the  glass  rod  [or 
tip  of  the  transilluminalorj  is  placed,  I'he  pupil  then  glows  with  a  red  light;  but  if  any 
portion  of  the  interior  of  the  eye  is  occupied  by  a  dark-pigraentc^  tumor,  the  pupil  re- 
mains dark  w^hen  the  attempt  is  made  to  transilluminate  the  sclera  from  this  side. 

The  operation  of  puncture  ia  made  with  a  fine  ne<Hlle,  which  is  plunged  deep 
in  through  the  sclera  at  the  spot  where  the  tumor  is  thought  to  be»  If  the  ne*»tlle 
enters  a  timior,  it  is  not  freely  movable,  as  would  be  the  case  if  its  fioint  lay  in  tlie  \'it- 
reous  or  in  subretinal  fluid.  If  in  .spite  of  these  diagnostic  aids  we  are  still  in  doubt, 
enucleation  of  the  eye,  which  w^ould  be  blind  anyhow,  is  unconditioDally  indicated. 

At  length  the  increase  in  tension  reaches  such  a  degree  as  to  proiluce  the  complex 
of  sjTnptonis  of  inflammatory  glaucoma.  If  the  tletachment  of  the  retina  Ls  not  alrendy 
total,  it  becomes  so  now,  and  the  eye  bc*comes  completely  blind.  The  point  of  time  at 
which  the  glauoomatous  attack  sets  in  does  not  dc^jend  directly  upon  the  size  of  the 
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intra-ocular  tumor.  The  increase  in  tension  does  not  arise  from  the  fact  that  the  tumor 
occupies  a  certain  space  in  the  interior  of  the  eye,  for  this  call  for  additional  space  is 
compensated  for  by  a  corresponding  decrease  of  the  vitreous.  On  the  contrary,  the 
increase  in  tension  is  based  upon  the  congestion  which  the  tumor  produces  in  the  veins 
of  the  chorioid,  and  by  which  increased  transudation  of  fluid  takes  place  into  the  interior 
of  the  eye.  Elevated  tension  is,  therefore,  often  seen  with  quite  small  tumors,  while  at 
another  time  the  tumor  may  have  already  filled  up  a  large  part  of  the  eye  without 
exciting  the  symptoms  of  glaucoma.  When  the  glaucomatous  attack  has  set  in,  the 
eye  looks  as  if  it  had  been  bli^ded  by  primary  glaucoma,  and  the  diagnosis  can  not  be 
made  with  certainty.    The  existence  of  a  sarcoma  will  be  suspected  if  the  patient  states 


Fio.  210. — Sarcoma  Chorioidejb  Diffusum.     Vertical  Section  Through  the  Right  Ete. 

The  »atient  who  was  fifty- four  vears  old  had  been  blind  in  this  eye  for  years  from  an  opa^ty  in  the 
cornea.  The  eye  became  inflamed  from  time  to  time  and  half  a  year  previous  had  b^un  to  take  on 
a  black  color.  On  the  patient's  admiänion  the  eye  was  found  to  be  enlarged  in  all  its  parts  and  the 
oomea  was  covered  by  a  granular  browninh-black  deposit  which  only  at  the  nasal  and  lower  side  left 
a  narrow  marginal  portion  of  the  cornea  free.  In  the  section  made  through  the  eye  we  see  that  the 
latter  as  a  whole  is  elongated  and  tapers  off  into  a  somewhat  oval  extremity  behind — two  signs  of 
high  myopia,  which  was  also  present  in  the  patient's  other  eye.  The  cornea  is  covered  with  a  flat 
dark  pseudoplasm  which,  at  the  upper  side,  o,  is  continued  on  to  the  adjoining  sclera,  but  at  the  lower 
side,  u,  still  leaves  some  part  of  the  cornea  free.  The  cornea  beneath  the  tumor  is  scarcelv  altered: 
only  in  a  few  spots  have  the  sarcomatous  masses  dratroyed  Bowman's  membrane,  but  nowhere  have 
they  penetrated  into  the  deeper  parts.  Near  the  upper  border  of  the  cornea,  at  a,  there  lies  in  the 
thickness  of  the  sclera  a  little  black  island  of  sarcomatous  tissue  representing  the  cross  section  of  an 
anterior  ciliary  vein.  This  vein  is  filled  with  sarcoma  masses  and  constitutes  the  way  by  which  the 
intra-ocular  pseudoplasm  had  grown  through  to  the  outside.  In  the  interior  of  the  eye  the  chorioid 
and  the  flat  portion  of  the  ciliary  body  are  everywhere  uniformly  sarcomatous;  a  coating  of  black 
pseudoplasm  also  covers  the  floor  of  the  excavation  in  the  optic  nerve.  Adjoining  the  lower  side  of 
the  latter  lies  a  second  extra-ocular  nodule  from  which  a  filament  of  black  sarcoma  tissue  runs  through 
the  sclera  obliquely  forward  and  inward  as  far  as  the  chorioid.  At  this  spot  the  intraocular  sarcoma 
has  grown  out  through  the  sclera  along  a  ciliary  nerve.  In  the  interior  of  the  eye,  furthermore,  are 
found  the  evidences  of  a  long  continued  and  very  marked  increase  of  tension — namely  pushing  of  the 
u-is  and  lens  against  the  cornea,  atrophy  of  the  cUiary  processes,  deep  and  total  excavation  of  the  head 
of  the  optic  nerve. 

that  the  eye  was  already  entirely  blind  before  the  outbreak  of  the  inflammation,  for  in 
primary  glaucoma  blindness  usually  does  not  precede  the  attack,  but  follows  it  Be- 
sides, we  examine  the  second  eye;  if  one  eye  is  completely  blinded  by  primary  glaucoma, 
the  second  eye  will  rarely  be  found  quite  normal. 

In  rare  cases  the  second  (inflammatory)  stage  of  formation  of  the  tumor  does  not 
present  the  symptoms  of  glaucoma,  but  of  a  severe  irido-cyclitis,  which  because  the 
inflammation  is  especially  violent,  is  often  accompanied  by  Chemosis  and  exophthalmuB. 
Such  inflammation  is  apt  to  occur  when  the  intra-ocular  tumor  owing  to  inadequate 
nutrition  has  become  largely  or  wholly  necrotic.  As  a  result  of  the  irido-cyclitis,  the  eye 
becomes  vsofter  and  shrinks  up  so  far  as  the  tumor  contained  in  it  permits.  The  growth 
of  the  latter  is  thus  retarded  for  some  time — a  fact  which  does  not  prevent  epibulbar 
tumors  and  metastases  from  developing. 
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Onmiihof  the  masti  exttrLiytly  occurs  liefor«?  the  tumor  hasyot  fiUoci  the  whole inlerior 
of  the  eyvtbaU,  and  ia  effected  by  the  gradual  growth  of  ihc  teils  nf  the  tutiinr  tli rough 
the  Bclera,  the  eelL*  Ui>ually  following  out  preforuied  pu-Säsagc^s,  We  lience  find  the  tujnor 
gTDwring  out  along  the  optie  m^rvc  and  itn  j^heaths,  or  utilizing  the  point.s  where  the  hlood* 
VfwsT'k  (anterior  or  posterior  ciliary  vessels  or  th^  vaua  vorticoHa)  and  the  ciliary  nerves 
penetrate  tlie  sclera  (Fig,  210), 

The  meta»ta»€9  in  remote  organ.*^  ariae  through  ftmboligm.  The  blood  cyrtienl 
det^irhes  eelb  from  the  tumor  and  carries  them  into  other  pans  of  the  body»  wliere  they 
ilevelop  into  independent  tumors*.  IxM-al  recurrencew  are  scarcely  to  lie  apprehended  if 
the  growth  wa^  confine<l  to  the  eyeball  at  ihe  tinte  of  the  ojxTation.  (Jn  tlie  oilier  hand 
nieta^staseK  iK-cur  even  in  caüea  in  which  enucleation  was  performed  very  early.  8uch 
rnet^£$taäeä  remain  unohserved  at  the  outlet;  and  sometimes  il  is  years  Ijefore  they 
cause  the  patient  s  death, 

A  rare  form  of  ftarcoma  of  the  chorioid  ia  the  diffuse  variety,  in  which  the  new  growth 
lloes  not  liegin  as  a  circumscribed  rounded  tumor,  but  as  a  unifortn  degeneration,  which 
Ä  diffused  over  wide  areas  and  in  which  often  the  ciliary  Ijody  and  even  tlie  iris  t>re 
■brae  implicaled  {Fi^.  210). 

\r1ffJflfertiouB  angioma,  endothelioma,  and  peril  hetioma  have  been  known  to  «»ccur 
M  prfniftry  tumors  of  t he  chorioid  in  a  few  cases, 

Ciircinomata  and  also  adenomata  have  UH?n  oliaerved  as  a  great  rarity  in  the 
etkorioid,  but  only  as  sfM*ondary  tumors,  as  tnctaetoses  from  carcinoma  in  other  organs 
(«•pecially  in  the  thoracic  glands). 


^f  TuBEBcuLosm  OF  THE  Chorioid. — In  the  chorioid»  as  in  the  iris,  tuljerculotsia 
owurs  under  the  two  fomis  of  dinseminated  and  of  aolitary  nodules.  The  diagnosis 
between  thern  is  made  with  the  ophthahnoäcotx». 

(a)  Dvi»eminatt4  or  inilmrif  tuberculosis  of  the  chorioid  was  first  descrilH'd  by 
Jäger.  Small  ill-deftned  patches  of  yeUnwi^h  or  pale-reddish  color  are  se^n  in  the  funtlus. 
The«e  even  witiiin  a  short  period  of  exarninatitjn  within  a  few  day» — grow  larger  with- 
out, however,  attaining  a  sixe  of  more  tlmn  one  third  of  the  optic  disk;  and  at  ilie  sanie 
tinte  new  patches  may  make  their  appearance  in  the  fundus.  By  this  rapidity  of  grovvt  h 
the  »flfection  is  distinguishe<i  from  chorioiditic  spiit*,,  which  cliange  very  slowly;  besides, 
the  pigment  change«,  so  frenuenf  in  rhorloiditi«,  are  wanting  in  tulxTcles  of  the  «horioid. 
The  tubercles  occupy  chiefly  the  posterior  division  of  the  chorioid.  <ärdinurily  only 
%  small  nundx*r  are  present,  although  sometiineif*  as  many  as  twenty  or  thirty  of  them 
dm  Im'  counted  in  the  eye,  Anatomiciil  examination  has  proved  that  the  «jioti«  s^'cii  with 
the  ophl[ialmo«co|)e  rorre«pond  to  nodules  of  a  mean  diameter  of  1  rmn.,  which  posse^ss 
the  typical  structure  of  tubercle  nochdes  (Jhinzj, 

Miliary  tuberculosis  of  the  chorioid  forms  one  of  the  symptoms  of  general  mihary 
t u lx*r c ulcksts  ( C< > I m hei n i ) .  1 1  lias  e-ssen t  i all y  a  d i agno« ( i c  in tere^ t ;  as  i n  di>u b ( f  u  1  c ases 
of  acute  miliary  luberculos is,  it  may  as?: ist  in  cslabli^hing  the  diagnosis.  In  chronte 
tubeiculosis  of  the  lungs^  intestine,  etc.,  it  is  not  ordinarily  obscrv^nb  ISee  page  45S,| 
(ft)  Soiütirjf  or  e4}wjlnlMit^t  tuliercle  of  the  chorioid  make»  its  appearance  under  the 
form  of  a  neoplasm.  With  the  ophthalmoscope*  a  rather  large,  light -c^ilored  tumor  is 
seen  in  the  chorioid;  it  is  an  argument  for  its  tulierculous  nature  if  smaller  ligh(  npots 
(tuliprcle  nodides)  are  found  in  tlie  chorioid  in  its  vicinity.  The  tumor  rnny  afterward 
grow  through  the  ,«^clera  to  the  outside,  and  there  break  down.  Anatomical  examination 
sliows  that  it  consists  of  a  great  number  of  smaller  milJarj*  nodules,  which  liave  coalesced 
to  form  one  pretty  large  tumor.  In  the  renter  of  the  latter  caseation  tak{-s  place  The 
•f»litary  form  of  tuliercuItisiÄ  of  the  chorioid  is  a  very  rare  disease,  pre-eminently  affecting 
young  people.  It  run^  a  chronic  course,  and  accompjinies  chronic  tuljerculosis  of  the 
internal  organs,  especially  of  the  brain.  There  are.  however,  cases  in  which,  lieside  the 
tuberculous  nodule  in  the  eye,  no  focus  of  tuliercle  can  be  clinically  demonstrated  to 
«xisi  ill  the  organism, 
^K  The  prognosis  of  **olitar>^  tubercle  of  the  chorioid  is  bad.  since  the  eye  in  any  case 
^BtoM,  and  In  most  cases  also  life  is  endangered  through  the  presence  of  tubercutoua 
QWTttae  in  other  parts. 
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For  treatment  we  inui^t  first  mitiate  gc^ncral  measures  directed  against  tubernj- 
loeis;  but  as  eoon  as  we  see  that  the  tuberculous  focus  is  Increasing  in  spite  of  these  meas- 
ures and  that  blindness  is  setting  in,  enucleation  is  indicated. 

It  is  probable,  too,  that  not  a  few  eases  of  disseminated  chorioiditis,  especially  io 
young  persons,  are  a  kind  of  attenuated  tuberculosis  of  the  chorioid,  although  a  sure  ^ 
proof  of  this  has  not  yet  been  produced.  [Accordinp;  to  8tephen9<:»n  and  Carpent^,! 
whose  views  are  corroborated  by  other  observers,  mi hary  tuberculosis  of  the  chorioid  ma|^ 
occur  in  any  stage  or  kind  of  tuberculosis  and  is  common  in  chronic  tul3erculoeis.  Ill 
generally  forms  a  small  exudate  wliich  is  found  near  the  optic  nerve  or  macula,  and  whidil 
ultimately  becomes  absorbed,  Jeaving  an  atrophic  pigmented  patch  in  the  chorioid. J 
Sometimes  the  extra-i>cular  tuberculous  lesion  that  causes  the  choriojdal  disease  is  not  I 
obviou!*,  so  that  the  eye  condition  becomes  of  diagnostic  value  in  that  it  points  to  ibc  \ 
existence  of  latent  tuberculosis. — D.| 


80. 


IIL  Congenital  Anomalies  of  the  Chorioid. 
Coloboma  of  the  Chorioid. — In  this  affection  the  ophtha 


scope   shows  a  lirilliant  white  area  in  the  red  fuii'iiis  below  the  optic- 
nerve   entrance  (Fig.  211),     This   representd  a  eircatiiscribed  defect  ia 


Temporal 


tim»mi 


Fio.  211 


^OU>BO!kf  A  or  TUB   OpTfC    NßBVK    \SI>  CHOHIOID.      From   THE    RiMffT   EtK  OF  A  ForSTCEIf- 

YSAR-OLD  GiHL.    £BecT  tMAUE^     {AfiüT  Ca.Hpcr  and  KrugnrJ 


The  puptlla  appearf  ttllKJiit  nitw  lim««  »s  large  f^  [n  f}ie  nomriAl  iiitate,  and  Ups  c*nu«ideriih! y  hclo 
the  level  of  the  adjoiniiig  retina.  An  upper  (yellowish)  and  a  lower  (gray-colonpil)  tx»r 
fandeottt  in  it.  From  the  former  riie  the  contraJ  v«9>aclA,  which  an*  iibnorrnal  m  sending  f 
br&nehen  upward ,^  The  lower  ((fray)  portion  *»f  tli@  papilla  «howB  «everal  liuht-colore'i,  ri 
jectk»nB  and  but  few  blood -veaeioh^  althouKh  numerous  bh)od-ve«i*el!*  emerge ut  m>  ovprhauKinK  t>*.r 
aod  run  out  into  the  nottna,  evading  the  eoluhoma.  The  ealarged  papilla  ui liordereii  ahovp  hy  a  nan 
fttropblc  creacent.  The  osloboma  of  the  ehorioid  lie*  below  the  papilla  and  «Hnewhat  to  itj*  lempc 
aide.  It«  lower  (anterior)  border  i«  not  represwaled  in  the  drawinR.  The  cotoboma  i«  of  briUlai 
wbit«  hue,  is  aharply  defined,  Jind  ia  placed  somewhat  cleeper  than  the  adjoinine  portion»  of  the  fund! 
It  fihovrs  a  few  blood-ve^seLH  and  in  !«pot>-t  a  fine  granular  pigmentation. 

the  chorioid  and  retina»  in  the  confines  of  which  the  sclera  lies  exposed^ 
and  is  hence  visible  as  a  white  surface.  Coloboma  of  the  chorioid  i^ 
frequently  fount  1  along  with  coloboma  of  the  iris,  and  also  with  othe 
congenital    anomalies  of  the  eye.     Such  eyes  are  often  smaller  i 
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icrophthalmus) .     Rometliiips,  indeed,  eyeballs  are  found  whieh 

pnly  as  large  as  a  pea  or  a  millet  seed,  and  which  lie  entirely  in  the 

part  of  the  orbit,  and  are  not  di.^covered  in  an  examination  made 

the  living  subject.     In  this  way  absence  of  the  eye  (anophthahniLs) 

ulated.    Whether  a  troe  anophthalmus — i,  e,,  a  condition  in  which, 

the  orbit  is  present,  there  is  not  even  a  rudiment  of  the  eyeball — 

occur  or  not»  ha.-^  not  i>o  far  been  determined. 

The  eyesight  suffers  in  coloboma  of  the  chorioid  because,  in  the 

place,  there  is  [usually]  a  defect  in  the  visual  field  corresponding 

jhe  coioboma.     Moreover,  even  the  direct  \i8Uat  acuity  is  usually 

ictive  because  the  eye,  üb  a  whole,  has  its  development  deraoped. 

e  higher  degrees  of  microphthalmui^  the  sight  is  reduced  to  the  mere 

ntiation  of  tight  from  darkness. 
Coioboma  of  the  chorioid  is  in 
larked  degree  transmissil)le  l)y 
itance,  and  that,  too.  not  infre- 

rtly  in  conjunction  with  other 
nital  malformations  of  the  body. 
iloltoma  of  the  chorioid  has  the  shape 
of  an  oval,  whose  long  axis  corre* 
nearly  to  tlie  vertical  meridian,  or 
obtiise-angled  triangle  whose  apex 
ftcted  toward  the  papilU.  The  periph- 
border  of  tire  coloboina  imt  infrecjueiitly 
mUi  a  tapering  prolongation  ext^ending 
ird  the  ciJiarj'  body.  Even  the  smallest 
loniata  are  much  larger  than  the  optic 
I  and  the  large  colobomata  are  bo  exten- 
lluit  their  anterior  Iwrder  can  no  longer 
pen  with  the  ophtliahiio»<*oi>e,  because 
too  far  forward.  So,  too,  they  may 
so  far  K*ickward  that  they  involve  the 
The  latter,  in  that  case,  is  generally 
in  shape  and  appearance — sonie- 
flo  nmch  so  that  we  can  scarcely  tell 
it  lie«  except  for  the  intimation  of  its 
_  ice  affordeti  by  the  place  of  origin  of 
btinal  veäseis. 

uhe  edge  of  the  coioboma  is  sharply 
ed  and  eommonly  bordered  by  pigmt^nt. 
Jnloboma  itself  is  of  a  pure  while  or  bliiiKli-white  hue,  and  displays  here  and  there 
6Tit  spilth  and  also  ves.sels.  The  vesssels  are  in  t>art  those  that  arise  frt»m  the  adjoin- 
Kina  and  chorioid,  in  part  Ijelong  to  the  sclenit  which  liciii  exposed  within  the  area 
e  coioboma,  and  in  part  arc  seen  to  originate  from  the  coioboma  itself.  The  latter 
ru«l  he  regarded  as  posterior  ciliary  vessels,  in  eyes  of  this  sort  the  retinal  veäsels 
display  an  irregular  course;  not  infret]uently  it  l(x>ks  as  if  they  were  trying  to 
i  the  eolobfjma,  since  they  run  aiding  it»  tKjrders  instead  of  passing  over  it. 
The  surface  of  t}ie  coioboma  lie«  deejKir  than  the  rest  of  the  fundus,  and  often 
nt«  channeled  depre«sions  or  prominent  ridges,  a,s  can  be  inferred  both  from  the 
in  which  the  veRsels  bend  and  also  from  the  parallactic-  displacement, 
ataract^  generally  of  a  complicated,  inoperable  character,  fretpicntly  develops  in 
ited  witii  coioboma  of  the  chorioid.    If  I  may  be  allowed  to  judge  from  one  caae 


Flo.  212.— Lower  Half  of  ax  Etr  wrm 

CoNtjr.T»(lTAL  COLOeOUA  OF  TKR  laiB,  ClU- 

A»r  Body,  avij  Choiuoid. 

In  the  iri«.  wh<Me  poipterior  nurfmcw  i«  mmn 
in  the  fijfiire,  in  riMN>giiij!(Ml  ihi*  proloi^ation 
of  th«  pupil,  running  out  m  a  ^^linrp  point  to 
the  lower  cilbury  mnj-jEJii.  In  th^  €oiTe?<|iond- 
img  p«>rtirin  uf  the  cihary  biwJy,  ihtf  eihiu-y 
profH**««?»  are  waiitinjc;  the  prf>«».'«es«  imiDedi- 
fiti^b'  n«lj^>'">^^ic  ^hH  gap  ure  hiehf*r  and  1cini;er 
than  the  rt'jit.  and.  a^  th«»)' diverge  back  want, 
in^-hi.*«?  a  triansular,  very  darkly  piRTiiented 
arp«.  Still  fartlier  back  there  i*  founri  in  the 
waU  of  the  eyeb&ll  a  deep  excavation  of  oval 
form,  whos«o  ed««»  are  <*httrply  «lefmed  and  in 
pari  overhanging.  Upon  the  floor  of  the  ex- 
cavation in  (*een  the  sclera,  e^ivere<i  s«iniply  by 
a  very  thin,  tran?tp&rent  pellicle,  in  which  run 
wver&l  ve»!«elR,  The  po^iterior  pole  of  the  ovat 
that  i*  formell  by  the  cijtobomauf  the  chorioid 
IP  directetl  towartl  the  fovea  centrattd,  /. 
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whose  ooiifse  I  myself  obser\'ed,  mich  a  cataract  is  pfchJucchJ  in  the  following  way:  The 

retina,  bein(j;  adherent  to  the  marpm  of  the  culi>lx>nin>  undergoes  the  same  Bort  of  traetioii 

^that  it  does  when  adherent  to  a  scleral  eicatrix  (see  jiage  336),     In  consequeocc  of  tliis 

Taction  detachment  of  tlie  retina  takes  pJaee — at  first  only  at  tbee<lgeof  the  coloboraa, 

'  but  afterward  over  the  whole  extent  of  the  retina.     The  clouding  of  the  lens^  theo  taking 

place,  is  to  be  regarded  a^s  the  result  ordinarily  following  total  detaehment  of  the  retina. 

In  rare  cfuws  large,  white,  depress«^  areas  have  bt^-n  observed  not  below,  but  to 

the  outride  of,  the  optic  nerve,  in  the  region  of  the  vellow  spot.    These  have  likewise 

been  looked  upon  as  congenital  miufomiatkins — cohbömulit  of  the  jtutctdu. 

[Colobomala  of  the  chonoid  luay  be  assoeiatefl  with  a  complete  coloboma af  retina— 
the  retinal  ves^sels  in  this  case  being  cut  short  off  at  the  margin  of  the  affected  are-a, — D] 
Tlie  formation  of  colobi>mata  oeenrs  also  in  the  optic  ncrre.  Either  a  deep  tlepres- 
sion  is  found  in  the  lower  part  of  I  he  latter  or  the  i^ntire  optic-nerve  entrance  is  enlarged 
to  several  tiraejn  it8  usual  size,  tmd  the  vessels  coming  out  from  it  are^  as  it  were,  forced 
apart  (Fig.  211). 

Anaiömic€d  ^xamituUion  of  the  eye  affected  with  coloboma  of  the  chonoid  shows 
even  upon  an  external  view  a  protrusion  of  the  sclera,  situatetl  below  the  optic  nervi*. 
Thiö  is  the  scleral  jirutrusiou  first  described  by  Ämmon  (see  page  344).    Corresponding 
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Flu.  213. — Dair«LOPMEXT  of  Coloboüa  or  ths  Chorioid. 


(After  HippcK  Juiuor.) 


Th**  l«yer*  from  without  mwani«  arc  t ho  niowMierm  (not  yet  difTrrMitiatcd  into  »^'tfr»  nm)  choii* 
Old),  nnd  the  oitter  layer  (piicnifrit  epitht?tium)  «nd  the  inner  Jnyer  (retina)  of  the  scrondary  nrubr 

A,  The  mterior  of  1  hf  twnlAt  veoirlp  i^  Miiin-ly  fjllerl  by  thi?  feu«.  At  the  lower  aide  thr  uc-uliir 
ßeeure  y«  wide  upen,  und  the  rae(«:dorm  pad»e«i^  thruuich  it  into  thr  interior  of  rbo  eye  »*  far  »w  the  Iriw 
At  n  point  exactly  porref*püüding  to  the  mnrgiD  of  the  oculur  fif^ure  the  outer  layer  of  the  u4:ulMr  %'eMrle  ^ 

[  luriifi  into  the  inner  one. 

H.   Here  thf^  octilar  fissure  is  oürrower  and  the  pro^-eeu«  of  rneöoderm  m  ujore  ^lender.but  cicpaDd* 

^  within  the  interior  of  the  eye.  The  margriiiA  of  the  ocular  fij«*ure  a»  they  grow  up  to  words  the  procr»« 
of  «iesM)d<rnä  have  rotated  in  sucli  a  wRy  that  the  inner  layer  i»  i>rtrupiomx«d  outward  aod  doc»  nr>i 
nu'TBe  into  the  outer  layer  until  at  Honae  dintxiure  from  the  fiüisure  <!at  a  and  ft).  The  fiasure  in  the  outer 
Ift.ner,  therefrire^  is  lftri£i*r  ih^n  the  ocular  ß^sure  proper;  henrts  in  the  fully  developed  eye  a  rompar»- 
lively  large  area  (the  area  a,  h)  wuuld  be  denudea  of  piEnieni  and  eoriwquently  appear  whit<»  under  the 
furm  nf  a  ooJoboma,  while  aa  n  matter  of  fact  in  the  lateral  portions  of  thi«  arfa  the  retina,  which  i» 
deri%'ed  from  the  inner  layer,  mif^ht  atitl  be  present.  Thin  is  the  reason  why  in  many  cft-seu  we  find 
on  anntoukiral  examination  thai  the  coloboijiin  i»  partially  liwrd  with  rudimentftry  retina.  If  the  me»o-  , 
dentj  Ix'twi^^-n  n  und  />  should  j-ield  and  »hould  protrude  outward  and  the  niariEtnal  folds  of  the  ocular 
ve.->.iir'te  »huuld  «row  into  the  faik'il>-  thui»  produced  the  reuuli  would  be  the  fortnation  of  a  sac  lined  with 
reiiiitt  at  the  lower  ade  of  the  eye. 


to  this,  in  the  inner  nitmbrant*  of  the  eye,  in  the  coloboma  visible  with  the  Ophthal ökk 

scotje  (FiK.  -1-).    Within  this  mierosropical  examiruition  reveals,  for  the  most  part,  only 

a  thin  pellirle  compose« I  of  fonneetive  tissut%  the  rteniainsof  the  fii.se<l  ehorioid  and  retina. 

The  aittrtifuj  pmnl  of  a  eolohomo  we  must  n?gard  iM^  locateii  in  the  fetal  ocular  elefl. 

This  is  found  at  the  lower  side  of  the  secondary  orular  vesiele — the  fla8k-sbape«l  slrueture 

of  tlie  embryouif  eye — and  Is  (leHignetl  for  the  admission  of  the  blcKKl-vessels  into  the 

r interior  of  this  strut  ture  (Fip^.  1G4,  16o;  see  also  r)age  377)»    Later  on»  tins  eleft  ought  to 

^do>e  a^ain  withotit  |ea\dng  any  trace  of  itJS  presence.     But  if  the  clasure  takes  place 

inconjpletely^  a  rolo!>oma  is  formtMh     The  regidar  closure  of  the  fissure  is  prevent wl 

beeansc  the  process  of  tueso<lerm  which  conveys  tht^  blood- ves-sels  and  which  piisscß 

throuKh  the  fiKstire  into  the  interior  of  the  eye  does  not  undeit^ro  retrof^ression  at  rhe 

proper  time.    The  layers  of  the  ocular  vesicle  whieh  grow  toward  eacii  other  do  not  tn 
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th&t  case  come  into  contact  (Fig.  213  A)  and  the  inler8|mce  left  between  them,  which 
afterwards  becomes  the  ioloix^ma,  is  closed  sifu ply  hy  nH^cnieniml  tissue  ami  »o  rerTiains* 
This  meaodennal  tissue  at  I  he  time  when  tiie  oeular  fiHöure  ouglit  to  clrjfie  is  not  yet 
differentiated  into  choritiiil  und  sclera.  Even  later  this  ditTerentiation  failä  to  occur 
wherever  in  the  courstf  of  the  imch>Hed  fisstire  the  outer  luyer  of  the  ocular  vesicle  ia 
wanting.  In  tiii«  spol  tliere  developti  from  the  meaodermal  pluj^  not  chorjoid  hut  n^erely 
a  simple  fibroiw  litwue  which  kiteron  liecomesectatic  beeau-ne  of  the  int  ra-«jcular  pressure 
(Hcleml  protuljerance).  The  cololxima  therefore  is  originally  present  in  the  relina  and 
the  pigment  epithelium  antl  then  secondarily  in  the  fhorioid  al^o.  In  many  animals 
the  {jersistence  of  the  mesodermal  plug  and  hence  tlie  potency  of  the  rx'ular  fissure  are 
the  rule.  The  pecten  of  the  bird's  eve  and  the  falx  of  the  fish's  eye  are  nothing  but  a 
more  highly  developed  mesodermal  plug.  In  this  respect  we  might  consider  the 
cause  of  a  c«3lobotna  formation  in  man  to  be  a  reversion  lo  earlier  forma. 

If  the  margin«  of  the  *wular  vesicles 
grow  up  againflt  the  procctis  of  rFiewjdcrm 
and  find  in  it  an  obstacle  lo  their  uniun 
they  may  undergo  rotation  (Fig.  'J  13  M). 
They  then  grow  on  in  a  faulty  direct  ion  ^ 
cither  into  the  interior  of  the  eye  or  njore 
frequently  toward  the  outttide.  In  the 
latter  case  there  is  formed  at  the  lower 
side  of  the  eyeljall  a  sjic-like  pocket  which 
oontnins  retinal  tissue  (Hippel,  Junior), 
In  the  more  marked  varieties  of  this 
anomaly  of  development,  the  eyeball  itself 
remaitis  quite  Kinall  while  the  pocket 
develo|:M  into  a  pretty  large  sac.  In  \\vm 
mny  develop  the  cnses  of  micro  phi  hi  imufi, 
or  of  appanuit  artof}hthiilmw<!^  with  (he 
»itmiltancovLs  presence  of  fpjite  a  large  cj'st 
Bit  ualed  in  the  lower  lid,  and  glimmering 
with  a  bluiiih  ItLster  through  the  «kin  of 
the  latter.  The  cyst  is  fiUed  with  a  .serous 
liquid,  is  lined  with  rudimentary  retina, 
and  ifl  connected  by  a  prtn^ess  with  the 
dwarfed  e>*ebaU. 

The  fetal  ocular  cleft  is  also  ctjntinued 
afl  a  furrow  on  the  »talk  of  the  ocular 
vesicle,  which  later  becomes  the  opt  ic  nerve. 
Incomplete  clowure  r>f  tins  furrow  causts 
colobomata  of  the  optic  nerve  to  develop. 

Ciitfpbomn  of  the  in-n  i»  likewii*e  connected  with  the  orular  cleft.  The  iris  grows  out 
from  the  anterior  margin  of  tlie  «econdarj^  ocular  vesicle  and  the  rudimentary  chorioid, 
at  a  time  witen  tlie  fetal  ocular  clef  I  iü  already  ckwed;  hence  the  iris  in  no  8tage  of  its 
development  ha»  a  fissure.  Hut  wlien  the  optic  vesicle  and  the  me^soilennal  tiasue 
covering  it  sufTer  a  tierangetnent  of  development  at  the  site  of  the  retinal  cleft,  it  ia 
coneeiVTirjle  tliat  derangement^^  may  alHo  lake  place  in  the  t^ame  meridian  further  for- 
ward and  in  that  ca«e  may  affect  the  iris.  For  example,  the  meHoderm  at  this  spot 
(vascular  lens  capsule)  may  have  an  luiusually  solid  connection  with  tlie  njesoderm  ( liat 
forms  the  envcftipes  of  the  eye  (Fig.  167).  A  firm  l>and  of  this  sort  iK^ct^ssariiy  prevent« 
the  iris  from  growing  forward.  This  may  happen  even  when  the  cleft  in  the  retina  and 
chorioid  has  ckfc^cd  c<»mpletely,  so  that  then  a  coloboma  of  the  iris  is  produced  without 
M^  coexisting  colol>oma  of  the  chonoid, 

"  Aihinüm  consists  in  the  ahseiicc*  of  the  phjisiological  pigment.  Albinos  liave 
yellowish -white  flaxen  hair  and  also  white  eyebrows  and  lashes.  The  iris  is  light  gray, 
and  app?ar»  rtnldtHh  by  transniiUed  light,  while  the  pupil  hau  a  vivid  rt*tl  luster.  With 
tlie  ophthalmtxicope  the  blootl- vessels  of  the  retitm  and  chorioid  are  seen  with  perfect 


[FlO.    214. DlAnHAMMATIC     RKPRKSKfiTATlOW   OF 

MlTROPIfTUALMH^      EVfc     WFTH    TWci     CySTSI     AT- 

TAt  iib:d>    (Afler    !.»««   »tid   CU>llin9    in   Norri« 
JUid  Oliver), 

Co,  com«*»;  /.,  Innn  iluiplttcvii  nnd  flhrunkrn;  /» 
irin-  S,  wleromr;  ih.  «luiriiHili  R.  rrtina  much 
foltwi;  (Kfi.,  itptie  nerve;  Cy,  c>>iU«  lined  by  retiua. 
—  Dd 
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distinctness  running  upon  the  almost  white  fundus,  to  which  the  papilla  by  its  dark, 
grayish-red  color  offers  a  striking  contrast  (Figs.  20  A,  and  21).  Albinotic  eyes  are  photo- 
phobic,  and  hence  see  better  in  the  dusk;  their  visual  acuity  is  alwajrs  reduced;  and 
nystagmus,  frequently  combined  with  a  pretty  high  degree  of  myopia  or  with  strabis- 
mus, is  constantly  present.  Albinism  is  congenital  and  often  inherited.  In  albinotic 
eyes  the  pigmentiferous  cells  of  the  uvea  and  the  retina  are  present;  just  the  same  as 
in  the  normal  eye,  only  they  contain  no  pigment.  All  sorts  of  transition  forms  exist 
between  complete  albinism  and  normal  pigmentation.  [In  infants  often  large  areas  of 
the  fundus  are  albinotic.  Such  areas  may  alternate  with  quite  sharply  defined  islands 
of  normally  pigmented  chorioid.  The  albinotic  areas  are  foimd  particularly  in  the  periph- 
ery of  the  fundus,  and  this  tendency  to  semi-albinism  in  the  periphery  may  persist 
even  in  adult  life. — D.] 


CHAPTER  VJL 
GLAUCOMA. 

General  Considerations, 

81.  The  essence  of  glaucoma  lies  in  the  inerease  in  ike  intra-ocular 

pressure,  frum  which  all  the  other  essential  symptoms  of  glaucoma  can 
be  dedueecl  (Von  üraefe)»  In  one  series  of  cases  the  increa.se  in  pres- 
sure sets  in  without  our  being  able  to  discover  any  reason  for  it  in~än 
antecedent  disease  of  the  eye  ( pr i m arii  g la u cojn a ) ,  In  other  casein,  Tin 
the  com  rar  y,  ine  mcrea.se  in  pressure  is  the  rcisult  of  i>onie  otlier  disease 

Fnniary  )L^laUcon\a,  accordingly,  has 


of  the  eye  isecondartf  ginticoftKff: 
increase  in  tension  as  its  first  and  most  important  symptom,  from  which 
all  the  rest  of  its  phenomena  arise— it  is  glaucoma  proper,  the  glaucoma 
par  excellence.  In  secondary  glaucon  a.  on  the  contrary,  the  increase 
in  tension  is  only  a  consequence  of  otlier  pathological  conditions— is  an 
accessory.,  as  it  were.  The  clinical  picture  of  secondary  glaucoma, 
therefore»  is  exceedingly  polymorphous,  varying  according  tt>  the  dif- 
ferent afTections  which  form  the  basis  of  it*  While  genuine  av  tirimary 
gl a ucoma  always  affects  botji  e\es ,.  al t h ough  not  always  at  the  sa m e 
time,  seconclar>^  glaiicoma  remains  cotifimnt  ^o  the  (\v«\  w hichj  l>y  l>eing 
dist^ased,  has  i^iTused  Mu^  iiicnn^s»-  in  tension.  The  di agnosis  of  glaucoma 
h  based  mamly  on  the  ilpmonstration  (»f  its  cardinal  symptom,  increase  of 
tension,  by  palpation  with  the  finger  or  l)y  the  tonomutcT  (page  1*.)), 
^L  The  cofhsctjiwnces  of  increase  of  tension,  inevitably  occurring  if  it 
mms  a  long  time,  are  exravation  of  the  optic  nerve,  and  reduction,  with 
ultimate  annihilation,  of  the  si^drL  ^ 

^K     I*Jxcavatum  of  the  ophc  turvc  is  dependent  upon  the  recession  of  the 

^pUna  cribrosa.     By  the  latter  we  understand  that  part  of  the  srlera 

which  lies  at  the  point  of  entrance  of  the  optic  nerve  into  the  eye,  and 

ich  is  perforated   by   numeroas  foramina  designed  for  the  passage 

the  bundles  of  fibers  of  the  nerve  (Figs.  263  and  266).    The  lamipa 

ga  is  that  part  of  the  fibrous  tunic  of  the  eye  (corneo-sclera)  wliich 

has  the  least  tenacity,  and  hence  giveg^way  first  to  increased  ocular 

pre^ure,  whicli  it  does  by  bulging  backward.     Rut  at  the  same  time 

«^  optic- nerve  fillers,  set  in  the  foramina  of  the  lamina  rril> 
\a.  also  recede,  so  that  the  surface  of  the  optic  nerve  itself  sinks 
rk  (e,  Fig.  215  B).  t^pon  ophlhnlmoscopic  examination  the  pa  pi  Ha 
appe-ars  depressed  Mow  the  level  of  the  adjacent  fundus— slightly  at 
first ,  afterward  a  good  deal-  so  that  the  rnargins  of  thelmpilla  dip  down 
abruptly,  or  are  even  overhanging.  This  condition  is  recrignked  chngiy 
by  the  bending  or  actual  interruption  of  the  blood -vessel  at  the  spot 
where  they  pass"from  tTie  retina  over  the  ^rl^e  of  the  papilla  and  dip 
down  into  its  depth  (Fig,  215  A).  The  nerve  fibers,  too,  like  the  blood- 
undergo  flexioo  pj:  interruption  at  tlie  edge  of  the  papilla.    This 
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inti^rrtiT^tbn,  with  the  hi^h  |>res^iure  to  which  the  nerve  fiters  are  exp    .^ 
wfthin  the  eye,  makt\s  thc^ni  atroph  v.     Accordingly,  in  the  later  stages,  fk  ^ 
see  the  papilla  not  on_h^  tlerjmssed,  but  bleached  and  bluish-white,  l^ecause 
the  nerve  fibers  are  destroxed  anil  tlie  clear  white  hunina  erilirosaiw  exposed. 


h  — 


•^  ^^i% 


(U4i|W^»n*4^1 


t§mnorml 


d     or  p 


nasal 


Fio.  215, — GLAuroMATOtB.  Exf wation  of  the  OPTir  Nervk     Magiiified  14X1. 
Cf.  the  noriiiiil  opiic  nerve  io  FJica.  IS  and  111, 

A.  Ophtha LMOiic-o PIC  Pictuhb  fir  twi:  Papiula. — The  papüln  is  bounded  by  ft  sharp,  ovftrl 
inif  imIko,  at  which  rho  arlerie»,  a*  and  the  veiiiia,  r,  of  Ihe  ruUna  appear  to  tenitmate  in  recurved  ei 
Till«  in  due  to  thf  Tact  that  ibeit  cDnliuuation  on  the  flcsor  of  the  excövation  i»  diiiplitccNdl  Komewhmt 
liiU<rnII>  OM  citmp&TwA  with  the  porlion  «itunt«?d  in  I  he  reiina,  becaujie  ihoao  purtioo«  of  the  vcoseU 
ihrtt  fi*!"»c«nd  HÜ  thu  lateral  walJ  of  the  excAvaiiun  do  not  run  in  a  preci»eJy  saKJittuI  dinsetion,  but  «iJin«- 
wltot  ij|>ijqui4y.  The  veaeeb  within  the  excavation  arc  seen  but  indirtlinctly.  In  the  outer  half  of  Ihr 
rtriivuLion  are  w»en  the  uray  dots  of  the  latniu»  cribrosa.  The  »one,  A,  of  the  fundus,  adioioiiig:  the 
pnpilla.  ia  d«coiorixi?d   fh*>ir.  f||]i|r>jtl"'ft1)if" 

11.  LoNOJTtDfNAL  ^iE TT r M >  TiiH Öl " u tj  THE  HtAD  OP  TH ü  OpTio  Nsavs-— Thi»  «hows  a  deep 
ctritvntioD,  f^  on  th«  floor  of  wiuih  only  a  f€w  remaiiiH  of  »he  nerv«  ühen,  6»  are  visible.  The  centml 
V">M«i>U.  c,  aaeend  upon  the  retina,  r,  at  the  naj^al  margin  of  the  excavation;  the  itmermost  lay*»r  (fiber 
lavfT)  of  the  retina  i«  ecinaidt'rably  diminii^hnd  in  «iie  through  alrtiphy.  cA,  chorioid;  n,  »clerA.  The 
VfAuiuf"  of  the  trunk  of  the  oplir  ner^'e  hn»  been  conÄidcrably  reduced  through  the  atrophi^  of  Xlfp 
bundlcw  of  iiK*rvp  filyeri,  n.  A»  a  reaidt  of  this,  thp  inter*) paces  between  ibe  jheatha  of  thi?  ontic  uerve 
(thi*  pud  ttlieath,  p.  thts  araphnoid  sheath,  ar,  und  the  dural  sheath^  (f)  arc  dilated,  eapecially  on  the 
U'foporal  nd^}. 

The  atrophy  nl  thtjv  optic- nerve  ^bers  is  also  tlie  most  inijjortant 
cause  of  the  dccreaM'  of  nsuai  power  which  acctmipanies  the  elevation 
oneitsioa.  Inir>airHreiit  of  Ivoth  direct  and  iiuiirt^et  vision  oceurs. 
The  former  finds  expressiou  in  the  gradual  diminution  of  acuity  of  central 
viaion,  the  latter  in  the  liinitatJon  ot  th(^neld.~wliich  begins,  m  the 
irmjority  of  case.s,  on  the  nasal  side,  a??  the  temporal  side  of  the  retina 
be<*onieH  insensitive  first.     Finally,  complete  blindness  supervenes. 


GLAUCOMA. 


\m 


tmwy  glaucoma  I»  a  common  disease,  conatiruling  fthout  one  per  cent  of  all  ra^es 
[eye  disea^te.  Its  arrurat^^  rtH-ognition  is  of  the  greafesr  importance  for  ihe  general 
pr&ctiiianer.  tiic  more  so  because  here  proin|>l  und  proiJiT  dierapeutic  interference 
car»  save  cveryifiitig,  but  a  falst»  diagnoKis  ami  niipn*fj*^r  treat nieiit  iimy  destroy  every- 
thing. rnJort miaiely,  we  ötill  eonstantly  get  mider  ot  sef  valion  many  ca>>e^  of  gbucoma 
which  liave  btn^n  incorrect ty  diagnot^licated  liy  the  general  pra^'titioner,  and  which 
Oom>  to  iheophtludmolugiHt  only  when  help  la  no  longer  [xjasihie.  Case»  of  inffanmiatory 
gLiuconm  are  often  ciinfonnded  with  irili.s  or  irldin  ycliti»,  and  are  accordingly  treated 
with  atropine,  which  ha?<  a  |^rticn!arly  deleterifuis  action  in  glaucoma,  t  aw»  of 
glaucoma  simplex  which  present  no  external  symptoms  of  inliamnuition  are  not  infre* 
quently  regarded  as  commencing  cataract,  and  tlie  patient«  are  put  off  in  exf)ectatioa 
of  the  cataract's  Incoming  rip:*,  so  that  they  delay  until  it  is  too  late  for  iridectomy, 

(ilaucoma  has  been  known  from  antiquity.  Uf  course,  it  is  only  the  inflammatory 
variety  that  haa  been  thus  known,  sitic^  the  non-inthmunutont^  variety  can  l*e  diugnoMi- 
c&ted  only  by  the  ophthalmoscope.  Hence  this  second  variety  and  the  other  kinds  of 
blindness,  that  are  produced  by  diseases  of  the  deeply  situated  memhniiies  of  the  eye^ 
and  that  have  no  extorntd  muni feMat ions,  were  hmiped  together  imder  the  common 
name  of  aniauroäi«.  InHanmiiitor\^  glaucoma  was  usually  regarded  as  having  il  con- 
nection with  gout,  and  was  hence  called  ophthalmia  arthritica.  The  first  to  recognise 
the  increase  in  lensioji  as  the  most  impcjrtani  symptom  of  glaucoma  were  Mackenzie, 


215— Thb  Thaeb  Kindb  or  Excavatiox  or  tuk  Oftsc  Nrotvis.    3cHt:u4Tir. 


VAT  JON. — Af; 


L  puirtinl,  with  normal  iHtniUA  rri!>rcMm^ 
wrdi  tiitrinul  hiinina  eril')rii.-xi, 
ritial,  wnli  the  Inmiiiji  cn^n^fa  biilKedl  out  poat^rinrly. 


iknd  particwlarly  Von  Oraefe.  Heinrich  MuUer,  a  man  tieserving  (lie  greatest  praise  in 
all  that  H'late^H  to  the  pathological  anatomy  of  the  eye,  was  the  hrst  to  denumstrate 
anatomically  the  pressure  cxcavatitm  of  the  cjpiic  nerve  (1K54>);  soon  afterward  it  was 
accurately  diagnosticated  in  the  ophthalmoscopic  picture  by  WcIkt  and  Förster, 
BCackenxie,  starting  from  the  fact  of  the  increase  of  tension,  had  already  attempted  to 
«iffect  the  cure  of  glaucoma  by  rt*peated  ^paracentesis  of  the  cornea,  without,  however^ 
obtaining  any  lasting  result.  Such  a  result  was  first  obtained  hy  \'on  (Jraefe,  who, 
in  the  year  1856,  employed  iridectomy  for  the  first  time  in  glaucoma,  after  having 
found  it  efficacious  in  various  other  diseases  of  the  <'ye.  This  was  *me  of  tlie  most  pn.»g- 
nant  discoveries  in  ophihalmo|ogj%  and  one  whicl»  will  for  all  time  rcdoimd  to  the  glory 
of  N'on  (Iraefe.  We  have  only  to  remeiTd>pr  that  formerly  every  cas«^  of  glaucoma 
mevitably  led  to  blindness^  and  that  now,  thanks  to  iridectomy,  the  majority  of  glauco- 
tnatoitö  jxitients  can  be  cured.  How  many  thovisanch«  there  are  wht»  formerly  wf>uld 
have  been  forced  to  sink  year  by  year  irretrievably  into  the  night  of  blindness,  but  who 
now  are  saved  for  vision  through  Von  CJraefe's  discovery  1 

Wth  reference  to  exramtuui  ol  the  ontir  nerre.  three  varieties  are  distinguished — 
the  D^iysiolog^caL  the  atropine,  anci  ttie  glaul*omatou?L  The  physioktgual  exatvaiion 
(Fig.  2 If»  A)  orlgi nates  from  ttie  fact  that  the  hiindlos  of  filler»  of  the  optic  nerve,  when 
■pparating  from  each  other  so  as  to  cttrve  into  tlie  rtMina,  do  s<j,  not  in  the  plane  of  the 
retina,  but  behind  \\\  the  lamina  cribr*»sa,  however,  is  in  its  normal. situation.  The 
phyttiotogical  excavation  is  always  partial — i.  e.,  even  if  it  is  very  large  it  never  takea 
up  the  entire  papilla,  because  a  certiiin  space  close  to  thcixlge  of  the  papilla  mustalwaira 
be  t>ecupi«l  by  the  nerve  hlx*rs  wliich  are  pttssing  over  into  the  retina  tfUige  85,  Fig. 
30 
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18,  G,  and  Figs.  16, 17,  and  203).  The  atrophic  excavation  (Fig.  216  B)  is  caused  by  the 
disappearance  of  the  nerve  fibers  that  form  the  papilla  of  the  optic  nerve  and  lie  in 
front  of  the  lamina  cribrosa — the  lamina  cribrosa  itseÖ  remaining  in  place.    The  atrophic 

laJow, 
cribrosa  lies 


,..^..^_^__.-,.^___^,— — — ^—  papilla  IS  at 

the  same  time  oleachea  white  on  account  of  the  disappearance  of  the  nerve  fibers. 
The  physiological  and  the  atrophic  excavations  have  this  in  common,  that  the  lamina 
cribrosa  remains  undisplacea;  as  the  lamina  cribrosa  forms  the  floor  of  the  excavation, 
the  depth  of  the  latter  is  confined  within  narrow  Hmits.  The  glaucomaUnis  excavation 
(Fig.  216  C)  is  distinguished  from  the  preceding  kinds,  above  all,  by  the  fact  that  it 
originates  in  a  recession  of  the  lamina  cribrosa;  it  can  hence  attain  a  much  more  con- 
siderable  depth  than  they.  The  glaucomatous  excavation  comprises  the  entire  papilla, 
which,  in  the  beginning,  still  shows  the  red  coloration  of  health.  Later  on,  the  nerve 
bundles  are  destroyed  by  atrophy,  so  that  the  papilla  becomes  white,  and  displays 
exposed  upon  its  floor  the  lamina  cribrosa.  With  this  is  associated  a  still  further  increase 
in  the  excavation,  the  depth  of  which  is  increased  by  a  space  equal  to  the  thickness  of 
the  nerve  head  which  has  been  destroyed. 

The  ophthalmoscopic  signs  distinguishing  the  three  kinds  of  excavation  are,  there- 
fore, as  foflows:  A  partial  excavation  is  physiological,  a  total  one  is  pathological,  and 
either  atrophic  or  glaucomatous,  i  he  atrophic  excavation  is  shallow,  and  the  papilla, 
at  the  same  time,  veT^'wBite.  The  glaucomatous  excavation  may  be  shallow  or  deep, 
according  as  it  has  existed  for  a  longer  or  shorter  time.  In  a  shaUow  glaucomatous 
excavation  the  papilla  is  found  to  have  still  a  good  color — a  feature  which  distinyuishes 
it  from  the  atrophic  excavation.  II  the  excavation  is  deep  and  total,  it  can  only  be  a 
glaucomatous  one,  whatever  color  the  papilla  may  have.  In  practice,  the  distinction 
between  the  individual  forms  of  excavation  is  sometimes  very  difficult  to  make. 

The  ophthalmoscopic  picture  of  a  glaucomatous  excavation  of  the  optic  nerve  shows 
the  papilla  to  be  paler,  and,  in  advanced  cases,  bluish  or  greenish  white.  A  shadow  is 
seen  running  along  the  margin,  while  the  center  of  the  excavation  is  the  part  lightest 
in  hue.  On  the  floor  of  the  excavation  may  be  recognized  the  gray  dot  marks  of  the 
lamina  cribrosa  (Fig.  215  A,  /)•  The  vessels  do  not  emerge  at  the  center,  but,  for  the 
most  part,  close  to  the  inner  margin  oj  the  papilla.  Where  they  pass  over  the  e3ge"of 
thr  frnplln  t^^  f^  t^  i^"^  ^i...^  ^^^y  ^^^^  ^  ^^^^J^..^.  or.  in  deep  excavations^  an  int€mii>- 
tion.  of  their  course.  If  the  edge  of  the  excavation  is  overhanging,  the  ascending  portion 
of  the  vessel  may  be  completely  concealed  behind  it,  so  that  the  blood-vesseb  arising 
from  the  vascular  entrance  seem  to  disappear  at  the  edge  of  the  papilla  to  emerge  again 
in  the  retina  at  some  other  spot.  It  is  only  in  the  inverted  image  that  the  course  of 
the  vessel  can  be  seen  distinctly  in  its  whole  extent  at  once;  in  the  erect  image,  the 
vessels  on  the  papilla  and  those  in  the  retina  are  never  seen  clearly  at  the  same  time, 
since  they  lie  at  different  depths  and  hence  have  a  different  refraction.  That  is,  if  the 
adjustment  is  made  for  the  vessels  in  the  retina  (Fig.  215  A,  a  and  r),  the  vessels  on  the 
floor  of  the  excavation  (j.\)  look  quite  pale  and  hazy,  and  vice  versa.  The  vessels  in 
the  excavation  liave,  as  compared  with  those  in  the  retina,  a  myopic  refraction,  and 
hence,  to  be  seen  distinctly,  require  a  correspondingly  strong  concave  glass.  Froia^e 
difference  in  refraction  l>etween  the  niargin  and  the  floor  of  the  excavation,  the^^th 
of  the  latter  can  be  estimated  (see  page  102).  and  bv  repeated  meaflurementa  of  tßssort 
we  can  determine  whether,  as  time  goes  on,  the  depth  of  the  excavation  is  increasing 
or  diminishing.    In  the  inverted  image,  the  difference  ol  level  manuests  itööll  by  paral- 


lactic displacement  (page  103).  The  caliber  of  the  arteries  is  contracted,  while  the 
veins  are  distended  and  tortuous — in  fact,  sometimes  there  is  a  whole  convoluted  mass 
of  vascular  loops  lying  on  the  floor  of  the  excavation.  These  changes  of  vascular  caliber 
arc  ciisily  accounted  for  by  the  action  which  the  increase  o^  p|iggpnw>  exerts  upon  the 
vessels  of  the  vascular  entrance,  permitting  less  blo^fl  f^;^  ent.Ar  |^j^^  ar^tiwiaa  of  the  retina 
and,  on  the  other  liand,  obstructing  the  outflow  of  f^irw^H  from  the  vein«.  The  former 
tlierefore,  are  filled  too  little,  the  latter  are  filled  too  much.  We  very  often  observe  a 
pulsation  in  the  veins,  and  not  infrequently,  also,  a  pulsation  in  the  arteries  within  the 


CiLAUCOMA.  ^^m'^TT  457 

papillH.  Cf*or  the  explanation  uf  ihi«,  st'O  |iage  SS.)  Wliru  ^tTuurcMOitfuiis  ['xnivation 
lutf  bisled  for  a  long  time,  the»  p^ipüJa  i.s  uaualb'  founU  t<j  be  ^>lirToiio<lo<l  bv  u  wtnte  or 
yellowLsh  uryola.  wlticfi  is  the  expr^imt^liJii  atropjiy j^f  the  rhorioid  tibout  tlie  papilla 
(halM  gluücinnatosus,  Fig.  215  A~h)\  1  he  rest  of  tlie  furidiLs  in  tlic  Liter  Mtugei  often 
■btmi«!  tbo  network  of  chorioidal  vesseli*  with  great  diätinctnesa  (Fig*  204)  because  of 
the  diniinished  pigmental t ion  of  the  pigment  epithelium. 

The  condition  of  the  sijht  Is  not  always  in  tJireet  propirtion^jo  the  depth  of  the 
M[«ivy^on ^in  fact,  it  is  not  the  recesaicm  01  \\m  iixmma  cnbrosä^üä  sucli  that  idTert^ 
the  vision,  but  th^  atrophy  of  tlie  optic  nerve,  whieh,  though  produced  by  it^  does  not 
alwayn  by  any  meamt  keep  f)ace  with  the  formation  of  the  excavation.  1  hus  we  some- 
timns  see  cases  with  deep  excavation  and  yet  wjth  normal  visual  acuity  and  a  large 
field  of  vision.  On  the  otlicr  hand,  by  a  very  ocjaiideTable  increa.He  in  pressure — s&  in 
ginuoorua  fulininana^ — the  sight  may  be  coi  1 1 \Av  1  c  1  y  t* x t  i n gt  1  is 1 1 et r  \\  1  f  ii in  a  few  h o urs 
by  paralysis  of  the  optic-nerv^ehliera  without  tj'ere  U-ing  any  exeavation  of  the  optic 
t»rvi\  Wcause  the  time  is  too  .short  for  it  to  I >e  formed,  Aceorchngly,  in  forming  a 
jud^menl  a»  to  the  acuity  of  vision,  we  nui^t  l>e  guided  rather  by  the  color  of  the  papilla 
and  the  cahl»er  of  the  retinal  arlerie«*  than  liy  the  depth  of  the  excavation,  since  atrophy 
of  ihe  nerve  fibers  makes  itself  known  tuainly  through  the  pallor  of  the  papilla  and  the 
contraction  of  the  retinal  vesMefe, 

The  contraction  of  ihe  t^isual  ßetä  begins  most  frequently  on  the  nasal  nide,  al- 
iboitgh  we  often  also  find  other  forms  of  contraction  present.  Thus,  a  concentrft  limita- 
tion of  the  field  may  occur,  especially  in  ghiucorna  simplex;  and  at  tirncis  there  may  Ije 
central,  paracentral,  or  peripheral  »cotomata. 

[Bjemim  has  pointed  out  tliat  in  the  early  stages  of  chronic  glaucoma  the  defect 
in  the  visual  field  often  take^  the  form  of  sector-like  gaps  radiating  from  the  normal 
blind  8ix>t.  For  determining  thc^e  defect«  fine  te^l-t»bjectii  sliould  be  used.  Bits  of 
wHite  blotting  pajXT,  only  2  or  3  nmi.  in  diameter  placed  on  a  dead  black  curtain 
are  excellent  for  the  purpase.  In  order  to  make  the  scotomata  of  suffieient  size  for 
accurate  delimitation,  it  is  well  to  have  the  curtain  at  teafit  thirty  inches  from  the  patient 
aa  in  the  tangent  plane  depicted  in  Fig.  35. — D.] 

^"  I.  Phimarv  Glaucoma. 

82.  Primary  glaucoma,  also  called  simply  glaucoma,  i?et.s  in  with 
varying  s^ymptoms.  If  tbe  pressure  rii^es  äuddenlv  lu  a  co!i^u[erahle 
1  inflaiJimatory  symiitonis  are  exrited;  on  tbe  cuntrary.  these 
uiu&  ure  uantiii^  wlun  the  increase  ii"tensi(m  de\  eluM  ^ra<kijuilv 
and  keeps  witbin  iinrnnv  litTiits^  ÄecortTTiigly,  im  Hiliuinmatory  atitl  a 
non-infla minatory  form  of  glaucoma  (glaucoma  inflammatoriuni  and 
glaucoma  simplex)  are  distinguisbed. 


I 


.4.  Glaucoma  Inflammaiorium, 


Inflammatory  glaucoma  runs  a  typical  course,  especially  in  the 
acute  cases  (ghtucoma  inflaninialorium  acutum),  which,  therefore,  will 
be  firs^t  described.    In  the  course  of  inflammatory  glaucoma  the  following 

tes  are  distinguished: 
(1)  Stage  of  Prodrornfs, — The  proflmmal  ^stage,  which  in  most 
s  precedes  the  infliunmatory  attack,  is  characterized  first  of  all  by 
attnckn  of  ohscurntion  of  vision.  The  patient  declares  that  during 
the^e  attacks  he  does  not  see  as  well,  having  at  the  same  time  t!ie  feel- 
ing as  if  there  wjis  a  cloud  or  smoke  concealing  objects  from  him.     If 


i 
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there  is  a  light  in  the  room,  he  sees  a  ring  about  it  having  the  colors 
of  the  rainbow.  During  the  attack  there  is  frequently  a  feeling^  of 
tension  in  tiie  eve,  or  a  dull  frontal  headache.  If  the  physician  exam- 
ines  the  eye  during  such  an  attack,  he  tinds  the  cornea  a  little  dull  and 
diffusely  clouded,  like  glass  that  has  been  breathed  upon.  The  cloudi- 
ness  IS  greatest  at  the  center,  smallest  at  the  periphery,  and,  on  account 
of  its  uniformity  of  distribution,  causes  considerable  disturbance  of 
vision.  It  also  produces  the  appearance  of  a  colored  ring  about  a  lu- 
minous flame — an  appearance  similar  to  that  which,  for  instance,  we 
see  when,  on  a  misty  night,  we  look  at  a  gas  flame  in  the  street.  The 
anterior  chamber  is  ^omewhat  ahj^llnwer  through  advancement  of  the  iris; 
the  pupu  is  more  dilated  than  usual  and  reaci3T51uggisiily  ;  the  tension  of 
the  ey^  is  aisunctiy  increased.  Frequently,  too,  slight  dliary  injection  is 
present. 

Such  an  attack  ordinarily  lasts  several  hours,  after  which  the__eye 
returns  completely  to  the  normal  ponHitionnnrft  more,  both  as  regards 
its  appearance  and  as  regards  its  function.  The  attacks  at  first  make 
their  appearance  at  pretty  long  intervals  (of  months  or  weeks )T  later 
on,  they  become  constantlv  more  frequent.  Often  specific  causes  for 
their  existence  can  be  demonstrated,  such  as  hearty  meals,  late  hours, 
e  notional  excitement  (as  at  card-playing),  etc.  In  many  cases  they  re- 
turn, even  without  cause,  periodically,  sometimes  even  every  day,  so 
that  the  patient,  for  example,  declares  that  he  always  sees  through  a 
clou'l  in  the  .morning,  and  commencing  with  the  afternoon  begins  to 
see  cbarly,  or  vice  versa.  If  the  attacks  come  on  in  the  evening,  they 
alway.s  cease  when  the  patient  falls  asleep:  even  in  the  daytime  an  at- 
tack  may  be  cut  short  by  his  going  to  sleep. 

In  the  intervals  between  the  prodromal  attacks  the  sight  of  the 
eye  is  normal;  but  the  patient  complains  that,  to  see  near  by,  he  has  to 
employ  stronger  and  stronger  glasses — rapid  increase  of  presbyopia 
through  diminution  of  the  power  of  accommodation  (see  §  142). 

The  prodromal  stage  sometimes  lasts  onlv  a  fftw  weeks^  sometimes 
is  protracted  over  months  or  even  years.  In  the  latter  case^  the  eve 
gradually  undergoes  permanent  chahg:es.  so  that  it  is  no  longer  normal 
even  in  the  intervals  between  the  attacks.  The  eye  acquires  externally 
the  glaucomatous  aspect,  and  an  excavation  likewise  forms  in  conse- 
quence of  the  oft-repeated  increase  of  pressure.  Consequently  the 
sight  itself  is  no  longer  perfect  even  during  the  time  in  which  no  at- 
tacks occur.  In  such  a  case  we  can  no  longer  speak  of  the  disease  being 
in  the  prodromal  stage,  but  must  regard  it  as  being  now  a  chronic  in- 
flammatory glaucoma  into  which  the  prodromal  symptoms  have  been 
imperceptibly  transformed. 

(2)  The  second  stage  is  that  of  glaucoma  evoliduvi,  which  is  ush- 
ered in  by  an  attack  of  acvie  glaucoma.  This  sets  in  suddenly,  after 
the  prodromal  stage  has  lasted  a  longer  or  shorter  time.  The  cause  of 
an  acute  attack —  in  case  such  a  caase  is  discoverable  at  all — is  like 


'')ilt. 


those  which  determine  the  prodromal  attacks.     Chief  ani<jn>;  them  are 
to  be  mentioned  states  of  congesticni  of  the  venous  system,  especiully 
those  due  to  enfeeblement  of  the  hearths  motion;   also  mental  emotions, 
particularly  tho^e  of  a  depressing  character;    and,  lastly,  dilatation  ofi^^^ 
the  pupils.     For  the  last-named  reason  a  drop  of  atropine  in  an  eve' 
which  is  predisiiosed  to  glaucoma  njav  exfite  annttMck.  _  j 

The  acute  atiaek  manife^sts  itself  by  violent  i>ain  radiating  from  the  ^  f'^U^ 
eye  along  the  first  and  second  liranches  of  the  trigeminus.  iKe  pat i e n t 
complains  of  }>anis  in  tjie^heaij,  the  ears,  aiad  tlie^  teeth,  %vhich  may 
reach  an  intolerable  pitch.  They  deprive  him~üf  apj^etite  and  sleep; 
not  infref:|uentlj^^  vomiting  and  fever  likewise  set  in,  Simultaneously 
witlj  the  apjWrance  of  the  pain  the  visual  power  falls  rapidly  away, 
50  that  only  large  objects— such  as,  for  Instance,  the  hand  mo  veil  to 
and  fro  before  the  eye— can  be  recognized.  The  field^f  vision  is  con- 
si  derahl  y  n arrowed .  and  mostly  ^n  the  njisal  side.  Objective  examina- 
tion shows  the  appearances  of  a  vioh^t  external  inflamnuiti on  — oedema 
of^l^y  h^ls.  and  f e de m a  r> r  e v e n  v\ \e mos i s  < iTj he  conjunctiva,  which  18 
great ly  congeä ted.  The  injecLi^^n,  in  accordance  with  its  pre-ennnent !y 
venous  character,  has  a  dusky-red  colon  The  cornea  is  pun_ctately 
dotted,  hiLS  a  pronounced  smoky  (vlouLffitess.  and  is  almost  or  (piile  in- 
sensitive to_  tou<^.  The  anterioTi  liambe^is  shallower.  ihe^rJs  is  di^s- 
colored  and  narrowed.  Consequently,  the  ]>upil  is  dilated;  very  often, 
too,  it  is  oval  and  eccentrically  situated,  the  narrowing  of  the  iris  being 
then  particularly  great  in  special  spots — most  frequently  above.  The 
rearj^ion  of  the  iris  is  jdiolished.  From  the  i>upil  we  get  a  grayi^h- 
green  reflex/^  Ofjlulialmoscojiic  examination  is  im]>ossible,  on  accfiunt 
of  the  marked  cloudiness  of  the  cornea.     The  tension  of  the  eve  is  con- 


siderabjy  elevated. 

It  may  V>e  seen  that  the  symptoms  of  the  acute  attack  are  the  same 
a^  those  belonging  to  the  prodromal  attack,  except  that  they  are  much 
more  pronounced  and  are  acconipanied  by  inflanunatory  symptoms 
(injection»  crdema  of  the  lids  and  conjunctiva,  and  pain).  The  pro- 
dronafd  attacks  may  tlierefore  be  regarded  in  the  light  f»f  abortive  at- 
tacks of  glaucoma,  wliich  retrocede  liefore  they  have  developed  to 
their  full  height.  But  at  length  an  onset  of  tliis  sort  takes  place,  tisat 
rises  to  the  height  of  an  acute  attjU'k,  and  after  this  a  perfect  return 
to  the  normal  is  no  longer  possible.  The  tension  now-  remains  per- 
manentlv  elevated,  aufl  the  e^^e  retains  the  glauconuitous  suspect . 

The  fourfif  oi  tne  attacl^of  in^anunatory  glaucoma  is  that  itfter 
some  clavs  or  some  w^eeks — according  to  the  severity  of  the  attack  — 
improvement,  or  even  a n^ apparent  cure,  sets  in.  After  some  days  the 
pain  (U  minis  lies  in  violence  an<l  afterwanl  disappears  altogether.     The 
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ertce  I  he  name  "freeo  caiftr&cT  *'  {jgrüner  Simiry.    In  Greek,  «lea-sreein  ii*  caJletl  vAttiiffo«^  wh«nee 

'it  reflect,  however,  i^  by  no  ni«><ini«  iliHtinrtiv«^  of  irtaiJCfHna.     It  i>t  nlwtty  found  wh^^ri  t!ie 

I    artfl  at  tliP*iiTne  lime'  thp^mevfiu  lir^Mimt  complütely  tronspnrent,  c,  g  ,  lit  rye«  wjlli  lh«s 


ill  refl**x      Heneo  an  old  tnan'j*  ^yf.  when  atropiniiCHJ,  Iookji  on  oupf^rfirhiil  ^xainmalinn 

£!>  like  u  g,laucoinatouj^  eye. 
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eye  becomes  free  from  discoloration,  the  cornea  clears  up,  and  the  sight 
becomes  better  again.  If  the  sight  was  still  normal  before  the  attack, 
it  may  improve  to  such  an  extent  that  the  patient  can  still  read  and 
write;  but  the  more  the  sight  has  been  injured  before  the  attack  by  a 
prodromal  stage  of  long  duration,  the  less  is  its  improvement  after  the 
decline  of  the  attack.  We  may  say  in  general  that  after  an  attack  has 
passed  off,  the  vision  never  again  reaches  the  same  beignt  that  it  had 
before  the  attack  occurred.  The  attack,  furthermore,  leaves  behind  it 
objective  changes  in  the  eye,  that  give  at  the  first  glance  proof  of  the 
sort  of  disease  that  is  present.  The  over-distention  of  the  anterior  ciliary 
veins  remains;  the  anterior  chamSeFis  shallower,  and  the  iris  Is  nar- 
rower, IS  turned  to  a  slate-grav  color,  and  reacts  sluggishly  or  not  at 
all;  the  tension  is  permanently  increased.  We  then  say  that  the  eye 
exhibits  the  glaucomatous  aspect  (habitus  plaucomatosus).  Ophthal- 
moscopic examination,  which  becomes  feasible  again  after  the  cornea 
has  cleared  up,  shows  at  the  optic-nerve  entrance  the  signs  of  hyper»- 
mia,  which  really  is  only  one  of  the  evidences  of  the  general  hypersemia 
that  was  present  during  the  inflammatory  attack.  The  excavation  of  the  ' 
optic  nerve  is  not  present  directly  after  the  attack,  because  for  its  for- 
mation  quite  a  long  period  of  increased  tension  jg  y^guiaite;  it  hence 
does  not  develop  until  later  on.  It  is  only  in  those  cas^  in  which  there 
has  been  a  long  preceding  staf;e  of  prodrome^  that  T^e  excavation  is 
present  during  the  attack. 

After  the  subsidence  of  the  attack  the  eye  remains  quiescent  for 
quite  a  long  time,  and  the  patient  entertains  the  hope  of  a  permanent 
cure.  Then  a  new  attack  sets  in.  This,  as  far  as  inflammatory  symp- 
toms and  pain  are  concerned,  is  usually  less  intense  than  the  first,  but 
results  in  a  still  further  reduction  of  the  sight.  Inasmuch  as  new^at- 
tacks  now  constantly  follow  each  Qther.  at  shorter  or  longer  intervals, 
the  sig;ht  at  length  becomes  entirely  extinct.     The   disease    has  then 


entered  upon  the  I 

(3)  Third  stage,  that  of  glaucoma  aoaoliUum,  The  eye  is  completely 
blind,  and  presents  the  following  picture:  Contrasting  with  the  porce- 
lain-like, bluish-white  sclera  are  the  distended  anterior  ciliary  veins, 
which  unite  round  the  cornea  to  form  a  bluish-red  circle  o^  dilated 
vessels.  The  cornea  is  shining  and  transparent ^  but  insensitive;  the 
anterior  chamber^is  very  shallow!  The  irisjs  reduced  to  a  nam)w^rav 
marginal  strip,  which  in  places  is  almost  entirely  concealed  by  the 
limbus,  and  which  at  its  pupillary  margin  is  encircled  by  a  broad  black 
border.  The  dilated  and  rigid  pupil  is  greenish,  or  of  a  dirty  jgyav.  The 
"^rUr  ^'°k  iff  fiffpliy^  f^^nu^ruiaA    th^  ^y^  «fi  hard  RSi  stnnft 

Later  on,  degenerative  changes  make  their  appearance  in  the  blinded 
eye,  which  are  designated  under  the  name  of  glaucomatous  degen- 
eration.  The  cornea  becomes  cloudy  and  covered  with  pecuUar  glassy- 
looking  deposits.  LTpon  the  sclera  dark  ectatic  prominences — most 
frequently  in  the  region  of  the  equator  (equatorial  staphylomata) — pre- 
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|themselves  to  view;  the  lens  become«  cloudy  (Cataracta  glaucoma- 
.     Although  the  eye  has  now  been  bund  for  a  long  time^  the  pa- 
le^t  still  constantly  beheves  that  he  perceive«^  hght,  especially  under 
lie  form  of  a  luminous  haze,  which  on  some  days  is  more  pronounced, 
&n  other  days  less  so.     These  subjective  luminous  appearance»  for  a 
long  time  uphold  the  patient  in  the  belief  that  he  will  be  able  to  re- 
tain his  sight.     Furthermore,  attacks  of  pain  keep  making  their  up* 
earance  at  intervals  in  the  blinded  eye. 

The  final  outconie  in  glaucoma  is  usual ty  atroph}^  of  the  eyebalL 

fter  the  eye  has  been  hard  lor  years  it  at  length  becomes  soi'ter,  smarTer, 

id  atrophic.     In  other  cases,  ulcus  serpem  develops  with  perforation 

id  ro  nsec  y  t  i  ve  iri  do-ey  cli  t  is    or  e  ven  panoph  thai  mi  tis ,  together  with 

ilhthisis  byj^bi.     Not   till  the  glaucomatous  eye  luis  become  shriveled 

poes  it  allow  its  unfortunate  possessor  to  have  any  lasting  rest. 

The  course  of  glaucoma  with  a  violent  attack  of  inflammation,  here 
ictured,  corresponds  to  that  form  which  is  designated  as  glaucoma  in- 
jmmatorium  acutmn.  In  t  he  Reveres  t  cases .  which  Von  Graefe  has 
Jescribed  under  the  name  of  olaueom a  / ui m imi nfi .  incurable  blindness, 
conjunction  with  the  most  vinTpnt  symptoms  of  inflammationjiav 
ieveiQi>  withm  a  tew  hours.  Of  much  more  frequent  occurrence  than 
lese  cases,  wmch  luckily  are  rare,  are  those  which  run  a  less  acute  and 
typical  course  than  belongs  to  acute  glaucoma.  The^e  cases  are  desig- 
nated as  gla uro ?n o  i n ffa m  ma i o ri u m  ch ro n  jai m .  Here  no  pronounced 
inflammatory  attack  takes  place;  on  the  contrary,  the  prodromal  stage 
passes  imperceptibly  into  the  stage  of  infiammation.  the  eye  growing 
gradually  red  and  sensitive»  the  cornea  acquiring  a  smoky  cloudiness, 
the  iris   becoming  atrophied.     The  pain  is  neither  so   violent  nor  so 

tontinuoas  as  in  acute  glaucoma.  Often  this  sort  of  chronic  course 
&ts  in  after  the  first  inflammatory  attack,  no  complete  subsidence  of 
he  symptoms  of  inflammation  taking  place.  The  final  outcome  is  the 
ame  as  in  acute  inflammatory  glaucotna;  and,  anyhow,  no  sharp  line 
f  distinction  exists  between  the  two  ffjrms. 
Glaucoma  almost  always  attacks  both  eyes  Nevertheless,  they  are 
but  rarely  aliectcd  at  the  same  time;  it  niore  frequently  happens  that 
^■the  disease  of  the  second  eye  follows  months,  or  even  years,  after  that 
^Kf  the  first,  'ihe  experienced  pliysician,  however,  even  in  those  cases  in 
^Hirhich  one  eye  is  still  perfectly  healthy,  will  frequently  recognize  in  the 
^^atter  a  certain  disposition  toward  glaucoma.  This  manifests  itself  in 
a  shallow  anterior  chamber,  a  somew^hat  dilated  and  sluggish  pupil, 
and  a  comparatively  high,  even  though  not  yet  pathological,  tension  of 
^the  eye.  With  this  there  exist,  usually,  a  hypermetropic  state  of  the 
fraction  and  diminution  of  the  range  of  accommodation. 

Inflammatory  glaticnma  is  a  disease  of  advanced  life;    it  Is  found 

most  frequently   between  Jlie   fiftieth   and  se\TTUiei  h^^ear.     It  ligA-er 

curs  In  cluldhpod  and  but  very  rarely  indeed  in  youth.     It  attacks 

omen  more  than   men,   especially   women   in    whom   the   menopause 
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occurs  before  the  time.  A  disposüion  toward  inflammatory  glaucoma 
appears  to  belong  Drincipallv  to  hypermetropic  eyes,  whereas  strongly 
myopic  eves  are  to  be  regarded  as  having  almost  complete  immunity 
against  the  disease.  Furthermore,  rigidity  of  the  vessel  wails  (arterio- 
sclerosis)  and  habitual  constipation  predispose  to  glaucoma.  Among 
Jews^  inflammatory  glaucom^  is  much  more  frequent  than  among 
Christians.  Furthermore,  there  are  many  famihes  in  which  glaucoma 
is  inherited. 

Although  inflammatory  glaucoma  is  so  well  characterized  a  disease,  it  is  still  very 
often  diagnosticated  too  late.  In  the  prodromal  stage  the  diagnosis  is  obscured  because 
the  physician  usually  sees  the  patient  in  the  interval  between  the  attacks,  when  the  eye 
looks  normal  both  exteriorly  and  with  Ihe  ophthalmoscope.  The  physician  is,  there- 
fore, dependent  for  his  diagnosis  upon  the  description  that  the  patient  gives  of  his  attacks. 
These  are  characterized  by  disturbance  of  sight  (hazy  vision,  the  appearance  of  colored 
rings  about  a  light)  and  by  headache  (page  44).  On  the  other  hand,  we  cannot  with 
certainty  make  the  diagnosis  of  glaucoma  even  when  the  patient  makes  the  direct  state- 
ment that  he  has  hazy  vision  and  sees  colored  rings.  For  these  two  sorts  of  disturbance 
of  sight  occur  as  a  result  of  any  diffuse  cloudiness  of  the  media  and  are  hence  not  con- 
fined to  glaucoma.  For  instance,  they  occur  in  chronic  conjunctivitis  when  some  mucus 
lies  on  the  cornea.  But  in  this  case  the  phenomenon  vanishes  at  once  when  the  mucus 
is  wiped  off  by  rubbing  the  eye.  Many  persons,  again,  under  appropriate  conditions 
(e.  g.,  if  a  flame  is  placed  in  front  of  a  dark  background  in  a  darkened  room)  always  see 
a  colored  areola.  In  this  case  we  have  to  do  with  faint  diffuse  opacities,  chiefly  in  the 
lens,  which  are  commonly  too  minute  to  be  demonstrated  objectively.  These  cases  also 
are  easily  distinguishable  from  glaucoma,  for,  on  the  one  hand,  the  phenomenon  is  far 
less  pronounced  than  it  is  in  glaucoma,  and,  on  the  other  hand,  it  does  not  occur  in  peri- 
odical attacks,  but  can  be  elicited  at  any  moment. 

Accordingly,  in  c&jes  in  which  no  changes  in  the  eye  are  objectively  discoverable 
we  cannot  make  the  diagnosis  of  glaucoma  with  certainty  simply  from  the  description 
that  the  patient  gives  of  his  attacks— not  with  enough  certainty,  for  instance,  to  make 
us  willing  to  suggest  an  iridectomy  on  the  strength  of  this  description  alone.  We  must 
rec^uire  that  we  ourselves  see  the  patient  during  a  prodromal  attack,  in  order  to  demon- 
strate the  visible  objective  changes  occurring  in  the  course  oT"it.  We  hence  charge 
the  patient  to  present  himself  without  delay  as  soon  as  he  is  again  attacked  with  dis- 
turbance of  sight  or  with  headache.  I'  for  extrinsic  reasons  this  is  not  possible,  wemay 
use  pilocarpi r]f  (nr  ^iwrinp^  for  making  the  diai^osis  more  certain,  the  patient  being 
told  to  drop  this  in  at  once  on  the  occasion  of  the  next  attack.  HLf  the  morbid  symptoms 
are  completely  relieved  by  this  means  in  from  teiT^o  fifteen  minutes,  it  is  an  argument 
in  favor  of  glaucoma,  for  miotics  have  no  effect  on  non-glaucomatous  forms  of  cloudiness 
of  the  media  nor  on  headaches,  that  are  of  a  different  nature. 

The  acute  inflammatory  attack  also  is  often  misunderstood.  In  this  the  pain  radiates 
from  the  eye  into  the  whole  of  one  side  of  the  head,  so  that  sometimes  the  patients  are 
not  for  a  moment  aware  that  the  pain  is  proceeding  from  the  eye,  but  complain  simply 
of  violent  ''rheumatic"  headache.  If  the  attack  has  been  accompanied  by  marked 
swelling  of  the  lids,  a  history  of  erysipelas  may  be  given.  One  should  not  allow  himself 
to  be  led  astray  by  such  declarations  as  these,  but  should  form  his  decision  in  accordance 
with  the  results  of  the  objective  examination.  The  principal  thing  that  this  shovra  us 
is  the  dull  and  uniformly  cloudy  look  of  the  cornea.  In  former  times  this  cloudiness 
was  thought  to  be  located  not  only  in  ihe  cornea,  but  also  in  the  aqueous  humor  and 
in  the  vitreous.  As  to  the  cloudiness  of  the  vitreous,  no  proof  whatever  of  it  has  been 
presented.  An  argument  for  the  existence  of  cloudiness  in  the  aqueous  is  the  fact  that 
not  infrequently  after  it  has  escaped  (in  the  performance  of  iridectomy),  the  pupil 
looks  blacker  than  before.  The  main  cloudiness,  however,  is  situated  in  the  oomea. 
Another  important  symptom  of  glaucoma  is  the  dilatation  and  rigidity  of  the  pupil. 


jMidby  lhia<  wo  are  guartled  against  any  eonftision  with  iritis  or  iritlo-cyditia,  since*  in 
these;  cli8ca»t?8  tlio  pupil  m  eontrat^u^a, 

A  cliaractenshc  lealure  of  gmueonia  ih  rbi«  frtMiutrit,  uiivn  periodical,  aKeriuitUfTiji 
in  the  c/mrM.  i»[  the  dise^Lse,  1  he^e  uni  affonled  by  tlie  (rantsieiit  uhwcural iotis  of  vision 
occurring  in  the  prodronui!  slage,  by  the  itillannimtorj^  nttjAeki>  retiirrinfSf  at  inlervals 
in  the  inflammatory  stage;  even  aft4?r  the  bliiuhiesa  is  complete,  there  is  still  ii  eoristünt 
alternation  of  bright  and  dark  da>'B,  acicurding  to  the  patient's  subjective  luminous 
imprtfisiond. 

The  chiratier  of  the  pupil  has  a  vdry  great  influenee  on  ihr  phenomena  of  glaiu xmia. 
Ita  runtmetion  lias  a  favorable  effect,  sinw  it  generally  diminishes  the  teriKion  in  gbu- 
coma,  while  dilatation  of  the  ptipil,  on  the  contrary,  increjises  the  tension.  Hence 
miones  Itave  the  p<:)wer  of  emting  frihori  the  prodromal  attacks,  and  of  ameliorating  the 
symptonin  even  in  the  infTaimiiatory  iittaekr  The  lael  TTmt  the  prwlronml  fit  lacks  can 
be  cut^hort  hy  I  lie  t>aticnt 'sgoin^  to^tjleco  iis  tirotiablv  also  referabje  to  the  mafRed 
1  uTitliWcitH  in  slcffo"    Mydriatics,  on  the  contrary,  can  excite 


COnfriutjün  which  t[ie  nujjit  uiuhr^cic?^  i|i  s 

an  inHi^mniatory  atlaclc  jii  ao  eye  That  is  J*^edi^poHed  to  it,  und  tlmt  not  only  the  jmjw- 
erful  mydriatic»,  like  atropine,  bnt  also  homatropine  and  even  cticaine.  We  should 
alwiftys,  therefore,  take  care  that  tlicre  is  no  sUHpicion  of  the  existence  of  glaixi::i*ma.  * 
before  makirtg  an  iustillaTi<>n_nf  a  nivdriatic  in  the  cant*  of  an  elderly  niaiL  If,  howev^er. 
IPt  have  ha*l  the  misiortune  K»  set  uj>  in  ihfs  way  an  attack  of  inimnintalory  glaucoma, 
it  may  bo  poesible,  by  the  prompt  and  energi'iic^  instillation  of  e«erine,  to  cause  the 
attack  to  disappear,  and  that  perhaps  pt»rniancntly. 

It  ifi  a  fact  frc<|ticnTly  ul>servcd  ihni  iridectnT^tiy^  jlime  in  a  ghiucoiTiatnus  eve,  may 
l^vo  rise  to  an  int'aiTHOjHitrv  attatk  oi  i  h^*  i^nvr^'  ^y*^*  ^^  '^  ^^  already  lAicdisiun^ed  to 
giaucoma>  N'everthel<*tis~it  is  not  the  o^x*rarion  as  such,  but  the  ;4j>sociated  menial  atid 
pliy^TcSl  depre«^sion  which,  as  on  other  orca*iions,  may  here,  ten»,  excite  a  glaMcc*niHious 
atta<*K:.  ^Ilje  operation  itself  is  not  needed  to  produce  tins  result,  (»ne  day  a  lady 
came  to  me  with  a  recent  inflannnatory  attack  in  Wth  eyes.  She  had  a  few  days  Iwefore 
had  her  first  attack  of  glaucoina  iri  the  riglit  eye,  and  liad  consulted  Prof.  Arlt  f*>r  it. 
When  he  explained  to  her  tliat  an  ofK>ration  \vaj>  lUH'essary,  she  experienced  such  a 
violenf  fright  that  she  got  an  inflannnatory  attack  in  the  second  eye  while  returning 
from  the  t»onsiiltation  in  her  carriage.  Probably  there  are  two  factors  tlmt  act  together 
in  the  vnse  of  glaucoma  produced  liy  violent  emotion— the  distnrhance  of  the  circulation 
and  the  reflex  dilatation  of  the  pupil.  In  an  operation  upon  a  glaucnniaiou^-evc 
pilocarpine  or  r«er»ne  may  \^  inst>Hcil  into  tlte  second  eye  to  prevent  iIjc  outbreak  of 
glaucoma  m  it;  even  tnin  prt^eautiona ry  meusure,  however,  dt>eb  jiot  alTorJ  cotiiplet e 
aecu_nty    ~ 

T^ebnle  diseaaes  of  variotis  sorts  may  likewise  delemiine  an  attack  of  glaucoma— 

rthat  has  been  obf^ervecl  qwite  often,  especially  in  the  groat  influenza  epidemio. 
In  the  s^tnge  of  fjtatuomniouiy  drginvrntum  various  chanK».s  are  observe<l  in  the  corinn. 
(a)  Most  frequently  topt'tliir  with  niarketl  clondincss  of  t!ie  corneal  parenchyma  there 
arc  found  gelatinouis  or  hviilinf  th-oo^^jt^  Uf>on  the  surface  of  the  corni'a,  {h)  Vesicles 
develop  noon  tlje_eomea.  ow'ing  to  the  fact  that  the  ef)ithelium,  either  by  itself  or  along 
with  tlie  newly  formed  deposits,  is  liftefi  (wm  Ua  betl  by  serous  exuclation^ — keratitiÄ 
ifaicuU>^a  and  bullosa  (page  2t>l>  and  Fig,  104).  (c)  Zonular  opacity  of  the  eornni 
IQige  2t>3),  and  {d)  ulc<*ra  of  the  cornea,  fre(|uently  leading  to  pc-rloration  (iia^e  249), 
are  obw^r\'e<i.  As  a  result  of  tlje  fat  I  er  (especially  ulcu?^  serpens)  violent  hemorrhageg 
may  take  place  from  the  interior  of  the  eye  tpage  45JT7nr^cyere  (>urüh'tit  infhtnnnution 
«ucceedea  by  shrivellmp  of  tlie  eyenalb  These  affections  of  the  conic  a.  so  vanoüa  in 
character,  are  referable  in  part  to  the  aheratinn  in  nutntion  pro<hicc<l  by  the  diaturh- 
jitee  in  the  hnminatie  eircnlntion.  partly  to  the  ofualvsiTtif  thecorneal  nerves,  mani- 
iHte^l  in  the  complete  insciisitivcness  of  the  surface  of  the  eomea  to  touch.  In  conse- 
qtience  of  these  changes,  the  cornea  becomes  less  able  to  resist  external  injuries. 

In  the  course  of  glaticomatcms  rlepcntTHtion  the  lrm<  always  hf^'on^es  clojidv  tfdtfi- 
rurti I  ala i^t ^« f \{{gl\>^n ^ ■  From  thi=t  lenticular  cloudiness7proaiie<Hi  by  ilie  glaucomatous 
pnic«  ss,  i>i  to  W  distinguished  that  fnrm  which  occurs  only  as  an  accident  in  the  glauct»- 
mfttous  eye,  and  which  is  de^^ignated  a«  catarada  in  qcuUj  tflaticotnaUMto,    Thus,  simple 


474  TEXT-BOOK  OF  OPHTHALMOLOGY. 

senile  cataract,  traumatic  cataract,  etc.,  may  be  present  in  a  glaucomatous  eye.  The 
distinction  between  Cataracta  glaucomatosa  and  Cataracta  in  oculo  glaucomatoso  is 
made  by  observing  the  appearance  of  the  cataract  and  by  testing  the  vision.  Cataracta 
glaucomatosa  is  distinguished  by  its  marked  distention,  its  bluish-white  color,  and  the 
vivid  silky  luster  of  its  surface,  while  Cataracta  in  oculo  glaucomatoso  has  the  appearance 
corresponding  to  its  origin  and  its  nature.  ,In  the  former  kind  of  cataract  the  eye,  as 
a  result  of  the  glaucomatous  process,  is  completely  blind,  and  hence  an  operation  for 
cataract  is  useless.  In  the  second  case,  if  the  glaucoma  is  not  too  far  advanced,  such  a 
degree  of  sight  (perception  of  light)  may  still  exist  as  promises  a  good  result  from  the 
flytrantinn  ^f  ^h«  cAJArAc.t.  The  extraction,  however,  should  in  no  case  be  performed 
immediatelv:  on  the  contrary,  the  increase  of  tension  should  tirst  be  done  away  with 
by  an  iridectomy,  and  this  may  be  succeeded,  say  some  four  weeks  later,  by  tue  ^taract 
operatiglT.  ft  we  should  extract  a  lens,  without  taking  any  sucn  preliminary  precaution, 
in  an  eye  affected  with  increase  of  tension,  we  would  run  the  risk  of  losing  the  eye  through 
severe  intra-ocular  hemorrhage  (see  page  240). 

B,  Glaucoma  Simplex, 

83.  In  glaucoma  simplex  the  increase  of  tension  sets  in  very  gradu- 
ally, so  tl^ftt.  ry^  JnflftTnmAt.n^v  phenomena  are  produned.  Thfi  pve  pi t her 
looks  quite  normal  externally,  or  it  gives  evidence  of  the  lesion  affecting 
it  in  the  greater  prominence  ofThe  distended  anterior  ciliarv  veins,  and 
also  in  a  somewhat  dilated  and  sluggish  state  of  the  pupil.  The  ten- 
sion  of  the  eye  is  shown  to  be  elevatea,  but  usually  not  to  any  consideraEle 
degree.  Often  on  the  first  examination  no  increase  of  tension  is  found  at 
all;  it  is  not  until  we  examine  the  eye  repeatedly,  and  especially  at  different 
times  of  the  day,  that  we  succeed  in  demonstrating  that  the  tension  is 
elevated.  At  these  times  a  slight,  smoky  cloudiness  of  the  cornea  is  also 
sometimes  present,  such  as  appertains  to  the  prodromal  attacks  of  inflam- 
matory glaucoma.  Finally,  there  are  cases  of  glaucoma  simplex  in  which 
the  tension  is  so  low  all  the  time  that  on  palpation  with  the  finger  it  is 
regarded  as  normal,  while,  nevertheless,  examination  with  the  tonometer 
shows  a  very  slight  but  still  certain  elevation  above  the  normal.  In  a 
few  cases,  it  must  be  admitted,  no  tension  surpassing  the  normal  can  be 
demonstrated  even  witlj  the  tonometer. 

In  consideration  of  the  fact  that  in  glaucoma  simplex  marked 
external  symptoms,  and  sometimes,  indeed,  even  any  increase  of  ten- 
sion, are  wanting,  we  are  thrown  back  upog  the  Qi;^^|^[|filpin«ropifi 
ftYflmination  for  tb^  ^i^|^ft[^iiwhm#>p^.  of  f |]p  di^y^inaig  Such  an  exami- 
nation show^  the  presence  of  a  total  e3<;fifiv«Hr>n  nf  f.h^  ^p|in  m^rva  the 
depth  of  which  corresponds  to  the  duration  of  the  process. 

The  suh^<;^f;ti^^  avmnt.oms  of  glaucoma  simplex,  since  the  inflamma- 
tory attacks  and  the  pain  are  wanting,  consist  almost  exclusively  of  the 
disturbanoe  of  vision^  This  manifests  itself  by  gradual  diminution  of 
the  sight,  and  in  many  cases  also  by  transient  slight  attacks  of  obscura- 
tion, like  those  belonging  to  the  prodromal  stage  of  inflammatory  glau- 
coma. The  decrease  in  vision  fiyprP>«^Rfts  it.splf  in  ^  pontrRction  of  the 
field  of  vision,  as  well  as  m  a  diminution  oLthe  central  visual  acuity. 


GLAUCOMA, 


475 


le  diminution  in  central  vision  often  develops  Jate,  when  the  field  of 
rision  häö   alreMy   become  very  äuiiill,  ho   timT  not    infrequently   the 
jatients  are  still  in  a  condition  to  read   or  carry  on  fine  work,  while 
|bey  arerscarcdy  ilhl^  to  gu  abouLaov  looirei-^one  (see  paiL!;e  104),    Be- 
fore this  point  IS  attained,  generally  a  long  time  (even  many  years)  ha« 
lapsed,  inasmuch  as  the  reduction  of    vision  takes  place  very  slowly 
*and  graduaUy.     For  this  reason   the   patient   himself   often   does  not 
become  aware  of  the  existence  of  his  disease  until  late.     The  bhnded 
pye  may  either  remain  always  sound  externally,  or  those  inflammatory 
It  tacks  which  are  characteristic  of  inflammatory  glaucoma  may  occur 
— often ^  indeed,  before  the  blindness  has  become  complete.     Glaucoma 
^Mimplex,    accordingly,    not    1  nf reo uent ly    changes    J nt o    i nflam mat ory 
^Khiucoma. 

^F       (jlaucoma  simplex  always  attacks  both  eves.     In  contradistinction 
^Bo  inflammatorv  glaucoma,  it  sxTmetimes  occurs  in  young  people,  and 
^Bttaeks  men  as  frequently  as  women.     It  is  also  found  in  myopic  eyes, 
which  have  a  sort  of  immunity  against  inflamomtory  glaucgma. 


Hydrophthalrfius. — Hvdrophthalmus    is    a    diseB.qf^    nf    f^hildhnnH 
The  eye  is  of  unusual  size  (hence  called  buphthalmus,  ox  eye).    The  thin 
[»lera  is  bluish,  in  consequence  of  the  uveal  pigment  appearing  through 
(t;  the  cornea  is  larger  and  €4ther  clear  and  lustrous  or,  as  in  inftamma- 
:)ry  glaueomat  dull  and  diffusely  clouded.    The  anterior  chamber  is  un- 
isualjv  deep,  the  iris  is  tremnlous,  and  the  papjlla.jifter  the  pr€>cess  has 
^tPi^t  -i  liFPttv  ln[iy^  time,  is  deoolv  excavated.     The  tension  of  the  eye 
considerably  increased . 
The  disease  may  come  to  a  stop  spontaneously,  or  may  continue 
until  it  produces  blindness.     In  the  former  case,  the  increase  of  tension 

iubsides  after  a  time;  the  unnatural  bigness  of  the  eyeball  persists, 
ndeed,  but  does  not  increase,  and  the  eye  retains  a  moderate  amount 
if  sight,  the  degree  of  which  is  nuiinly  dependent  upon  the  condition  of 
he  optic  nerve.  In  the  second  case,  the  enlarge ment  of  the  eye  keeps 
in — sometimes  until  quite  extraordinary^  dimensions  are  attained — 
jid  in  the  mean  time  complete  blindness  ensues. 
The  diseasejs, either  congenital  or  develops  in  the  first  year  ftf  in- 
fancy, andiene  rally  in  btuh  eves.  Heredity  phiys  an  im[)ortant  pa  r  t 
in  its  production.  The  nature  of  the  disease  has  not  yet  been  fully 
cleared  up,  but  increase  of  tension  is  certainly  the  most  important  factor 
in  it,  leading,  f>n  the  one  hand,  to  the  enhirgemeiit  of  the  eye,  and,  on 

■the  other  hand,  to  blindness  through  excavation  of  the  optic  nerve. 
For  this  reason  hydrophthalmus  is  also _called  the  .glaucoma  of  j-hild- 
hood.  Its  difference  in  external  appearance  Trom  the  ghiucoma  of 
adults  is  accounted  fcir  in  the  main  by  the  physiological  properties  of 
the  eye  in  childhood.  The  extensibility  of  the  sclera  in  childhood  renders 
pit  possible  for  the  heightened  pressure  to  result  in  enlargement  of  the 
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eye  as  a  whole.  In  the  eye  of  the  adult,  however,  the  rigidity  of  the 
sclera  permits  of  its  expansion  through  increase  of  pressure  only  at  its 
weakest  spot — namely,  at  the  lamina  cribrosa. 

In  hydrophthalmus  the  expansion  of  the  coats  of  the  eye  is  due  to  increased  pressure 
acting  on  their  inner  surface.  Hence  we  can  comprehend  that  the  lens  does  not  share  in 
this  enlargement,  since  it  has  to  hear  the  pressiire  on  its  external  surface.  The  lens,  there- 
fore, is  the  only  part  of  the  hydrophthalmic  eye  that  retains  its  normal  dimensions — ^in 
fact,  it  not  infrequently  falls  behind  them.     Hence  the  lens  is  too  small  compared  with 

groj 

fixation  >  — «_^«.^____«-----i— — -^— ^  -  ^ ^ 

inducing  subsequent  changes  oi  posiuon  u^^^^^op)  of  the  lens,  with  their  disastrous 
consequences. 

Circumscribed,  usually  striate  or  band-like,  opacities  in  the  cornese  of  hydroph- 
thalmic eyes  depend  upon  spontaneous  ruptures  of  Descemet 's  membrane  due  to  stretch- 
ing (cf.  page  319). 

Hvdronhthftlmufl  mav  also  be  a  8yDap|ffm  r^  -»^»^r^fih^r^ntr.^^^  TTif'^'^V"^  (Reckling- 
hausen's disease),  which  is  compounded  of  a  number  of  changes,  mostly  congenital.  These 
changes,  which,  it  must  be  admitted,  are  never  all  found  together  in  the  same  individual, 
are — in  the  skin,  multiple  neurofibromata,  fibrous  mollusca,  and  flat  pigment  moles;  on 
the  face,  neuroma  plexiforme  and  lymphangioma  of  lids  and  orbit  and  imilateral  h3rper- 
trophy  of  the  face;  lastly  tumors  of  the  optic  and  auditory  nerves. 

For  the  anatomical  cause  of  increase  of  tension  in  hydrophthalmus,  see  §  86. 


The  relation  of  glaucoma  simplex  to  glaucoma  inflammalorium  has  been  the  subject 
of  manifold  discussions.  Since  glaucoma  simplex,  on  account  of  the  absence  of  in- 
flammatory symptoms,  is  entirely  different  externally  from  glaucoma  inflam matorium, 
it  was  not  recognized  as  glaucoma  at  all  until  the  discovery  of  the  ophthalmoscope. 
Even  Von  Graefe  did  not  originally  place  glaucoma  simplex  under  the  head  of  glaucoma, 
but  designated  it  as  amaurosis  with  excavation  of  the  optic  nerve.  Jäger  held  to  this 
view  imtil  the  last,  looking  upon  glaucoma  simplex  as  an  optic-nerve  lesion  sui  generis 
— a  "glaucomatous"  optic-nerve  lesion.  At  present,  however,  the  majority  of  ophthal- 
mologists rank  glaucoma  simplex  imder  glaucoma  proper,  since  it  has  in  common  with  it 
its  most  essential  symptom,  the  increase  in  tension.  The  interconnection  of  simple  and 
inflammatory  glaucoma  is  also  proved  by  the  nimierous  intermediate  varieties  which  form 
a  continuous  transition  from  simple  to  inflammatory  glaucoma,  so  that  no  sharp  line  of 
distinction  can  be  drawn  between  the  two.  A  glaucoma  simplex,  later  in  its  course,  often 
passes  into  acute  or  chronic  inflammatory  glaucoma,  and  cases  also  not  infrequently  occur 
in  which  inflanmiatory  glaucoma  is  present  in  the  eye  first  affected,  glaucoma  simplex  in 
the  oije  which  was  affected  afterward. 

SniTiP  p»i^^  nf  glaiifiomft  «imnlp^^  wi^fi  vpry  «light,  incrf^  of  tension  are  not  alwavs 
filftarjy  riiafinpiiifihahlp  f]v^»n  ainnpla  r^pfin-nnprp  5^tm^v  with  unusually  deep  atrophic  ex- 
cavation.  In  doubtful  cases  fi^Hng  of  f.h«>  t*n\n^  p^p rantinn  may  1  umish  a  diagnostic  guide. 
In  optic-nerve  atrophy,  color  blindness  sets  in  early,  w^ile  in  glaucoma  the  ability  to 
distingiPgn  colors  is  retamed  for  a  comparatively  long  tiqie.  — — — — — 

Theories  of  Glaucoma, 

84.  All  the  essential  symptoms,  of  glaucoma  can  be  accounted  for  as 
being  the  results  of  the  increase  in  pressure.  The  recognition  of  this  fact 
by  Mackenzie,  and  particularly  by  Von  Graefe,  was  the  most  important 
step  made  in  establishing  the  theory  of  glaucoma. 
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The  elevated  intra-(M/ular  pras.su re  hu,s.  a8  it8  first  result,  n  itisturlj- 
unce  oi"  the  i-ireulaliua  of  bltKKl  in  ^^l^ln^P■  the  essential  eharacter  of 
wbicii  IS  that  or  a  n'n(jui<  ^ii^s.  l^  heightened  tension,  that  ia,  brings 
about  a  eoinpretision  oi  the  vein«  in  the  interior  of  the  eye,  and  e.spe- 
cially  in  the  %*a.sa  vortieosa,  which,  on  aeeount  of  their  oblique  course 
through  the  sclera,  are  particularly  exposed  to  the  influence  of  the  intra- 
ocular p reassure.  The  lilood  HoivijiK  awav  frcun  tii^  uAea  is  }ienre  com- 
pelled, in_Kreat  part,  to  ft:i\*-\  rhnni^dt  i  he  anteri<>r  ciliary  veins:  these 
y^e  consequently  dilated,  ant  I,  in  old  ctusei^  of  glaucoma^  form  a  dense 
^«nous  network  encircling  the  cornea»  In  glaucuniu  sin.plex  the  symp- 
toms of  obstructed  circulation  are  confined  to  this  dilatation  of  the  an- 
terior rihary  veins  and  to  the  ophthalmoscopically  visil>le  distention  of 
the  retinal  veins.  But  in  infiarnnuitor)'  glaucoma,  in  whicii  the  increase 
in  tension  and  with  it  the  disturl>ance  of  circulation  set  in  suddenly, 
the^e  chariges  induce  the  phenomena  of  mlhufuftalortf  udeina  in  the 
same  way  as  the  incarceration  of  a  hernia,  for  example,  re^^ults  in  in- 
flammatory cedema  of  the  incarcerated  roils  of  intestine.  Inflammatory 
a?deina  is  characterized  liv  hyj:>eneniia  of  the  tissues  and  niarkeij  swell- 
ing, due  to  their  sertfus  infiltration,  while— in  contradistinction  to  plastic 
inflammation  -exudates  and  the  adhesions  i^rodured  l>y  them  are  want- 
ing. Accordingly,  the  symptoms  of  acute  intlanimatorv  glaucoma,  so 
far  as  they  affect  the  uvea,  for  example,  differ  greatly  from  the  clinical 
picture  of  an  irithi-ivclitis;  posterior  synerliue  are  oiiK  exce|>tionally 
observed  [p  it.  andT exudations  of  grciitt-t  dcirree,  such  as  h\;pnpy<ui . 
p u pi  1 1  u r V  n  10 m  1  > r u n es ,  etc.,  are  never  ol^served.  This  alisence  of  exuda- 
tion^  in  spite  of  the  violent  ext erna  1  s y m jit o nis  of  inflammation,  is,  in 
fact,  ju.st  the  characteristic  feature  of  inflammatory  a  dema.  This 
cedema  finds  different  expression  in  the  dilTerenl  portions  of  the  eye: 

«1.  The  corneal  cloudinem  of  glaucoma  is  an  o'denui  of  the  cornea, 
has  been  proved  by  anatomical  investigation.  pTom  this  can  be  un- 
derstood the  suddenness  of  development  of  the  corneal  cloudiness,  and 
also  the  promptness  of  its  recession  ui>on  reduction  of  the  pressure— 
e,  g.»  after  puncture  of  the  cornea,  or  iridectomy.  If  we  were  dealing 
with  an  inflammatory  infiltration  of  the  cornea — i,  e..  with  a  keratitis — 

■|  could  not  possibily  disapi>ear  again  within  a  few  hours. 

0  2.  Infiammatory  rrdenia  of  ike  iris  manifests  itself  mainly  by  dis- 
coloration and  by  the  obliteration  of  the  details  of  its  structure.  The 
anterior  chamber  becomes  shallower,  becau^se  the  lens  is  Dressed  forward 
together_with  the  irisrin  consequence  of  the  elevation  of  pressure  in  the 
vitreous  chamber.  Added  to  this  there  is  a  d is nl a c e m e n t  f o r^v a rd  of 
the  attachment  of  the  iris— that  is,  the  greatly  swollen  ciliary  pro- 
cesses presset  he  root  of  tlje  iris  forward,  so  that  it  is  applied  to  the  most 
anterior  portif>n  of  the  sclera  and  to  the  margin  of  the  cornea  (Fig. 
217),  Consequently,  the  iris  appears  to  take  its  origin  farther  forward 
(Figs.  217  and  218).  The  ciliary  nerves  are  compressed  and  paralvzed 
3y  the  high  intra-ocular  pressure:   Bence  tliejnsensitiveness  of  the  cor- 
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nea  and  thft  pftralys^^  f}i  t>iP  irj,q  (iridoplegia)  with  which  are  associated 
Hilfltftt.ion  Rn^  losa  nf  rPRPt.jnn  of  t\\^f^^  vfupU  The  dilatation  afterward 
increases  still  more  in  consequence  of  the  atrophy  of  the  iris,  that  de- 
velops as  a  result  of  the  pressure  exerted  upon  the  latter. 

3.  The  redness  and  clouded  appearance  of  the  papilla  of  the  optic 
nerve  during  the  inflammatory  attack  are  caused  by  hyperemia  con- 
bined  with  some  oedema;  the  excavation  which  subsequently  takes 
place  is  the  direct  result  of  the  elevation  of  pressure. 

The^  violent  pain  in  inflammatory  glaucoma  is  excited  by  the  com- 
pression of  the  exTremelv  nnmprf^^iR^aensory  nerves  of  the  ciliary  body 
and  the  iris. 


Fio.  217. 


Fio.  21S. 


Flo.  217.— Ihi»  AND  Ciliary  Body  in  Recent  Inflammatory  Glaucoma.  Maccnified  9X1. 
The  ciliary  process,  c,  is  so  greatly  swollen  that  it  pushes  the  root  of  the  iris  forward  and  preaees  it 
against  the  sclera,  S,  and  the  cornea,  C.  The  sinus  of  the  anterior  chamber,  which  should  lie  some* 
what  behind  Schlemm's  canal,  «,  is  thus  closed.  The  ciliary  muscle  shows  the  pronounced  develop- 
ment of  the  circular  muscular  fibers  (MQller's  portion),  characteristic  of  the  hyoermetropic  eye. 

Fio.  218. — Iris  and  Ciliary  Body  in  Old  Inflammatory  Glaucoma.  Magnified  9X1.  The 
dotted  line  gives  the  outline  of  the  iris,  /i,  and  the  ciliary  body,  ci,  in  the  normal  condition.  The  root 
of  the  iris  is  adherent  to  the  sclera.  S,  and  the  cornea,  C,  wherever  it  has  been  pressed  against  them 
by  the  ciliary  body.  The  attachment  of  the  iris  is  hence  displaced  forward  and  lies  m  front  of 
Schlemm's  canal,  s.  So,  too.  the  sinus  of  the  anterior  chamber  is  displaced  from  6  to  a.  Wherever 
the  iris  has  become  adherent,  it  has  been  thinned  through  atrophy,  so  tnat  in  places — 6,  for  example — 
it  consists  of  scarcely  anything  more  than  the  pigment  layer.  Even  the  free  portion  of  the  ins.  /, 
appears  in  consequence  of  its  atrophy  narrower  tnan  the  normal  iris.  /i.  Over  the  pupillary  border,  «, 
tne  retinal  layer  of  pigment  turns  forward  farther  than  usual,  and  the  sphincter  pupilln.  p.  also  shares 
to  some  extent  in  this  eversion.  The  ciliary  body,  owing  to  its  having  become  atrophic,  has  again 
separated  from  the  iris,  and  in  fact  more  so  than  in  the  normal  condition,  so  that  it  is  now  removed  from 
the  iris  by  a  broad  interval.     The  atrophy  affects  both  the  ciliary  muscle,  m,  and  the  ciliary  prooem,  c 


Thus  all  the  symptoms  of  glaucoma  are  accounted  for  by  the  one 
fact  of  the  increase  in  tension.  The  disturbance  of  vision^  too,  is  the 
result  of  the  heightened  intra-ocular  pressure,  which  causes  it  in  differ- 
ent ways,  according  as  we  are  dealing  with  inflammatory  glaucoma  or 
glaucoma  simplex.  In  infiammaiory  glaucoma  the  disturbance  of  vision 
is  brought  about  by — 

(a)  The  glaucomatous  opacity  of  the  cornea,  which  affects  chiefly 
central  vision,  and  that,  too,  to  a  marked  degree,  on  account  of  the 
uniformity  of  its  diffusion. 

{h)  The  ischflfmia  |^f  tJlP  '•^^^lifli*'  due  to  the  compression  of  the  retinal 
arteries,  by  which  is  caused  the  contraction  of  the  field  of  vision.    This 


GLAUCOMA.  ^^r  479 

eompfession  makes  itself  felt  first  in  those  sections  of  the  arterial  cluin- 
ael  m  which  tlie  blood  preäi>ure  iö  loweöt»  But  biiice,  the  blotd  pres- 
sure in  the  vetisels  is  les8  the  farther  we  get  awiiy  from  the  heart,  the 
terminal  expa^sioll£^  uf  the  arteries,  lying  m  the  tteripherv  uf  the  ret  in  a 
are  tirst  atjectetl  \>y  the  cülnll^ei^^ion■  Hence  the  periphery  uf  tlie  retina 
firüit  iK*comes  nuserusitive  tu  iight^  a  thing  which  manifesto  itself  by  con- 
tnu'tion  of  the  lieid  ol'  vision.  Moreover,  the  iseha^tnia  does  not  be- 
come apparent  in  all  parts  of  the  retina  at  once  or  in  equally  high 
degree.  8ince  the  papilla  of  the  optic  nerve,  and  with  it  the  point  of 
entrance  of  the  retinal  vessels,  lie  tu  The  nasal  siiie  of  the  postenur  pole 
of  the  eye^  these  \^e sse h  hiix c  a  g r ea t e r  d i s t a n ee  t o  t r a v e  1  J 1 1  gf n n g  t n  t h e 
temporal  nuy gin  of  tlve  retina  than  to  the  nastiFinarKio ■  The  furmer 
18  therefore  tirst  affected  Ivy'  tlie  ischamiia,  so  thaTthe  lioiitation  of  Tlie 
field  of  vision  begins  generalTy  at  its  nasal  margin. 

'Both  the  opacit^^of  the  cornea  and  the  acute  iseha^mia  of  the  retina 
belong  solely  to  inflammator}*  glaucoma,  and  it  is  they  which  are  the 
principal  eause  of  the  very  great  reduction  of  sight  during  the  acute 
attack  of  glaucoma.  They  are  of  transitory  nature,  disappearing  again 
ad  the  elevated  tension  abates,  and  at  the  same  time  with  their  disap- 
pearance  an  improvement  of  the  acuity  of  central  vision  and  an  en- 
largement of  the  tick!  of  vision  set  in. 

(r)  In  the  third  place,  the  actiltv  of  vision  Is  diminished  bv  direct 
pressure  upon  the  ootic-nerve  hbers  and  their  consequent  atrophy — 
atrophy  w^hich  takes  place  during  the  fornmtion  of  the  glaucomatous 
excavation.  The  ihsorder  of  vision  thus  jiroducetl  is  permanent^  since 
the  atrophy  of  the  optic-nerve  fibers  is  irreparable. 

In  glaiicoma  simplex  the  two  first-nanied  factors  are  wanting.  The 
disorder  of  vision  is  here  caused  solely  by  the  excavation  and  simulta- 
neous ntruphy  of  the  papilla  of  the  optic  nerve. 

Explanation  of  the  Increase  of  Tension. — Easy  m  it  is  to  deduce  the 
symptoms  of  glaucoma  from  the  elevation  of  tension,  it  is  quite  as  dif- 
ficult  to  account  for  the  origin  of  the  latter,  and  thus  explain  the  es- 
sential nature  of  glaucoma.  Of  the  many  theories  which  have  hitherto 
been  propounded  upon  this  subject,  no  single  one  is  satisfactory  in  every 
respect.  Only  the  most  important  of  them  will  be  adduced  here^  and 
that  mainly  with  the  object  of  showing  upon  what  circumstances  in- 
crease of  tension  in  general  dc^pends. 

The  intra-ocuhir  pressure  is  determined  by  the  rehdion  lietween  the 
internal  capacity  and  the  elasticity  of  the  enveloi>es  of  the  eyeball,  on 
the  one  hand,  and  the  amount  of  its  contents,  on  the  other.  If  the 
latter  factor  increases  or  the  former  factors  diminish,  the  pressure  is 
elevated.  An  alteration  of  the  internal  capacity  of  the  envelope's  of  the 
eyeball  can  not  be  lirought  in  to  account  for  the  increase  of  pressure, 
sinee  the  volume  of  the  envelopes  of  the  eyeball,  as  a  w^hole,  is  unalter- 
able. In  advanced  life,  to  be  sure,  the  sclera  is  not  only  more  rigid,  but 
also  a  little  contracted;   but  the  diminution  in   volume  so  caused  is 
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extremely  slight.  We  must,  therefore,  look  for  the  cause  of  the  eleva- 
tion of  teasion  in  an  increase  in  tne  amount  of  tne  contents  of  the  eye- 
ball, the  envelopes  of  tne  eyeball  being  at  the  same  time  not  sulticiently 
elastic  to  adapt  themselves  to  their  increased  contents  without  marked 
heightening  of  the  pressure.  Now  the  amount  of  matter  contained  in 
the  eyeball  depends,  on  the  one  hand,  upon  the  amount  of  ocular  fluids 
which  are  constantly  being  secreted  by  the  blood-vessels,  and,  on  the 
other  hand,  upj.i  tae  quantity  of  fluid  which  leaves  the  eye  again 
through  the  lymph  passages;  it  corresponds,  that  is,  to  the  relation  be- 
tween inflow  and  outflow,  between  secretion  and  excretion. 

In  the  nor.nal  eye  this  relation  always  remains  about  the  same, 
since  with  any  increase  of  the  inflow  the  liquid,  which  is  now  subjected 
to  an  increased  pressure,  also  leaves  the  eye  more  quickly,  so  that  the 
normal  pressure  is  soon  restored.  For  anjy  permanent  increase  of  pres- 
sure to  occur,  a  disturbance  of  this  self-regulating  artion  must  be  present. 
Sucli  a  disturbance  can  be  looked  for  only  in  the  excretory  appa- 
ratus,  for  so  long  as  this  works  normally,  every  increase  in  the 
amount  of  fluid  would  soon  be  compensated  for  by  increase  in  the  out- 
flow. But  if  the  outflow  is  interfered  with,  a  normal  or  even  a  diminished 
inflow  of  liquid  must  leaH  nltipiRtpiv  to  over-distention  of  the  eve- 
ball.  Consequently  the  explanation  that  is  accepted  by  most  authori- 
ties at  the  present  time  to  account  for  the  increase  of  tension,  namely 
the  theory  of  Knies  and  Weber,  presupposes  a  disturbance  of  the  out- 
flow. The  most  important  path  for  the  outflow^  lies  in  the  si  mis  y^hp> 
anterior  chanber  and  passes  through  the  ligamentum  pectinatum  ijto 
Schlemm*s  canal.  It  is  at  this  spot  that  the  obstacle  must  be  looked 
for.     Such  an  obstacle  is  produced  in  the  following  way: 

A  genuine  glaucoma  develops  only  ii^  an  eye  whip[]  has  a  nredis- 
pos Uion  to  it.  This  predisposition  depends  on  insufficient  spatial  rela- 
tions.  These  affect  the  eye  as  a  whole  and  particularly  affect  the  region 
of  the  an'^erior  and  posterior  chambers.  JThey  are  afforded  by:  1, 
Smallness  of  the  eye  as  a  whole;  2,  Shallowness  of  the  anterior  cham- 
ber; 3,  Undue  protrusion  of  the  ciliary  processes;  4,  Disproportionate  size 
of  the  lens  (Fig.  219) Jj  Such  relations  appertain  to  the  hypermetropic 
eye  when  it  has  become  old.  The  hypermetropic  eye  as  a  whole  is  smaller 
than  the  normal  eye,  its  anterior  chamber  is  shallower,  and  its  ciliary  proc- 
esses protrude  more  than  usual  toward  the  lens  because  the  ciliary  muscle 
is  hypertrophied  on  account  of  the  constantly  maintained  accomoda- 
tion. Yet  the  lens  in  such  eyes  is  no  smaller  than  it  is  in  the  emme- 
tropic eye.  And,  as  regards  the  lens,  there  is  the  additional  fact  that 
it  increases  in  size  progressively  with  advancing  age,  and  yet  the  eye 
itself  grows  no  larger,  so  that  ultimately  the  lens  becomes  too  big  for 
the  eye.  Hence,  the  hypermetrope  does  not  get  glaucoma  as  long  as 
he  is  young,  but  gets  it  only  when  with  advancing  age  his  lens  has  be- 
come too  large,  for  then  the  space  between  the  lens  and  ciliary  processes 
becomes  too  narrow.    It  is  through  this  space — the  circumlental  space — 
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that  the  lymph  flows  from  the  vitreous  to  the  aqueous  ca\dty*  When 
this  space  Ls  contracted  the  lymph  became*^  dammed  up  in  tlie  vitreous. 
JThe  hitter  consequently  increases  in  volume,  pushes  the  lens  and  iris 
jrward,  and  thus  makes  the  anterior  chnrnber  still  shallower.  An 
ptual  inereaäe  of  tension  however»  is  not  yet  present  in  such  an  eye 
Bcause  the  sinus  of  the  chaml>er  is  still  present,  so  that  an  increased 
fnount  of  aqueous,  such  i\ä  would  correspond  to  the  increased  volume 
the  vitreous,  can  be  still  discharged  exteriorly.     An  actual  attack  of 
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Fio,  219. — Schematic  RRPRBSENTA-noN  or  the  Pbeoispobition  to  Glaucoma. 

Tlv  II  line  porre^ponrls  to  ih*»  spatial  relBtkm.^  ui  tll«^  young  emmernipic  i*yc,  thf  riorted 

?  1*1  I  -  in  the  itenile  hypermc^iropic  cyp.    In  tUr  lattt?r  the  ciliüry  hotly  jut*  further  forwanL 

>  in  >"i.    lowing  lit  the  increa/«e  uf  iIj*  equaturial  cirrumferpiice,  itr*  marjriD  e\ii?ini«.  furrli«>r 

IMri^nhery,  iind,  owing  lu  the  eatargeziient  of  the  icagittiü  diameter,   ih«  ihc  is  pU!*heiJ  for- 
r»0  that  ;he  anterior  fhambpr  i«  jthaUowt-r.     Tht»  lij?iire  haj^  name  rcflerahlanw  to  Fik.  3*37,  whicii 
,_^üt*  Ol**  proce**  of  accommocJatioii.     The  itiipurtaiit  ilifft»rf!ni'«!  Hx^rweniMi  the  Iwd  coii^int*  in  the 
[  that  tit  the  latti^r  fii5tire  the»  n>arj£in*<  of  i}w  lens  recede  by  the  .^aoie  amount  that  the  eiliary  bixly 
..      .*,  p*o  (hat  the  circiimlental  ppaco  remains  of  equal  wiflth.     In  Vm,  2U*  on  the  rontrary  the  eihary 
dy  and  the  mamin  of  tht*  lt«n>i  aihüncc  toward  each  other  and  thu?^  contract  tlie  circumlental  »pace. 


jlauconra  doe.s  not  occur  in  the  predisposed  eye  until  thi.s  passage  of  out- 
>w  is  blocked.  This  takes  place  froni  closure  of  the  sinus  of  the  eham- 
BT,  as  \H  produced  by  tiome  one  of  those  causes  which,  we  know,  can 
tcite  an  attack  t»f  glaucoma.  The  exciting  causes  of  this  sort,  that  w^e 
re  acquainted  with,  are  disturbances  in  the  circulation  of  the  bk^od 
id  dilatation  of  the  pupil. 

Let  us  to  begin  with  consider  the  first  case,  a  stasis  of  blood  in  the 
ireins  of  the  greater  circulation.  In  the  eye  such  a  stasis  makes  itself 
apparent  principally  in  the  ciliary  processes  vvhicli  are  extremely  rich  in 
ireins.  The  ciliary  processes  consequently  swell  up  and,  ns  the  circum- 
&ntal  space  is  so  narrow,  soon  extend  to  the  margin  of  the  lens.  In  this 
31 
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way  the  communication  between  the  vitreous  cavity  and  the  anterior 
chamber  is  still  more  interfered  with,  and  the  vitreous,  owing  to  the 
retention  of  lymph,  swells  up  to  a  still  greater  extent  than  before,  and 
pushes  forward  still  more  strongly  upon  the  swollen  ciliary  processes. 
Since  the  latter  are  already  abutting  against  the  margin  of  the  lens, 
they  can  give  way  toward  the  front  only.  They  swell  forward  into  the 
posterior  chamber  until  they  reach  the  root  of  the  iris,  and  jam  the 
latter  forward  against  the  comeo-sclera  (Fig.  217).  But  in  so  doing  the 
iris  shuts  up  the  passage  of  outflow  for  the  aqueous,  and,  hence,  the 
intra-ocular  pressure  at  once  necessarily  rises.  In  this  way  a  glau- 
comatous attack  is  brought  about. 

A  glaucomatous  attack  in  a  predisposed  eye  may  also  be  set  up  by 
dilatation  of  the  pupil  (as  a  result  of  psychical  excitation,  or  by  mydri- 
atics, etc.).  When  the  his  grows  narrow  in  the  process  of  dilatation 
of  the  pupil,  it  increases  correspondingly  in  thickness.  If  this  takes 
place  in  an  eye  which  has  markedly  projecting  ciliary  processes,  on  the 
one  hand,  and  a  shallow  anterior  chamber,  on  the  other,  the  thick  iris 
will  block  the  narrow  sinus  of  the  chamber  (Fig.  220)  and  thus  excite 
increase  of  tension. 

If  the  swelling  of  the  ciliary  processes  soon  recedes,  or  the  pupil 
soon  contracts  again,  the  iris  returns  to  its  former  position,  the  sinus  of 
the  chamber  becomes  free,  the  tension  falls,  and  the  attack,  being  in 
this  case  simply  a  prodromal  one,  passes  off.  If  on  the  other  hand  a 
return  to  the  normal  condition  does  not  take  place  soon,  the  root  of  the  iris 
becomes  agglutinated  to  the  corneo-sclera,  and  out  of  this  agglutination 
an  adhesion  afterward  develops  (Fig.  218).  Then  a  return  to  the  normal 
conditions  has  become  impossible,  and  the  glaucoma  is  permanent. 

The  older  theories  of  glaucoma  endeavored  to  account  for  the  elevation  of  tension 
by  attributing  it  to  an  increase  in  the  volume  of  the  eyeball  due  to  an  increase  of  the 
inflow: 

Von  Graefe  assumed  the  existence  of  an  increased  excretion  of  fluid  by  the  vessels 
of  the  chorioid  as  a  result  of  inflammation  of  the  latter.  Since  the  ophthalmoscopic 
symptoms  of  chorioiditis  are  generally  wanting  in  glaucoma,  Von  Graefe,  to  get  over 
this  difficulty,  assumed  the  existence  of  what  he  called  a  serous  chorioiditis,  the  nature 
of  which  was  supposed  to  consist  in  a  serous  transudation  without  any  coarser  ana- 
tomical changes. 

Bonders  ascribed  the  increased  secretion  on  the  part  of  the  chorioid  to  the  in- 
fluence of  the  ciliary  nerves.  He  looked  upon  glaucoma  simplex  as  the  typical  form 
of  glaucoma  because  it  was  not  complicated  with  inflammation.  Hence  he  could  not 
consistently  look  for  the  cause  of  the  increased  excretion  of  fluid  in  an  inflammation 
of  the  chorioid.  Rather,  he  supposed  it  to  originate  in  an  irritation  of  the  chorioidal 
nerves,  being  thus  a  sort  of  neurosis  of  secretion,  just  as,  for  example,  increased  secre- 
tion takes  place  in  glands  upon  irritation  of  certain  nerves. 

Stellwag  referred  the  elevation  of  tension  not  to  increased  excretion  of  fluid,  but 
directly  to  the  increase  of  blood-pressure  in  the  vessels  of  the  interior  of  the  eye.  The 
pressure  which  the  blood  exerta  on  the  vessel  wall  is  borne  only  in  part  by  the  latter; 
so  far  as  the  vessels  expand  under  the  influence  of  the  blood-pressure  they  transmit 
a  portion  of  this  pressure  to  their  surroundings.  The  blood-pressure  in  the  intraocular 
vessels  accordingly  forms  an  important  item  in  the  sum  total  of  intra-ocular  pft«8ure. 
so  that  its  elevation  has  as  its  direct  result  an  increase  in  the  ocular  tension  as  a  whole. 
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The  interior  vessels  that  are  to  be  considered  in  this  connection  belong  principally  to 
the  uvea,  that  being  the  most  vascular  portion  of  tJieeye.  The  elevation  of  tiie  bloud- 
preaeurß  in  the  veeaek  of  this  part  is  therefore,  according  to  Stellwag,  the  direct  cause 
of  glaucoma.  It  makes  it^  appearance  in  conäequenc«  of  obstruct  ions  to  tbe  circulation, 
which  affect  mainly  the  region  of  the  vasa  vorticosa,  and  are  brought  alx^ut  by  di- 
minished elasticity  and  shrinkage  of  the  sclera;  for  those  sections  of  the  vaaa  vorti- 
oosa  which  pass  with  a  very  oblique  course  through  the  sclera  are  liable  to  compression 
whenever  the  latter  shrinks. 

Against  these  theories  the  objection  must  be  nmde,  primarily,  that  an  tncreaae 
in  the  inflow  or  an  overHlietention  of  the  vesaeb  can  not  by  ttiemselves  account  for 
the  elevation  of  tension,  since,  if  the  conditions  are  otherwise  normal,  an  increase  in 
the  contents  of  the  eyeball  is  immediately  et^mpensateii  for  by  the  increased  outflow. 
If  a  few  drops  of  liquid  are  injected  into  a  healthy  living  eye^  and  the  intra-ocular  pres- 
sure ifl  thus  heightened,  it  returns  to  the  normal  again  after  a  short  time,  since  a  eorre- 
»pondingly  greater  amount  of  liquid  flows  off  through  the  lymph  channels.  If  we  ligate 
the  vena  vorticosa  at  their  point« 
of  exit  from  tbe  eye,  we  get  an  in- 
crease of  tension  in  the  sense  of 
Stell  wag's  theory,  but  it  is  not 
permanent. 

I'he  fotmdation  foi^  the  vjpw.'h 
that  now  prevail  wr're  laid  by  J<^nies. 
who  was  the  firttt  tn^iow  fhat^  Die 
peripheral  adhcs ton  ol'  the  ms , 
which  had  [leeii  "airt'july  kri*>wD  to 
exist,  occurred  ijuilc  rt*,gularly  in 
glauconiatoiLs  eyes,  so  that  he 
brougni  li  m{o  causal  connection 
with  the  glaucoma.  He  cxpltiined 
the  adhesion  itself  as  Ijeing  due  to 
an  adhesive  inflammation  in  the 
vicinity  of  the  sinus  of  the  chamber. 
But  almost  simultaneoasly  Weber 
by  examining  a  recent  ease  of  glau- 
coniu  proved  that  the  cause  of  the 
obliteration  of  the  simts  was  not  in- 
flammation but  the  pushing  forward 

of  the  iris  by  the  HWüUen  ciliary  pmcesscH.  Priest  toy  ^ mit  h  t  hen  dcmonKtrated  t  hat  glau- 
comatoiLs  eyea  an*  <>it  the  tneiag^^  sinälU^r  thrni  rutrtTial  eyey,  ant  J  \m  ve  c  om  para  t  i  ve  J  y 
large  lenses;  lie  :iUn  uas  tTat*  tvrsMo_ri-t;Qgri|2C  tlmt  the  lens  cnntinue.s  to  grow  even 
lafc'm  lite.  He  al^^d  yilOlVI'/l  ho'w  ("hi^^iickonlng  of  thc"iris,  that  occurs  Huiiulläncöüsly 
with  tiie  dilatation  of  the  i)upil,  acts,  it  ia  not  the  root  of  the  iria  that  in  lhi.H  case  i» 
pushed  against  the  cornea,  for  the  root  of  the  iris  ia  v<-ry  thin.  But  directly  to  the 
inner  side  of  the  root  the  iris  attains  its  full  thickne.s.s^  s*j  that  liere  its  antenor  surface 
turns  up  and  passes  abruptly  forward;  ami  it  is  thiw  point  {u  m  Fig.  220)  that  first 
comes  into  cont*itct  with  the  ptjsterior  surface  of  the  cornea  when  the  iris  i.s  thickened. 
In  this  way  the  siniLH  ia  closed  off  so  a»  to  form  a  ring-ishaped  space  which  no  longer 
communicates  with  the  anterior  chamber  Then  in  both  anterior  an(J  fxjsterior  cham- 
her»,  the  pressure  rises  and  forcen  the  most  peripheral,  or  root  portion  of  the  iria  against 
the  sclera.  The  return  to  normal  conditions,  sucli  as  occtirs  in  the  case  of  the  prodro- 
mal attacks,  Czermak  account«  for  utxni  the  supposition  that  owing  to  the  increase 
of  iffision  a  state  of  irritation  sets  in,  which  by  reflex  action  chubcs  contraction  of  the 
pupjl,  so  that  the  iris  i«  again  drawn  away  from  the  rornea.  But,  in  order  for  this  to 
take  place,  it  is  necessary  that  the  sphincter  pupillre  should  be  strong  enough»  and, 
moreover,  no  adhesion  must  have  formed  between  the  iris  and  the  cornea. 

Even  the  present  theories  arc*  not  free  from  obje^vtions.     80  far,  no  explanation 
of  glaucoma  ha«  yet  been  propounded  which  is  satiäfactory  in  every  respect.     The 


Fio,  220.— liua  AMD  CiLiAitY  Body  in  a  very  Htpbr- 

METHODIC  EtE  in  Dil.  at  ATI  on-   Or  tu  IS  PL'FIL.. 

Magnified  9  X  1. 

The  iris  i*  mi!itract<*d  and  thtckeinwJ.  so  that  at  a  it 
(Hinif'.M  into  etttilart  with  thp  po-teritir  AUrfaco  of  the 
ojrnea  and  ciit;^  off  ihft  t>imtn  irom  thp  ri?st  of  the  »n« 
tcrior  chatnbfir.  TK«5  ciliary  V>ody  i«  uuu»iiiaJly  Iftrge ;  the 
circumlpQtal  -^pace  narrow. 
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readon  for  this  is  {jerhaps  to  be  fntmd  in  the  statement  that  all  cases  of  pnmary  0&\ 
cinna  probably  do  not  dcnclup  in  the  same  way,  so  tliat  one  explanation  could  ooC' 
possibly  tit  all  cases.    Ami,  in  [mrticular,  it  might  l>e  possible  that  (B^laucoma  simplex 
and  inflammatory  glaucoma  wotiiti  have  to  be  referred  lo  different  cause«. 

Anatomy  of  Gi^aucoma. — In  the  rom^n  the  caime  of  the  eloadine.ss  ia  found 
be  ccKiemaof  the  epitheliutn.     The  fluid  producing  ihe  tedema  is  found  under  the  fori 
of  minute  drops,  betwettn  liowman'«  membrane  and  the  epithelium,  and  also  between' 
and  in  the  epithelial  rells  themselves  (Fig.  221),    Even  thnugli  this  liquid  itself  may 
quite  clear  it  miLHt  caime  n  rloudinoas  of  the  whole  epithelial  layer,  if  it  has  an  index 
of  refnietiofi  dilTering  fmm  that  of  the  epithelial  cells.     The  dulltiess  of  the  cometl 
surface  is  due  to  the  fact  that  tlie  epithelial  eel  is  are  forced  apart  by  the  hquid  and  ai 
pushed  up  in  places  bo  that  the  surface  of  the  cornea  h  covered  with  minute  inequi 
ilies  (Fig.  78).    When  this  cicvatiott  of  the  epithelium  tak«»  jilace  over  a  pretty  li 
ar<*a.  Rtnall  vesieles  are  formed  upon  the  syrface  of  the  cornea» 
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Tio.  221— CoRNmAL  EirreKLiuM  in  a  Case  op  Ikcbeabc  or  Tension»    Macnified  500  <  ] 

The  flpeHpimen  Wiut  froit»  a  cai**  in  which  increajie  of  teiiKion  »*«t  m  aft42r  irido-cyelitw.     C, 
chyma  of  tK«  cornea  wif  ti  the  flat  puclci  of  tb©  ooraeal  corpuflcli»*.    B,  Bowman's  nif^^mbmne,   th      _ 
which  in  I  wc»  placet»  ruinul©  nerve  filaments  arc  aeeo  paankiti:.    A*  the  anterior  eiids  of  these  tierve  fila- 
ments and  also,  at  other  spot:«  there  are  »oen  b«tw««n  the  basest  r*f  the  lowermo(*t  cylmdneat  C€sll#  ^fcnt 
eelbji  light'i^lored  nnindal  .tpneefli.  which  repnMent  very  iiiiniiite  droplet»  of  liquid.     The  hitea  ^ 
vlsiioa  between  the  fix)l  cell-*  are  »n  ifencral  reprewntefl  by  tij^hter  c<.»lof<*d  hnes,  which  imlic 
the  eelU  are  to  a  eertain  extent  preK-ie»!  apart  by  fluid  and  ibeir  interconnection*  broken  up. 
oth^  hand,  the  cell«  of  the  middle  layer  are  bordered  by  broad,  dark  line«-  reprp^-"^*  "^-^  '^h*»  ii 
ing  teetli  of  these,  the  pectinate  rells.     In  the  npperinoHt  layers  there  are  ntir  alte  ._ 

irnhibition  of  fluid.     In  the  eell  0.  ihi«  fluid  occupies  the  trreater  part  of  the  eel[  1  it  \hm\ 

ilM'lf  if»  ffdarjfwt.     At  6.  the  anterior  wall  of  a  cell  that  wa»  filled  with  fluid  hu--  ; -tu     At  r»  \ 

liqMeheit  content«  of  a  cell  have  been  evaeutited  tiiroujrh  a  nilc-uder  op*»ning.    Owinn  to  thew 
the  uppermfjflt  cell.*,  the  #tirfacc  of  t!ie  epjtheliurn  as  a  whole  is  uneven. 

In  the  »clera  an  increase  in  density  has  l^een  demonstrated,  and  alao  a  fatly  < 
generation  of  the  (it>erH,  wliirh  look  as  if  sprinkled  with  minute  drops  of  oil. 

The  mixifoufi  is  more  all>uttiim}U»,  atid  coajpilates  readily  in  the  air  and  in  liard- 
ening  fluids. 

live  Tnost  important  changes  affect  the  uvea.  In  recent  inflammatory  eases  il 
present.^  the  appearance?«  of  inflammatory  cedema^i,  e.,  infiltration  wnth  an  abundant^ 
readily  coaifulahle  hqtiid,  while  white  blrxxl  corpascles  tlmt  have  emigrated  from  thfl 

els  are  present   in  but  seanty  (uiitilxsrs;    but   what  .«strikes  one  most  of  all  i^  ll 
^inftrked  distention  of  all  the  venous  vensels,  in  i^onsequence  of  which  extravasation 
of  blood  are  produced  in  many  spcjts.    The  ciliary  proress^s  \x\  piirticular,  which  of  aÜ] 
the  structures  of  the  eye  pwsi'ss  the  most  veinn,  are  great ly  swollen  through  th©  turgid 
ity  and  distention  of  the  v^sspIk,  aivd  press  the  ro<it  of  the  ins  against  the  sclera  and 
the  cornea.     ThcHe  structures  l>eeome  agglutinated,  so  that  the  periphery  of  the  iri« 
rentain.^i  permanently  t^onnected  witli  the  sclera  and  cornea  (fjcriplieral  anterior  syne- 
chia), and  so  continues  even  when  later  on  the  ciliary  piroeesses  retract  again  away 
from  the  iris  (Fig.  21HK    Thii^  retraction  tttkea  phice  in  conaequcnce  of  the  mrophyJ 
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whleh,  after  the  subsidence  of  tlie  early  inflammatory  8>Tnp1oms,  sots  in  in  all  piirts 
of  the  uvea.  Iii  the  iris,  the  atrophy  hnds  t^xpix*»sion  in  its  l>eeoming  mirrowttr  und 
thinner,  lii^id  connect  ivo  tissue,  from  which  the  blutxl- vessel  a  have  for  the  most  jmrt 
disiippearedp  t>akes  the  place  of  the  delicate  network  r^f  anivstomosing  ceUs.  In  tlio 
vesseb  which  are  still  presei^t  the  walls  art!  thickcjnrd^  and  the  Iurnc»n  is  thus  contraclcd 
or  even  entirely  ohhterated  (Ulrich).  Tho  muscular  huntUcs  of  the  sphincter  pupillie, 
too,  Ijecon^e  atrophied.  The  part  which  is  best  preserved  is  the  retinal  pigment  layer, 
which,  by  the  great  shrinking  of  the  anterior  layers  of  the  iris,  is  drawn  conti nuidly 
farther  and  farther  forward  over  the  edge  of  the  pupil  (ectropion  of  tlic  pigment  layer; 
Fig.  218,  e).  Hence,  when  we  l(H)k  at  the  eye  from  in  front  we  find  the  margin  of 
the  pupil  encircled  by  an  unusually  broad  black  rim,  which  sometimes  covers  half 
the  breadth,  or  even  more,  of  tlie  surface  of  the  iris.  The  atrophy  attains  its 
greatest  height  at  the  root  of  the  iris — i.  e.,  at  that  part  whiclj  is  adherent  to  the  sclera 
and  oomea  (Fig.  218,  b).  In  old  cases  nothing  of  the  iris  is  left  in  this  spot  but  the 
retinal  pigment  layer  and  one  or  two  of  the  larger  vascular  trunks.  Themse  remains  of 
the  iria  are  mtimalely  adherent  to  the  wall  of  the  eyeball;  the  ligament uni  pect inat urn 
ia  condensed  into  a  tough,  fibrous  ti^ssiie;  and,  finally,  even  »Schlemm's  canal  disappcajs. 
The  ciliary  l>ody  diminishes  in  size  through  atrophy,  so  that  it  draws  away  apa^n 
from  its  contact  with  the  iria,  and  afterward  becomeji  llatter  an*l  flatter,  until  at  len^f^tti 
it  scarcely  forms  any  projection  at  all  (Fig,  218,  c).  The  atrtjphy  affects  the  cilia: y 
muscle  as  well  as  the  cdiary  processee.  In  the  ehorioid  the  atrophy  finds  expressitin 
in  the  obliteration  of  the  biood-vessels  and  the  rarefaclion  of  the  pigment,  »o  that  the 
ehorioid  is  finally  In  some  spots  reduced  to  a  thin,  transparent  [jellicle.  This  sort  of 
atnjphy  of  the  ehorioid  takes  place  above  all  in  tho  neighborhood  of  the  papilla,  atid 
by  it  there  is  formed  the  halo  glaucomatosus  visible  with  the  ophthalmoscope  (h.  Fig. 
215  A).  The  atrophy  also  reaches  a  high  degree  in  the  spots  where  the  vasa  vorticoüa 
pBB8  from  the  ehorioid  into  the  sclera.  The  ehorioid  here  grows  fa«t  to  the  sclera,  which 
become««  thinned,  and,  together  with  the  ehorioid,  bulges  out  to  form  an  equatorial 
staphyloma.  In  the  vasa  vorticosa  themöelves  m  found  proliferation  of  the  vascular 
endothelium,  lex^ding  to  contraction,  or  even  obhleration,  of  the  lumen,  of  the  veina 
(Gzermak  and  Birnlmcher). 

At  the  o^dii'rteri'c  aUrance  the  particidarly  striking  feature  ia  the  displacement 
of  the  lamina  cribrosa.  This  is  condensed  by  the  compression  of  its  layers,  and  is  dis- 
placed backward,  so  that  not  infrequently  it  even  gets  to  lie  behind  tiie  outer  surface 
of  the  sclera  (Fig.  215  B»  c).  The  excavation  of  the  papiOa  thus  produced  contains 
upon  its  floor  atrophic  nerve  fil)ers,  neuroglia,  and  some  connective  tisane  (Fig,  215  B, 
6).  Large  excavations  get  to  have  overhanging  edges  (b«>eome  ampulliform),  because 
the  short  canal  in  the  sclera,  wliich  is  dejsigned  for  the  optic  nerve,  and  which  is  laid 
bare  by  the  excavation,  is  wider  behind  than  in  front  (sec  Ftg.  2.3). 

In  the  head  of  the  optic  nerve  jind  also  behind  the  lamina  cribroisa  gaps  (laeunap)  of 
greater  or  less  size  are  frequently  formeil  (Schnabel). 

In  consequence  of  the  destruction  of  the  head  of  the  optic  nerve,  the  retina  and 
the  trunk  of  the  optic  nerve  also  atrophy:  the  latter  becom(^Ä  thinner,  as  a  whole,  and 
shows  that  its  connective-tissue  trabecida;  have  been  enlarged  at  the  expense  of  its 
nerve  fibers  (Fig.  215  B^  n). 

Precise  as  is  our  information  in  regard  to  the  anatomical  changes  above  described, 
and  many  others,  too,  in  glaucoma,  we  rnast  be  correspondingly  cautious  in  the  inter- 
pretation of  their  stgniftcance,  if  we  are  bent  upon  finding  out  the  anatomical  cau.'^e  of 
glaucoma.  Most  of  these  changes,  if  not  all.  are  simply  the  result  of  the  increase  of 
pressure— as  is.  without  any  doubt,  the  case  with  regard  to  the  atrophy  of  the  tissue 
and  the  excavation  of  the  optic  ner\^e.  To  find  those  changes  which  precede  the  increafie 
of  t«'nsion  and  cause  it,  we  s^hould  have  to  examine  the  eye  in  the  earliest  stages  of 
glaucoma.  The  opportunity  for  making  such  an  examination  has  hitherto  been  but 
ver>'  rarely  offered  us.  Indeed*  most  of  the  glaueotiuitöus  eyes  that  have  been  examim^d 
are  those  which  have  been  enucleate^l  in  the  stage  of  glaucoma  ab^lutum  because  they 
were  painful. 
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Treatment  of  Primary  Glaucoma. 
(a)  operative  treatment. 

d5.  Glaucoma  passed  for  an  incurable  disease  until  Von  Graefe  dis- 
covered the  curative  action  of  iridectomy.  Afterward  still  other  meth- 
ods of  operating  in  glaucoma  were  devised,  none  of  which,  however, 
has  been  able  to  displace  iridectomy. 

1.  Iridectomy,  the  technique  of  which  will  be  described  in  the  sec- 
tion on  Operations  (§  156),  must  satisfy  certain  conditions,  if  it  is  to  be 
efficient  in  combating  glaucoma.  The  wound  should  lie  in  the  sclera, 
not  in  the  cornea;  and  the  excision  of  the  iris  should  be  earned  to  the 
ciliary  marjZjin,  and  be  jnade  as  broad  as  possible.  Incarceration  of  the 
iris  in  the  wound  after  the  operation  should  be  avoided  by  careful  re- 
position. If  possible,  the  iridectomy  is  made  upward,  so  that  the  colo- 
boma  may  be'covered  by  the  upperJid.  and  not  cause  trouble  through 
the  dazzling  due  to  irregular  refractjon.  But  frequently  it  is  precisely 
in  the  upward  direction  that  the  iris  is  very  atropmc,  in  which  case  its 
excision  is  not  only  difficult,  but  also,  as  experience  shows,  is  less  effi- 
cacious; we  are  tnen  compelled  to  choose  another  place  lor  forming 
the  coloboma.  In  glaucoma  simplex  mdectomy  is  easily  performed, 
while  in  inflammatory  glaucoma  it  often  presents  considerable  difficul- 
ties on  account  of  the  cloudiness  of  the  cornea,  the  shallowness  of  the 
anterior  chamber,  the  rottenness  of  the  iris,  and  also  on  account  of  the 
great  painfulness  of  the  parts. 

As  regards  the  tim^e  for  mrformin^  the  overaJtion,  it  is  best  to  oper- 
ate as  early  as  possible.  In  inflammatory  glaucoma  the  operation 
should  be  done  in  the  prodromal  stage,  in  case  the  patient  can  make 
up  his  mind  to  it.  If  he  wait  until  the  inflammatory  attack,  we  can 
not  tell  how  severe  it  is  going  to  be,  and,  in  any  case,  we  operate  then 
under  less  favorable  conditions.  Under  all  circumstances  the  operation 
is  demanded  in  the  prodromal  stage  when  the  other  eve  is  already  ren- 
dered blind  by  plai^coma:  in  this  case,  too,  the  patient  will  more  readily 
comprehend  the  necessity  of  the  operation.  When  an  eye  has  already 
been  rendered  blind  by  glaucoma,  the  restoration  of  sight  is  no  longer 
possible  by  an  operation;  but  yet  one  is  often  performed  to  relieve 
the  painfalneas  of  the  eye,  or  to  prevent  the  development  of  glauco- 
matous degeneration. 

In  glaucoma  simplex  it  is  not  a  question  of  interfering  within  a  few 
days  or  weeks,  as  is  often  the  case  in  inflammatory  glaucoma,  but  even 
here  the  operation  should  not  be  long  deferred;  the  earlier  we  operate, 
the  better  results  we  obtain. 

The  success  of  an  operation  in  respect  to  vision  can  be  estimated 
approximately  beforehand,  if  account  is  taken  of  what  morbid  changes 
can  and  what  can  not  be  removed  by  the  operation.  Iridectomy 
reduces  the  intra-ocular  pressure  to  the  normal  amount.  By  it  the  glau- 
comatous cloudiness  of  the  cornea  and  the  disturbance  of  vision  pro- 
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luced  by  it,  as  well  as  the  disturbance  of  vision  caused  by  the  com- 
pretiöiou  of  the  retinal  ve^itiek,  are  removed.  But  the  excavation  and 
the  atrophy  of  the  optic-nerve  hbers  associated  with  it  either  do  not 
abate  at  all  or  do  so  in  but  very  shght  degree,  so  that  the  disturbance 
of  sight,  as  far  as  it  is  dependent  upon  them,  persists.  Irom  these 
facts  is  deduced  the  eßect  of  iridectüii.y  in  the  öeparate  forms  of  glau- 

€mu: 
(a)  In  infiammaiory  (ilauconm  the  resylt  of  the  operation  in  recent 
Ute  cases  is  extremely  favtirable.  1  lie  pain  accompanying  the  glau- 
coniatous  aitacK  ceases  a  few  liours  after  the  operation,  the  cornea  in 
the  next  few  hours  or  days  becomes  clear  and  sensitive  once  more,  and 
the  other  inflammatory  symptoms  Ukewise  speedily  disappear.  The 
sight,  which  during  the  attack  was  very  much  reduced  through  the 
cloudiness  of  tJie  cornea  and  the  compression  of  the  retinal  vessels, 
increases  very  considerably  after  the  disappearance  of  these  factors.  If 
it  was  still  normal  before  the  attack,  it  becomes  almost  normal  again 
after  the  operation.  But  if  a  long  prodromal  stage  with  the  formation 
of  an  excavation  has  preceded  the  attack,  both  the  acuity  of  direct 
vision  and  the  visual  held  have  already  ceajsed  to  be  normal  some  time 
before  the  attack,  and  will  then  be  more  imperfect  still  after  the  opera- 
tion. We  may  accordingly  put  it  down  as  a  rule  in  acute  inflammatory 
daucoma  that,  provided  we  make  an  iridectomy  fjomi  alter  ihc  mdhreak 
of  tht  irtjla  tn  m ulor u  jitki ck  a  tie^ree  of  ^ight  isj^ocure^.  uhich  ^s  sovic- 
whai.  but  not  mtah.  s mailer  than  it  was  hjorr  thr  attax^.  Ihe  later  the 
operation  is  done  after  tlie  inflammatory  attack,  the  less  successful  it  is. 
In  a  few^  cases,  to  be  sure,  the  result  of  the  operation  is  to  this  extent 
^not  so  favorable,  that,  in  spite  of  the  operation's  being  correctly  per- 
Ipbrmed,  the  increase  of  tension  either  keeps  up  or  sets  in  anew.  In  these 
eases  it  is  generally  possible  to  attain  our  end  by  a  second  operation 
(iridectoTny  or  sclerotomy).  Finally,  there  are  cases  in  which,  in  spite 
of  all  attempts  at  operative  interference,  complete  blindness  super- 
venes. These  unfavorable  cases,  however,  arc  rare  in  acute  glaucomaj 
so  that,  as  a  rule,  one  may  count  upon  a  good  result  for  the  operation, 
and  one,  too,  which  is  lasting. 

In  chronic  intlammatory  glauconm  in  determining  the  prognosis 
of  the  operation  we  must  estimate  how  much  of  the  disturbance  of 
vision  present  is  to  be  charged  to  the  cloudiness  of  the  media,  and  how 
much  is  due  to  the  excavation  and  atropliy  of  the  papilla  of  the  optic 
ner\^e.     The  former  portion  is  removed  by  the  operation,  tlie  latter 

not. 

(h)  In  ft^nyr^Tiia  fiimvifw  the  result  of  the  iridectomy  is  less  pro- 
nounced and  al'^o  leas  permanent  than  in  inflammatory  glauconui.  I'he 
visual  disturbance  m  the  variety  of  ghuieom a  simplex,  in  whirh  the 
media  are  clear,  is  caused  solely  by  the  changes  in  the  papilla  of  the 
optic  nerve.  Since  the  operation  can  not  remove  these  changes,  it  is 
impossible  to  restore  by  means  of  it  the  normal  acuity  of  vision.     The 
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operation  can  only  do  away  with  the  increase  in  tension,  and  thus  put 
a  stop  to  the  advance  of  the  process.  If  we  are  dealing  with  cases  in 
which  the  increase  of  tension  is  minimal  only,  iridectomy  is  almost 
absolutely  useless;  and  in  the  other  cases,  on  the  contrary,  it  gives 
greater  promise  of  a  permanent  good  result  the  more  pronounced  the 
increase  in  tension  is.  The  rule  is  that  the  sight  is  maintained  in  statu 
quo  by  the  operation,  or,  at  most^  is  siif^htly  improved.  In  manv  cases 
a  repetition  ot  the  operation  is  necessary  in  order  to  obtain  even  this 
result,  or  the  failure  of  sight  goes  on  unchecked  in  spite  of  the  operation. 
This  may  even  take  place  when,  in  consequence  of  the  iridectomy,  the 
intra-ocular  pressure  has  become  permanently  normal.  We  then  as- 
sume that  an  atrophy  of  the  optic-nerve  fibers,  when  once  initiated, 
keeps  on  progressing  in  spite  of  the  reduction  of  thö^intra-ocular  pres- 
sure. Particularly  unfavorable  are  those  cases  in  which  the  iridectomy 
actually  exerts  a  bad  effect  upon  the  sight,  the  latter  falling  away  very 
rapidly  after  the  operation,  so  that  blindness  sets  in  earlier  than  it  would 
have  done  without  the  iridectomy.  Sometimes  inflammatory  symptoms 
and  pain  make  their  appearance  just  after  the  operation,  when  they 
were  not  present  before.  The  eye  feels  hard  directly  after  the  operation, 
the  anterior  chamber  fails  to  re-form,  and  the  eye  becomes  blind  rapidly 
and  with  symptoms  of  violent  pain.  These  cases,  which,  to  be  sure,  are 
rare,  are  known  as  glaucoma  malignum. 

The  prognosis  of  iridectomy  in  glaucoma,  then,  is  as  follows:   In  in- 
flammatory glaucoma  the  operation  acts  favorably  upon  the  inflamma- 
tion and  upon  the  eyesight,  and  its  good  results  are  permanent;   it  is 
hence  unconditionally  indicated.     In  glaucoma  simplex  only  the  main- 1 
tenance  of  the  status  quo  is  to  be  counted  upon.    In  a  certain  number* 
of  cases  the  operation  is  unsuccessful  or  actually  does  harm.    Neverthe- V 
less,  as  without  an  operation  the  eye  will  certainly  grow  blind,  iridec- 
tomy is  indicated  in  glaucoma  simplex  too — as  soon  as  an  increase  of 
tension  can  be  distinctly  made  out.    We  endeavor  to  perform  the  iridec- 
tomy as  early  as  possible,  for  the  more  advanced   the   disease  is,  the 
more  uncertain  is  the  result  of  the  operation. 

The  reason  why  iridectomy  diminishes  the  tension  has  so  far  not 
been  discovered,  since,  indeed,  the  cause  of  the  increase  of  tension  itself 
is  still  unknown  to  us.  In  an  eye  the  tension  of  which  is  normal,  the 
latter  is  not  diminished  bv  an  irifjftfitnmvr  for  instAnpft.  if  a.n  iriHpofY^mv 
is  made  on  account  of  an  opacity  of  the  cornea,  the  eye  does  not  there- 
fore become  permanently  softer.  It  is  only  a  pathologically  heightened 
tension  that  iridectomy  reduces.  Of  the  many  reasons  that  have  been 
given  for  this  action  in  reducing  tension,  one  only  will  be  here  adduced, 
because  it  has  given  rise  to  a  new  operative  procedure.  Dg.  Wecker 
*was  the  first  to  express  the  opinion  that  in  iridectomy  the  section  in  the 
sclera  was  of  greater  impnrftin/*^  fV^or.  »[^p  P-^^^'sinn  ni  iht^  iris  He  con- 
si  (lered^liesignificanceo^  the  scleral  incision  to  lie  in  the  fact  that  by 
means  of  it  a  cicatrix  was  introduced  into  the  sclera,  which  allowed  fluid 
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filter  through  it,  as  the  normal  sclera  does  not  do.  This  fdtmtion 
ftttriXp  in  his  opinion,  afforded  a  substitute  for  the  iibUteraied  liga- 
»ntum  pectiiiatuni.  From  the  view  that  iridectomy  owes  its  efficacy 
the  section  in  the  sclera,  sclerotoniy  has  taken  its  origin, 
2*  ScUroiomy  consists  in  making  in  the  sclera  an  incision,  which  is 
placed  as  far  as  pOBsible  in  the  periphery  of  the  anterior  chamber,  and 
in  which  no  iris  is  excised  (for  the  technique,  see  §  155).  There  is  no 
doubt  that  sclerotomy,  too,  wliich  for  a  time  was  very  much  practiced, 
has  permanently  cured  many  cases.  For  the  most  part,  however,  the 
cure  has  not  been  final,  so  that  an  iridectomy  has  had  to  be  resorted 
to  subsequently.  At  the  present  time,  therefore,  most  operators  per- 
il form  sclerotomy  only  in  those  cases  in  which  for  technical  reasons, 
I  iridectomy  can  not  be  performed  or  in  which  in  spite  of  an  iridectomy 
the  increase  of  tension  has  returned. 

3.  Enucleation  is  indicated  when  an  eye  which  has  been  rendered 
perfectly  blind  by  glaucoma  is  continually  painful,  and  an  iridectomy 
is  either  impossil>le  of  performance  on  technical  grounds  or  has  been 
already  performed  without  success.  In  this  case  enucleation  is  done 
simply  with  the  object  of  relieving  the  pain,  and  may,  in  suitable  cases, 
L^e  replaced  by  optieo-cihary  neurotomy  (see  §  167), 

^H  (b)    MEDICI  sal   treatment. 

^^  The  miotics,  eserine  and  pih>carpine,  are  powerful  agents  in  com- 
bating  increase  \n  tension,  iiiey  act  only  when  the  iris  is  capable  of 
contracting  satistactonly;  hence,  in  old  cases  of  glaucoma  with  a  com- 
pletely atrophic  iris  they  are  useless.  Their  action  is  accounted  for 
upon  the  supposition  that  by  the  contraction  of  the  pupil  the  iris  is 
stretched  in  a  radial  direction,  and  so  is  drawn  away  from  the  w^all 
of  the  eyeball  to  which  it  has  been  applied,  so  that  the  sinus  of  the 
chamber  again  becomes  free.  Unfortunately,  the  effect  of  miotics  upon 
the  ocular  tension  is  not  lasting,  inasmuch  as  it  vanishes  with  the  di.s-i 
pearance  of  the  miosis.  The  miotics  can  not,  therefore,  cure  glau-l 
ma  permanently,  and  thus  enable  us  to  dispense  with  iridectomy;! 
they  are,  howTver,  valuable  auxiharies  in  the  treatment  of  glaucoma. 

In  the  prodromal "sliijiynf  IllHirFoma  miotics  are  employed  to  cut^ 
short  the  prodromal  attacks.     If  the  patient  instills  a  miotic  at  the 
commencement  of  the  attack,  the  latter  comes  to  an  end  in  about  half 
an  hour.     Thus  we  can  for  a  long  time  prevent  the  prodromal  attack 
from  rising  into  an  acute  inflammatory  attack,    Neverthele.ss.  we  should 
not  protract  the  prodromal  stage  in  this  way  until  excavation  oT~the| 
optic  nerve  with  pertnanent  impatrment  of  sight  sets  ip.      A><  wmin^vsl 
this  t \i reat c n.s ,  we  m ust  proceeii  t o  i n de^t omy .    Treat ment  with  miotics 
can   not   escape  the  imputation  that   because  of  its   momentary  good ' 
effect  it  often  causes  the  patient  to  put  off  operation  too  long. 

During  the  acute  inflammatory  attack  also  miotics  reduce  somewhat 
the  elevated  tension,  and  thus  ameliorate  the  pain  and  contribute  to 
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the  disappearance  of  the  glaucomatous  cloudiness  of  the  cornea.  In 
this  way  it  becomes  more  feasible  to  put  off  the  operation  for  a  few 
days,  if  circumstances  require  it.  Moreover,  the  operation  is  rendered 
easier  of  performance,  since  the  iris,  very  narrow  before,  becomes  broader 
through  the  contraction  of  the  pupil. 

In  glaucoma  simplex  the  action  of  miotics  is  dubious,  and  the  more 
so  the  less  pronounced  the  increase  of  tension  is. 

The  mydriatics  are  as  prejudicial  in  glaucoma  as  the  miotics  are 
useful.  The  other  methods  of  medicinal  treatment  in  glaucoma,  which 
formerly  were  very  numerous,  are  now  obsolete.  Care  should  be  taken 
to  restrain  the  emotions  and  avoid  constipation. 

Iridectomy  is  often  difficult  to  perform  in  inflammatory  glaucoma,  so  that  the 
excision  of  the  iris  does  not  always  turn  out  to  have  been  done  correctly.  Luckily  it 
is  precisely  in  inflammatory  glaucoma  that  even  a  less  successfully  perfonned  iridectomy 
is  usually  followed  by  the  effect  desired.  Above  all,  we  must  avoid  injuring  the  cap- 
sule of  the  lens,  an  event  which  might  easily  happen  from  the  narrowness  of  the  iris 
and  the  shallowness  of  the  anterior  chamber.  Such  an  eye  is  greatly  jeopardised, 
since  the  injured  lens  swells  up,  and  thus  give  rise  anew  to  increase  of  tension. 

Traumatic  cataract,  however,  may  follow  an  iridectomy  for  glaucoma  without  any 
fault  of  the  operator.  When  the  intra-ocular  pressure  is  high  or  when  there  is  strong 
pressure  exerted  by  the  patient,  the  edge  of  the  lens  is  pushed  against  the  incision,  and 
in  consequence  the  capsule  of  the  lens  may  be  ruptured  at  this  portion  of  the  lens  mar- 
gin. The  result  is  a  subsequent  opacification  of  the  lens.  Because  of  the  wound  in  the 
capsule  the  lens  may  make  a  spontaneous  exit  through  the  incision,  either  inunediately 
after  the  operation  is  completed  or  some  days  later. 

Favorable  as  is  the  action  of  iridectomy  in  inflammatory  glaucoma,  we  ought 
not  to  conceal  the  fact  that  in  many  caafi«  whirh  have  remained  for  years  apparently 
cured  blindnesa  neverJhelesa  tdtimatelj/  develoys,  either  because  a  very  slight  inciSie  of 
tension  insidiously  sets  in  or  without  increase  of  tension  and  simply  as  a  result  of  a 
gradually  advancing  atrophy  of  the  optic  nerve,  just  as.is  the  case  in  glaucoma  simpleK. 
But  as  this  outcome  does  not  usually  set  in  until  after  years  have  elapsed,  and  as  fur- 
thermore glaucoma  is  a  disease  of  advanced  life,  most  of  the  patients  do  not  survive  to 
experience  this  melancholy  sequel,  so  that  in  general  the  prognosis  of  iridectomy  in 
inflammatory  glaucoma  may  be  regarded  as  favorable. 

Iridectomy  in  inflammatory  glaucoma  is  usually  followed  by  hemorrhage  into  the 
anterior  chamber  and  into  the  retina.  The  sudden  diminution  of  the  pressure,  the 
fact  that  we  are  operating  in  a  very  hypersemic  eye,  and  the  degeneration  of  the  vessel 
walls  are  all  accountable  for  this.  The  blood  in  the  anterior  chamber  is  sometimes  un- 
usually slow  in  being  absorbed,  because  the  normal  cliannels  of  outflow  are  stopped  up. 
The  retinal  hemorrhages  cause  no  special  harm,  except  when  one  of  them  happens 
to  involve  the  region  of  the  yellow  spot. 

On  account  of  the  great  tension  of  the  glaucomatous  eye,  the  edges  of  the  wound 
after  iridectomy  do  not  close  up  as  well  as  in  the  case  of  other  iridectomies — e.  g.,  those 
made  for  optical  purpos3s.  Hence,  more  frequently  than  is  otherwise  the  case,  we  get, 
instead  of  direct  union  of  the  edges  of  the  wound,  healing  with  the  interposition  of  an 
interstitial  tissue,  as  a  consequence  of  which  ectasis  of  the  cicatrix  or  cystoid  cicatri- 
zation is  readily  produced. 

In  glaxicoma  simplex  it  sometimes  happens  that  iridectomy  has  for  its  immediate 
result  a  marked  reduction  in  the  sight.  This  is  to  be  apprehended  when  the  Md  of 
vision  was  so  very  much  contracted  before  the  operation  that  its  limits  at  one  spot 
reached  nearly  up  to  the  point  of  fixation.  Then  a  slight  intussusception  of  the  confineB 
of  the  visual  field  carries  them  beyond  the  point  of  fixation,  so  that  central  vision  is  lost. 
Hence  t  he  rule  is  to  do  iridectomy  as  early  as  possible,  while  the  field  of  vision  is  still  laige. 
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Viet«^  differ  in  regard  to  the  efficacy  of  iridecUtmy  in  glaucoma  nmpiex.    VonI 
Graefe  cstinmted  the  numticr  of  definitive  cures  produced  by  the  operation  at  mthertj 
more  than  lialf  the  cases;  in  one  quarter  of  the  cases  relapses  occurred,  which  werql 
cured  only  by  a  second  iridectomy,  while  in  the  rest  of  the  caees  blindnesä  gradualNI 
tei  in  in  spite  of  the  operation.     Only  in  2  per  cent  of  all  the  cases  did  the  opera tiü3| 
hftve  tttstuflily  a  bad  effect.    I^ince  then  report^s  in  regard  to  the  curative  effects  of  iriv 
dectomy  in  glaucoma  i^implex  have  l>een  piilshsfied  by  different  authors,  as  by  HirNt-h- 
berg,  Suljter,  Nettleship,  Charles  tStedinaii  Bull,  (iruening,  etc.     Most  of  iliese  Mtatifttics 
pn>ve,  in  lianmony  with  the  statements  of  Vun  Graefe,  that  in  al>out  lialf  the  cases  the 
operation  has  put  a  stop  to  the  progress  of  the  disease.     Dr.  Laska  has  collected  my  own 
observations  vipon  this  point,  and  from  tlicm  the  following  results  have  Ijceii  obtained: 
<Jul  of  thirty-nine  eases,  iridectomy  had  a  favorable  resiilt  in  nineteen — that  In,  in  about 
one  half —the  sight  (»itlier  being  kept  stationary  or  actually  improving;   but  in  twenty 
cases  the  eyesight  failetl  in  spite  of  the  operation,  either  from  the  subsecjUCTit  reappear- 
ance of  the  elevation  of  tension^  or  even  without  t hi»  taking  place.    '1  iie  value  of  these 
dtatistic^^  gniall  as  they  are,  lies  in  the  fact  tliat  only  cn&en  that  bad  l>een  under  oljserva- 
tion  a  pretty  long  time  were  accepted  in  making  them  up.    The  mean  period  of  observa* 
tion  amounted  to  five  years  in  the  nineteen  eaae»  that  were  cured j  several  of  these  liad 
lieen  followed  ui>  for  more  tlian  ten  yeans. 

In  hjilmphlhalmu»^  iridectomy  is  astiociated  ivitb  greater  danger  than  in  the  glau- 
<x>nui  of  adults,  and  that  mainly  because  of  the  defective  condition  of  the  zonula.  By 
reason  of  this,  when,  after  the  escai^e  of  the  extremely  abundant  aqueous^  the  lens  Is 
driven  forward,  rupture  of  the  zonula,  and  hence  escape  of  vitreoas  through  the  wound, 
may  take  place,  Anotlier  soiiroe  of  danger  comjistB  in  the  fact  that  we  are  dealing  with 
children,  of  whom  ciuiet  behavior  after  the  operation  is  not  to  be  expected.  Less  dan- 
feroiis  and  yet  succt^ssful  has  proved  in  rny  han^^ln  an  iridectomy  in  which  I  make  the 
incision  very  short,  but  combine  it  with  the  exi*ection  of  a  scleral  flaj»  by  Lagrange's 
method  (see  |  167),  so  that  the  operation  has  the  effect  of  a  sclerertomy. 

Of  the  numerous  methods  of  operating  for  glaucoma  that  have  been  proposed, 
two  may  be  mentionecL  One  is  the  operation  of  ctttiin^  inlo  the  angle  of  the  anterior  cham- 
ber from  the  anterior  chamber  itself  (by  De  Vincentüs'  method).  By  this  means  the 
path  for  the  escajje  of  the  aqueous  into  8chloniin's  canal  is  opened  again.  The*  operation 
i&  made  with  a  special,  smalK  sharp-pointed  knife,  plunged  in  at  the  corneal  margin  and 
carried  through  the  anterior  rhamber  so  as  to  K-arify  tJie  opposite  portion  of  the  sinus 
of  the  ciiamber.  This  operation  is  technirtally  feasible  only  when  t he  anterior  chamber 
is  sufficiently  deep.  Hence,  it  flw^s  not  come  in  for  consideration  in  most  cases  of  inflam- 
)L  malory  glaucoma.  In  api>ropriate  caaes,  with  deep  enough  anterior  chaml>er,  1  have 
I  •ometimes  tried  it,  when  an  iridectomy  has  been  without  rc^idt,  and  have  thru  several 
r  times  seen  a  good  effect  from  it.  In  Heiners  na^loi  I  in  I  ii^'^  the  operator,  b}*  a  short 
,  inciiiion  situated  5  mm.  from  the  corneal  margin,  divides  the  sclera,  proceeding  rare- 
I  fidly  from  without  inward  down  to  but  without  Injuring  the  chorioid;  then  carries  a 
l'       »pa tula  forward  betw^een  chorioid  and  sclera  unt  il  its  lip  appears  in  the  anterior  rhamber. 

LThiis  the  cihary  hxly  is  detached  from  the  sclera,  and  a  eommunic*ation  effecteil  between 
the  anterior  chamber  and  the  perichorioidal  sjjace,  by  which  now  it  is  expected  that 
the  fiscape  of  aqueous  will  take  place,  if  the  way  through  the  ligament  um  jieetinatum 
is  blockeid. 
I 


11,  Secondary   Olaucoiüa. 


86,  By  »econdary  gJaiiroma  we  understand  an  incn^ase  <if  tension 
which  appears  in  the  course  of  other  diseases  of  the  eye,  and  as  a  con- 
sequence of  them.  Accordingly»  tin*  increa^^e  of  tension  here  fonns  the 
complication  of  an  already  existing  aflVction,  although,  all  the  same,  it 
entails  the  results  peculiar  to  itself,  jost  as  in  the  ea^e  of  primary  glau- 
coma-    If  it  is  associated  with  inflainmatory  symptotns,  it  produces  in 
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the  cornea,  the  iris,  etc.,  the  changes  belonging  to  inflammatory  glau- 
coma. In  other  cases  it  manifests  itself  merely  through  the  increase 
in  tension  perceptible  to  the  touch,  and  also  through  the  pressure  exca- 
vation of  the  optic  nerve  with  the  disturbance  of  sight  that  is  caused 
by  it — namely,  the  contraction  of  the  visual  field  and  the  diminution  ia 
central  vision.  Moreover,  its  termination  in  blindness  and  in  degener- 
ation of  the  eyeball  is  the  same  as  in  primary  glaucoma. 

The  clinical  picture  of  secondary  glaucoma  varies  according  to  the 
disease  which  it  accompanies.  The  affections  of  the  eye  leading  to  in- 
crease of  tension  are  as  follows : 

1.  Ectasice  of  the  cornea  and  the  sclera.  Of  the  former,  it  is  above 
all  those  connected  with  incarceration  of  the  iris — i.  e.,  the  staphylo- 
mata — that  almost  universally  lead  to  secondary  glaucoma.  It  is  only 
the  exception  that  ectasise  without  incarceration  of  the  iris,  such  as 
keratectasia  ex  ulcere  or  keratectasia  after  pannus  or  after  keratitis  par- 
enchymatosa,  give  rise  to  increase  of  tension.  Of  scleral  staphylomata, 
those  which  occur  after  rupture  of  the  sclera  may  entail  increase  of 
tension,  and  so  also  may  the  ectasise  that  develop  after  scleritis.  Most 
ectasise  of  the  sclera,  however,  are  the  result,  not  the  cause,  of  the  in- 
crease in  tension. 

2.  Incarceration  of  the  iris  in  a  cicatrix  of  the  cornea  or  sclera,  and  also 
the  partial  apposition  of  ^^^o  \r\a  nir^infit  the  posterior  surface  of  the  fiomfta. 
may  lead  to  increase  of  tension  even  without  any  ectasia  being  present. 

3.  Irido-cudUis,  especially  in  those  cases  in  which,  except  the  de- 
posits on  the  cornea,  no  exudates  worth  mentioning  are  found.  The 
increase  of  tension  in  these  cases  is  often  only  transitory. 

4.  Sedusio  pupiUcB,  whether  originating  in  adhesion  of  the  entire 
pupillary  margin  to  the  capsule  of  the  lens  or  in  the  inclusion  of  the 
former  in  a  cicatrix  of  the  cornea.  Seclusio  pupillae  leads  to  the  accu- 
mulation of  aqueous  in  the  posterior  chamber  and  to  consequent  pro- 
trusion of  the  iris,  which  is  accompanied  by  increase  of  tension. 

5.  The  lens  becomes  a  cause  of  secondary  glaucoma  in  two  ways — 
by  beingjuxatpd  and  by  being  swollen.  All  forms  of  luxation  are  of 
significance  in  this  regard;  but  the  most  dangerous  cases  are  those  in 
which  the  lens  is  wedged  into  the  pupil  or  lies  wholly  in  the  anterior 
chamber.  Sudden  swelling  of  the  lens  after  injury  or  operation  may 
likewise  ca\ise  increase  of  tension,  especially  in  the  case  of  elderly  peo- 
ple, whose  sclerse  are  rigid.  Increase  of  tension  also  occurs  at  times  after 
cataract  extraction  and  discission  of  secondary  cataract. 

6.  Inlra-ocular  tumors,  such  as  sarcomata  and  gUomata,  in  a  certain 
stage  of  their  development  excite  the  symptoms  of  secondary  glaucoma. 

7.  Hemorrhages  into  the  retina  are  the  expression  of  changes  in  the 
vessels  or  disturoances  of  circulation,  which  sometimes  lead  to  eleva- 
tion of  tension.  This  is  most  frequently  the  case  in  old  people  with  arterio- 
sclerosis; the  elevation  here  usually  makes  its  appearance  under  the  form 
of  inflammatory  glaucoma — glaucoma  haemorrhagicum. 
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8.  ChorioidUis  and  jnyopia  of  a  hi^h  degree  often  give  rise  to  an 
increase  on.eii^ioii  imder  t ho  form  of  glaucoma  simplex. 

The  treatment  of  secondary  ghiueoina  mu.^t  above  all  endeavor  to 
remove  the  cause  underlying  the  elevation  of  teiii^ion.  For  instance, 
in  seclusin  pupillae  the  connnunication  between  the  two  chambers 
should  L>€  restored  b}^  means  of  an  iridectomy,  a  dislocated  ur  swollen 
lens  should  be  removed,  if  possible,  and  so  on.  For  the  symptomatic 
treatment  of  the  increase  of  tension  itself,  miotics,  dionin,  free  diapho- 
resis,  or  quinine  internally  may  be  considered  according  to  the  exigen- 
cies of  the  case.  Of  operations  those  at  our  command  are  paracentesis 
of  the  cornea  and  iridectamv.  The  former  diminishes  the  pressure  by 
letting  out  the  aqueous,  but  does  so  only  temporarily,  so  that  it  is  suited 
simply  to  those  cases  in  which  the  increa^se  in  tension  is  foreseen  to  be  of 
short  duration — e.  g.^  in  swelling  of  the  lens  and  in  irido-cyelitis.  The 
paracentesis  may  l>e  repeated  several  times,  according  to  the  demands 
of  the  case,  A  lasting  elevation  of  tension  can  be  combated  only  by 
mdectomy  or  in  some  cases  sclerotomy.  Glaucoma  htpmorrhagieum  gives 
the  most  unfavorable  prognosis.  Here  we  can  not  c<junt  with  certainty 
upon  the  effect  of  iridectomy,  since  sometimes  it  is  imnipfliately  succeeded 
by  blindness  coming  on  rapidly  and  with  great  pain.  Eyes  which  contain 
a  new  growth,  or  w^hich  are  Ixjth  blind  and  painful,  require  enucleation,  i , 

Th«  anatomicai  rhamjes  which  give  rise  to  the  increase  of  tension  in  secondary 
glauroma  vary  greatly  according  to  the  varying  nature  of  cases  of  this  sort,  and  very 
ofl^n  we  do  not  at  all  know  how  to  acconnt  for  ilip  development  of  the  increase  of 
tension.     The  ciiangeü,  that  we  have  to  consider,  are: 

1.  Obhteration  of  the  sinus  of  the  chamber  due  to  the  fact  that  the  iris  has  been 
drawn  forward  and  brought  into  contact  witli  the  cornea.  This  m  prolmbly  the  usual 
cause  of  increase  of  tension  in  the  case  of  anterior  synechiu',  by  \\hich  the  iris  \a  drawn 
fonvard  and  brought  clo>ae  to  the  cornea,  and  the  more  so  the  more  p>enpheral  the  site 
of  the  inran-eration  of  the  iris.  The  narrowing  or  t  he  blocking  of  the  sinus  of  the  cham- 
ber in  these  cases  does  not  extend  all  tlie  way  around  as  in  genuine  glautoiiia,  but  is 
confined  to  the  sector  which  corresponds  to  the  anterior  synechia  (Fig.  117B).  Whether 
ID  this  ca^  increase  of  tension  sets  in  or  not  depends  upon  whether  tlie  portion  of  the 
stnus  that  is  still  free  is  ade«[uatc  for  the  excretion  for  the  htjuids  of  the  eye.  After 
an  iridectomy  the  stump  of  iris  which  remains  at  the  site  of  the  coloUima  nmy  push 
itself  into  the  wound,  l>pc:ome  united  there,  and  to  a  corres|x>nding  extent  block  the 
«inns.  After  an  extraction  of  the  lens  made  with  the  iridectomy  I  he  incarceration  of  a 
tivg  of  cajwule  may  have  the  same  result,  the  capeide  jamming  the  irfk  stump  against 
the  cornt?o-sclera.  % 

2.  PiLshing  of  the  iris  against  the  cornea  by  a  gre^fctly  swollen  or  dislocated  lens 
or  by  a  tunmr  of  the  ciliary  fjody. 

3.  Agglutination  of  the  iris  to  the  posstt'rior  surface  of  the  cornea  after  the  two 
have  bet?n  for  a  long  time  kept  in  contact  Ix'cause  of  a  corneal  fistula. 

4.  Attachment  of  the  periphery  of  the  iris  to  I  lie  corneo-scleral  jimction  berauae 
of  inflammutorj^  adhesion,  as  occurs  in  many  cases,  and  especially  in  the  chronic  eaaes, 
of  irid<Kcyclitis. 

5.  BWking  of  the  sinus  of  the  chaml^r  due  to  infiltration  of  the  ligamentum 
pftctinaium,  to  cysts  of  the  iris,  and  to  tiunors  of  the  iris. 

fi.  Blocking  of  the  sinus  of  the  chamlx^r  by  tissue  which  has  remained  ther^  since 
fet^l  life.    This  is  the  case  in  aniridia,  in  which  the  iris  is  never  completely  absent,  but 
iply  reduced  to  a  short  stump,  in  the  angle  between  which  and  the  corneo-selera 
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the  tissue  above  mentioned  is  situated.  In  hydrophtlmlmus  the  increase  of  tensioo 
probably  depends  on  a  condensation  iiLthe  tissue  of  Uf  liy<^pi«n».i^ni  pft^^jiytiiin,  which 
originates  in  fetal  life  and  is  freouentlv  associated  with  absence  of  the  canid  of  SchJemm. 


7.  Impermeability  of  the  Lgamentum  pectinatum  due  to  blocking  of  its  opwi 
spaces  by  blood,  leucocytes,  or  precipitates  irom  the  aqueous.  It  is  changes  of  thi» 
sort  that  probably  cause  the  increase  of  tension  in  recent  cyclitis,  or  when  many  len& 
fragments  are  present  in  the  aqueous.  It  is  also  possible  that  in  cases  of  this  sort  the 
filtration  of  the  aqueous  may  be  hindered  by  the  g^reater  proportion  of  albumin  that 
the  latter  contains,  even  without  there  being  any  obstruction  in  the  spaces  of  the  li|^ 
mentum  pectinatum. 

8.  Impermeability  of  the  ligamentum  pectinatum  due  to  the  formation  of  an  epi- 
thelial lining — anterior-chamber  cysts  (page  428),  e.  g.,  after  cataract  operation. 

9.  Abolition  of  the  communication  between  the  posterior  and  anterior  chambers 
in  the  case  of  an  adhesion  of  the  entire  margin  of  the  pupil  to  the  lens  or  to  the  oomea 
(seclusio  pupilke).  In  luxation  of  the  lens  into  the  anterior  chamber,  a  cut-off  action 
of  this  sort  may  result  because  the  iris  is  jammed  against  the  posterior  surface  of  th» 
lens  by  the  aqueous  which  has  been  secreted  by  the  ciliary  processes,  so  that  the  lens 
acts  like  a  ball  valve  (Fig.  222). 


Fig.  222. — Luxation  of  the  Lens  into  the  Anterior  Chamber.    Magnified  5X1. 

The  lens  lies  in  the  anterior  chamber  and  moreover  is  displaced  toward  the  right  side  (in  the  draw- 
ing), BO  that,  on  the  one  hand,  it  abuts  a^sainHt  the  posterior  surface  of  the  cornea,  and,  on  the  othtr 
hand,  against  the  ciliary  body,  the  iris  being  interposed  between  it  and  the  latter.  The  pupillary  por- 
tion of  the  iris  everywhere  is  jammed  against  the  posterior  surface  of  the  lens  and  thus  the  posterior 
is  eut  off  from  the  anterior  chamber.  On  the  other  side  of  the  lens  the  iris  is  pushed  forward  and  bent 
at  an  angle  by  the  aqueous  which  has  accumulated  in  the  posterior  chamber. 

10.  Elevation  of  the  pressiu^  in  the  vitreous  cavity  produced  by  venous  stasis  in 
thrombosis  of  the  retinal  veins  (glaucoma  hsemorrhagicum)  and  in  blocking  of  the 
vena  vorticosa  (by  tumors,  by  endophlebitis,  and  also  in  experimental  ligation  of  the 
vena  vorticosa). 

11.  Elevation  of  the  pressure  in  the  vitreous  cavity  due  to  increase  in  the  volume 
of  the  vitreous;  occurring  suddenly  in  hemorrhage  or  exudation  (panophthalmitis), 
and  gradually  in  tumors. 

12.  Elevation  of  the  pressure  in  the  vitreous  cavity  due  to  protrusion  of  the 
retina  or  chorioid  into  it  as  the  result  of  hemorrhage,  exudation,  or  the  formation  of 
new  growths  in  these  membranes. 


Diminution  op  the  intra-ocular  pressure  (hypotony)  is  found  in  very  diverse 
affections  of  the  eyeball.  It  Lb  always  a  sign  that  the  contents  of  the  eyeball  have  di- 
minished in  volume.  Hence  a  high  degree  of  diminution  of  tension  is  observed  when, 
after  the  perforation  of  the  eyeball,  either  the  aqueous  has  flowed  away  or  the  lens  or 
vitreous  has  escaped.  This  may  be  the  result  of  an  injury  or  of  the  spontaneous  perfora- 
tion of  an  ulcer.  If  the  perforation  in  healing  leaves  a  fistula  or  a  cystoid  cicatrix, 
through  which  aqueous  continually  escapes,  the  softness  of  the  eye  may  persist  for  a 
long  time  (even  many  years).  After  the  use  of  a  bandage  which  has  been  too  tightly 
appHed,  we  find  the  eye  softer  for  a  short  time,  because,  under  the  increased  pressure 
due  to  the  bandage,  an  increase  in  the  outflow  of  fluids  from  the  eye  has  taken  place. 
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So,  too,  the  eye  beoomes  very  aoft  when  the  volume  of  the  vitreous  is  diminiahed  by 
ahriTilring  of  exudates — and,  hence,  in  thoee  cases  in  which  an  atrophy  of  the  eyeball 
is  devebplng  after  irido-cyclitis.  Heiioe  progressive  softening  of  the  eyeball  in  the 
ooiune  of  an  irido-cyclitis  is  an  ominous  symptom.  Slight  degrees  of  decrease  of 
tension  accompany  many  cases  of  inflammation  of  the  cornea,  both  suppurative  and 
Don-suppuiative,  and  also  occur  not  infrequently  after  slight  injuries  (erosions)  of 
the  cornea,  especially  if  these  were  associated  with  a  contusion.  Of  the  affections  of 
the  deep  parts,  detachment  of  the  retina  is  particularly  associated  with  diminution 
of  tension.  Finally,  slight  degrees  of  the  latter  are  found  in  paralysis  of  the  sympa- 
thetic, and  also  after  the  instifiation  of  coc^e  and  eserine'](page  370). 

Cases  occur  which  are  known  as  ophthalmomalacia^  or  essential  phthisis,  in  which^  ^(K^, 
diminution  of  tension  appears  spontaneously,  without  known  cause.  The  eye  suddenly 
becomes  very  soft,  smiJler,  and  injected,  and  not  infrequently  there  are  marked  photo- 
phobia and  neuralgic  pain  associated  with  the  condition.  This  state  of  things  may  last 
for  hours  or  days,  when  it  gives  place  to  the  normal  condition.  In  many  instances  such 
attacks  recur  at  intervals  (intermitting  ophthalmomalacia).  The  caxise  of  this  rare 
disease  in  many  cases  remains  unknown;  in  other  cases  there  has  been  an  injury  pre- 
ceding it.  The  prognosis  is  good,  as  the  ophthalmomalacia  usually  leaves  no  lasting 
iD  results  behind. 


CHAPTER  VIII. 
DISEASES  OF  THE  LENS. 

Anatomy. 

87.  The  lens  (crystalline  body,  lens  crystallina)  lies  between  the 
iris  and  vitreous,  and,  together  with  the  zonula,  divides  the  eye  into  a 
smaller  anterior  and  a  large  posterior  section — the  cavity  of  the  aque- 
ous and  the  cavity  of  the  vitreous.  It  is  a  transparent  and  colorless 
structure  of  lenticular  shape,  the  anterior  surface  of  which  is  less,  the 
•  posterior  surface  more  curved.  In  the  lens  we  distinguish  an  anterior 
and  a  posterior  pole,  and  the  rounded  edge,  or  equator,  where  the  an- 
terior and  posterior  surfaces  of  the  lens  meet.  The  sagittal  diameter 
(thickness  of  the  lens)  amounts  in  the  adult  man  to  5  mm.,  the  equa- 
torial diameter  to  9  mm.  ' 

The  lens  lies  within  the  circle  formed  by  the  ciliary  processes,  but 
in  such  a  way  that  its  equator  is  distant  about  0.5  mm.  from  the  apices 
of  the  processes.  The  interspace  between  the  ciliary  body  and  the 
equator  oi  the  lens  is  called  the  circumlental  space.  The  posterior 
surface  of  the  lens  is  imbedded  in  the  fossa  patellaris  of  the  vitreous. 
The  lens  is  kept  in  position  by  the  suspensory  ligament,  or  zonula 
ciliaris.^ 

If  after  rupturing  the  zonula  we  take  the  lens  out  of  the  eye,  we  find 
it,  in  the  first  place,  inclosed  in  a  transparent  capsule — the  capsule  of 
the  lens.  If  after  removing  the  capsule  we  try  to  crush  the  lens  of  an 
elderly  man  between  the  fingers,  the  softer  peripheral  masses  separate, 
while  the  harder  central  portion  remains  uncrushed  between  the  fingers. 
The  former  form  the  cortex,  the  latter  the  nucleus  of  the  lens  (see  Fig. 
175,  r  and  k).  These  are  distinguished  not  only  by  their  consistence 
but  also  by  their  color.  The  cortex  is  colorless,  while  the  nucleus  has  a 
yellowish  or  brownish  hue.  The  nuclear  layers  owe  their  greater  con- 
sistency and  also  their  coloration  to  a  process  which  is  known  as  scle- 
rosis, and  which  consists  mainly  in  a  loss  of  water.  The  sclerosis 
begins  even  in  childhood,  but  advances  so  slowly  that  it  is  not  until  the 
age  of  twenty-five  that_a  distinct.  althouj;h  still  small,  nucleus  is  p^-es- 
^jj^.  ömce  sclerosis  o^  the  Tens  fibers  is  a  change  due  to  advancing  age, 
it  affects  first  the  oldest  fibers — i.  e.,  those  that  lie  in  the  center  of  the 
lens.  By  a  continuous  progress  of  the  sclerosis  from  the  center  to  the 
periphery  of  the  lens,  the  nucleus  steadily  increases  in  size  as  the  years 
go  on,  and  the  cortex  diminishes  in  like  proportion,  so  that  at  length, 
at  a  very  advanced  age,  almost  the  entire  lens  is  converted  into  nucleus, 

1  Synonyms :  Zonula  Zinnii,  ligamentum  suopenBorium  lentis. 
406 


DISEASES  OF  THE  LENS. 


497 


or  is  sclerosed.  There  are  many  individual  differences  in  this  regard, 
so  that  person^s  of  the  same  age  have  lenticiiliir  nociei  of  different  size. 
The  size  of  the  nucleus  is  of  practical  importance  in  the  operation  for 
cataract* 

The  scleroa^i  portion  ol  the  lens  is  hard  and  ri^id.  inrapatile  of 
chantrintr  its  shiipe.  Pli^nce,  tlie  further  advanced  the  sclerosis  of  The 
lens  is.  the  less  able  is  tlie  latter  to  make  that  alternating  change  in  its 
shape  which  is  requisite  for  the  act  of  accommodation.  For  this  reason 
the  accommodative  ppwer  diminishes  with  advancing  age  (presbyopia; 
eee  ^  142).  * 


ptr*      0^4 


»T^^ir^^e 


^i-"^fe^; 


KTw  >»T!  — *'',fHrLA»  EMTMKi.ir«  OP  THK  Cortex.  (After  liabl.]  The  «»pi thorium  whicli  wa» 
'■■■'■  capHule  whrn  iUt*  latter  wan  .slnpp«(i  off,  i*  se«»n  in  surraci»  view.     The  »rva  reprc- 

ii- 1  m  front  of  Ihe  nuclear  loneof  tne  leti».    In  front  of  th*  IttOer  the  c^piOifHal  wilii 

«ill...   iv.jin.i   i.r^wanl   !kr«  dinpoe««!  irregularly  (ui  become  armn«^  in  regular  iiicndionaJ  row».  m. 

KiQ,  2^4, — Equatorial  Section  TnKoiuiH  a  nttMAN  Len».  ( After  Rabl.)  r»  epithebat  cell«  of 
tl*e  a&terior  eapMule;  /,  eroaa  «eotion  of  the  Umkh  fibtira  which  nrs  arranged  bo  a«  to  form  rmliatinx 
luneiiar«  In  ooe  of  theae  fibers  an  oblong  ondeus  \a  vimble. 


The  jnicjous  reflect.s  morc^  light  than  the  non-sclerosed  imjt  of* the 
lens.  Hence,  the  i>U]>il  in  ehlerly  peof)le,  whose  Tons  ha^s  a  large  nucleus» 
is  no  longer  of  sueh  a  pure  bhick  as  in  youth.  It  ^ives  a  ^ray  or  gray- 
ish-greenreflex  (the  senile  reflex),  which  by  the  inexperienced  is  ea^sily 
conlountleil  with  Ijepnrjing  cataract. 

Histoloj|r^'  of  the  LenÄ.— The  external  envelope  of  the  len8  is  formed 
of  the  lens  capsule.  Tlus  is  a  homogeneous  niembrane  (Fig.  225,  /), 
which  is  thicker  upon  the  anterior  than  it  m  upon  the  }>osterior  sur- 
face of  the  lens.  The  anterior  capsule  of  the  lens  is  further  distinguished 
by  having  a  single  layer  of  cubical  epithelial  cells,  the  epithelium  of  the 
Ieii8  {€,  Fig.  225).  This  plays  an  important  part,  in  the  growth  of  the 
lens»  as  the  fibers  of  the  latter  originate  from  the  cells  of  the  ca[>sular 
epithelium.  If  w^e  follow  the  epithelium  of  the  anterior  capsule  toward 
the  equator,  we  see  that  at  this  point  the  epithelial  cells,  which  were 
^2 
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irregularly  disposed  before  now  get  to  be  arranged  in  meridional  rows 
(Fig.  223,  m).  Then  these  epithelial  cells  become  taller  and  taller, 
until  finally  they  are  converted  into  long  fibers,  the  fibers  of  the  lens 
(Fig.  225,  /).  Since  the  latter  have  originated  from  meridional  rows  of 
epithelial  cells,  they  are  arranged  in  radiating  lamell«  (Fig.  224),  which 


Fig.  226. — Nuclear  Zonb  of  the  Lens.     (After  Babuohin.) 

2,  lens  capnule.     The  epithelial  cellfl,  e,  by  a  prooesn  of  gradual  elongatton,  grow  out  into  the  \&DM  fibers, 

/,  with  the  nuclei,  k.  * 


explains  why  opacities  of  the  lens  so  often  occur^under  the  form  of 
radial  striae.  As  the  cells  become  elongated  their  nuclei  recede  from  the 
capsule  into  the  interior  of  the  lens,  so  that  a  zone  is  found  along  the 
equator,  in  which  there  are  numerous  nuclei  lying  in  the  lens  substance 

itself.  This  nuclear  zone,  as  it  is  called  (Ä;, 
Fig.  225;  cf.  also  Fig.  143,  k),  represents  that 
district  of  the  lens  in  which  the  growth  of  the 
latter  takes  place.  This  growth  occurs  by  a 
process  of  apposition,  new  epithelial  cells 
constantly  growing  out  into  lens  fibers,  which 
are  placed  outside  of  and  next  to  the  older 
lens  fibers.  In  this  way  the  lens  acquires  a 
concentrically  laminated  as  well  as  a  radial 
structure.  The  fibers  lying  in  the  center  of 
the  lens  are  thus  the  oldest,  and  the  most 
exterior  fibers  are  the  youngest.  The  reason 
for  nuclei  not  being  present  outside  of  the 
nuclear  zone  in  the  interior  of  the  lens  is  that 
the  nuclei  disappear  from  the  older  lens  fibers. 
The  lens  consist  of  fibers  having  the  form 
of  long,  prismatic,  six-sided  cords.  They  are 
closely  applied  to  each  other,  and  are  held 
together  by  a  cement  substance.  The  fibers  begin  and  end  upon  the 
anterior  and  posterior  surfaces  of  the  lens,  along  lines  which  radiate 
from  the  anterior  and  posterior  poles  (Figs.  226  and  227).  Here  they 
form  a  Y-shaped  figure — the  stellate  figure  of  the  lens — which  can  be 
recognized  oven  in  the  living  eye  in  adult«  by  means  of  lateral  illumina- 
tion.   The  three  rays  of  the  stellate  figure  branch,  and  thus  divide  the 


Fig.  226. — Stellate  Figure  of 
THE  Posterior  Surface  OF  THE 
Lens.     Drawn  from   a  Lens 

HARDENED  IN  MÜLLER'S  FlUID. 

Magnifie<i  2X1. 

From  ttie  posterior  pole  of  the 
lens  Btart  three  primary  rayn,  one 
of  which  in  directed  straight  down- 
ward, the  other  two  inward  and 
upward  and  outward  and  upward. 
Tne««e  divide  into  their  branches  so 
near  their  origin,  in  this  case,  that 
the  Y-shaped  figure  is  here  not 
at  once  obvious. 
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lens  into  a  number  of  sectors  [see  Fig,  227]  whose  apices  meet  in  the 
r^on  of  the  anterior  and  posterior  pole^  of  the  iotis.  In  pathological 
cases — i,  e,,  in  opacities  of  the  lens — the  sectors  often  stand  out  very 
distinctly.     The  fibers  of  the  nucleus  are  distinguished  from  those  of 

I  the  cortex  by  being  slenderer  and  having  edges  that^  owing  to  the 
Ubrinking  of  the  fibers,  are  finely  crenated;  there  is,  however,  no  sharp 
Bne  of  distinction  between  the  nucleus  and  cortex, 
^  The  structure  of  the  leas  is  easy  to  understand,  when  we  know  its 
deveinpment.  The  lens  springs  from  the  ectoderm,  which  becomes  in- 
vaginated  so  as  to  form  a  vesicle  (L,  Fig.  165).  Since  the  coating  of 
cells  upon  the  pasterior  wall  of  the  vesicle  grows  out  and  is  used  up  in 
le  formation  of  lens  fibers  (Fig.  166),  no  such  coating  is  found  in  this 
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[Fia.  227. — Lenr-Star.    (-After   Babuchln.)    From  Norri*  und  Oliver. 

itml  portiofi  of  juiterior  lens-tttiT ;  B,  centmt  portion  of  pa-^l^rior  Jeii$-«t4ir.     In  both  figMres 
an»  seen  tJn«  Ivn»  fiber«  tenninfttin^  in  the  lines  of  junction  of  the  secton», — DJ 

situation  later  on;   hence*  the  posterior  capsule  of  the  lens  has  no  epi- 
IheliunL     By  this  outgrowth  of  cells  and  their  transformation  into  long 
^bers  the  vesicle  is  filled  up  so  as  to  form  a  solid  sphere.     In  this  sphere 
ich  of  the  newly  formed  fibers  extends  from  the  anterior  to  the  pos- 
Brior  lens  capsule  (Fig.  166),    Similarly  in  the  adult  lens  each  individual 
Iber  stretches  from  a  ray  of  the  posterior  to  a  ray  of  the  anterior  lens- 
tar.    The  subsequent  growth  of  the  lens  by  apposition  continuesj  as  in 
_case  of  other  epithelial  structures,  during  the  entire  life.     But  while 
t  other  epithelial  structures  (e.  g.,  the  epidermis,  hair^  and  nails)  the 
liation  of  the  oldest  cells  serves  to  maintain  a  state  of  equilibriuni, 
such  exfoliation  is  possible  in  the  lens,  which  is  completely  shut  in; 
^nd  in  this  ca^ie  compensation  takes  place  by  a  diminution  in  volume 
_pi  the  oldest  fibers  through  a  process  of  shrinking  (formation  of  the 
Bns  nucleus).    This  diminution  in  volume,  however,  does  not  fully  off- 
&t  the  appositional  growth,  so  that  the  lens  keeps  on  enlarging  even  io 
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advanced  life.  In  the  sixty-fifth  year  of  life  it  has  about  one-third 
more  volume  than  in  the  twenty-fifth  (Pijestly  Smith). 

The  zonula  ciliaris  consists  of  delicate,  homogeneous  fibers,  which 
take  their  origin  from  the  inner  surface  of  the  ciliary  body,  beginning 
at  the  ora  serrata.  The  fibers  at  first  keep  in  contact  with  the  surface 
of  the  ciliary  body  (2,  Fig.  143),  but  leave  it  at  the  apices  of  the  ciliary 
processes,  and,  becoming  free,  pass  over  to  the  edge  of  the  lens  (free 
portion  of  the  zonula;  2j,  Fig.  143).  As  they  do  this,  they  diverge  so 
as  to  go  partly  to  the  equator  of  the  lens  itself,  and  partly  in  front  of 
and  behind  the  equator  to  the  capsule  of  the  lens,  with  which  they  be- 
come fused.  The  space,  triangular  on  cross  section,  included  between 
the  fibers  of  the  zonula  and  the  equator  of  the  lens,  is  called  the  canal 
of  Petit  (i  iy  Fig.  143).  It  is  connected  with  the  posterior  chamber  by 
means  of  slit-like  gaps  between  the  separate  fibers  of  the  zonula. 

The  optical  function  of  the  lens  consists  in  its  bringing  the  rays 
that  have  been  already  made  convergent  by  the  cornea  still  closer  to- 
gether, so  that  they  unite  upon  the  retina.  For  this  purpose  the  refrac- 
tive power  of  the  lens  has  to  be  less  or  greater,  according  as  the  rays 
are  parallel  or  divergent  when  they  fall  upon  the  eye.  This  alteration 
in  the  refractive  power  (accommodation)  is  produced  by  a  change  of 
shape  of  the  lens  (see  §  140). 

In  regard  to  the  metabolism  of  the  lens,  see  page  11. 

I.    Opacities   of   the    Lens. 

A,  General  Considerations. 

88.  Opacities  of  the  lens,  called  cataract,^  may  be  situated  in  the 
lens  itself  or  in  the  capsule.  Accordingly,  we  distinguish  between  len- 
ticular and  caj)sular  cataracts:  by  the  combination  of  the  two  is  pro- 
duced capsulo-lenticular  cataract. 

The  objective  symptoms  of  lenticular  opacity  vary  according  to  its 
extent  and  its  intensity — partial  opacities  often  requiring  for  their  rec- 
ognition lateral  illumination  or  the  use  of  the  ophthalmoscope,  and,  if 
the  opacities  lie  far  in  the  periphery,  artificial  dilatation  of  the  pupil 
as  well.  By  reflected  light  (with  focal  illumination)  the  lenticular 
opacities  present  themselves  under  the  form  of  gray  or  white  spots  or 
striae.  These  often  exhibit  shapes  which  have  a  connection  with  the 
structure  of  the  lens — e.  g.,  the  shape  of  sectors  or  radii.  By  lateral 
illumination  it  can  be  determinedat  what  depth  the  opacities  are  situ- 
ated in  the  lens.  Opacities  of  the  anterior  capsule  are  distinguished 
by  their  brilliant  white  hue,  sharp  outline,  and  very  superficial  situa- 
tion; sometimes  they  form  a  distinct  prominence  upon  the  anterior 
surface  of  the  lens.  When  seen  with  the  ophthalmoscope — ^that  is,  by 
transmitted  light — the  lenticular  opacities  do  not  appear  white,  but 

*  Waterfall,  from  «aTapp^Kv/u,t,  I  pour  down. 
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dark,  like  black  dots  or  striae,  which  stand  out  in  contrast  with  the  red 
hue  of  the  pupi!  (see  pape  8^  Commencing,  yUght  opacities  of  the 
lens  can  be  recognized  only  by  mean.s  of  the  ophthalmoöcope.  Far 
pdvanced  opacity  of  the  lens  cnn  be  recognized  at  a  ghince  witli  the 
iked  eye  by  the  change  of  color  of  the  pupil,  wliich  h  white  or  a  gray 
^f  varying  degrees  of  brightness. 

The  subjvdjve  aijm  {4oms  of  opacity  of  the  lens  consist  in  a  disturb- 
ace  of  vision,  the  (Fcgrce  of  which  depends  upon  the  situation  and  t'lie 
la  füre  of  the  opacity.  Patches  of  cloudiness  that  are  small,  sharply 
ircumscribed,  and  at  the  same  time  as  ooaauc  as  possdjlc — as,  for  ex- 
implCi  anterior  pobir  cataract — cause  little  ur  no  impairment  of  the 
^ght.  Larger  opaeities  disturb  the  sight  to  a  considerable  degree^  and, 
iioreover,  alarm  the  patient  by  the  production  of  peculiar  phenomena, 
such  as  muscie  voUtantes  and  polyopia.  The  seeing  of  mtisciv  volitantes 
(mouches  volantes)  consists  in  the  patient's  nt^tieing  blac-t^  sj^>ccks  in 
the  fidd  of  vision,  which,  however,  if  caused  by  opacities  of  the  lens, 
ha nge  iheirj>l;ire  only  with  the  movements  of  the  eye,  and  hence  (i n 
ntradiytinctiun  to  opacities  of  the  vitreous)  always  occupy  the  same 
spot  in  the  field  of  vision.  They  become  objects  of  cognition  by  casi- 
ng a  shadow  upon  the  retina,  which  is  perceived  by  the  latter.  Mj^l- 
nle  visitm  {Doh/oma  moTiocularis)  causes  the  patient  to  see  the  same 
object  double  and  multiple.  It  may  sfimetimes  have  a  very  disturbing 
effect,  as  a  case  related  l>y  Becker  shows,  A  lamplighter  in  the  castle 
of  a  prince,  when  he  lightetl  the  candehibra  and  chandeliers  in  the  sa- 
lons the  evening  liefore  a  soiree  saw  thousands  of  lights,  which  con- 
fused and  friglUened  him  to  such  a  degree  that  he  got  the  idea  that  he- 
was  dealing  with  a  ghost.  The  reason  for  the  polyopia  is  found  in  the^ 
optical  irregularities  which  develop  in  the  lens  iis  it  grows  opaque  (Ir- 
regu  I  a  r  1  e  n  t  i  v  u  1  a  r  as  t  i  g  m  at  ism),  so  that  the  lens  thnnvs  upon  tjie  retinat, 
not  one  hut  -r^^ral  images  of  the  same  nliject.  These  phenomena 
often  bring  tlir  |>atienrto  u  physician  at  a  time  when  as  yet  no  consid- 
erable diminution  of  the  sight  exists. 

The  diminution  in  visual  acuitif  depends,  with  regard  to  its  degree, 
upon  various  circum,stance«-  It  is  greater  when  the  opacity  is  diffuse, 
s  when  it  is  sharply  circumscribed,  so  that  quite  clear  inten^paces 
found  between  very  opaque  spots.  The  case  is  the  same  as  with  a 
ndow-pane,  through  which  nothing  can  be  distinguished  when  it  is 
uniformly  covered  with  watery  vapor;  although,  if  a  wire  screen  is 
placed  in  front  of  the  f>thcrwjse  clear  pane,  we  can  still  see  pretty  well 
through  it.  The  interference  with  vision  is  also  greater  when  the  opacity 
is  situated  in  the  central  portions  of  the  lens  than  when  it  occupies  the 
periphery.  In  the  latter  case,  in  fact,  the  sight  may  be  perfectly  nor- 
mal: this  being  particularly  the  cavse  as  long  as  the  opacities  continue 
to  lie  completely  behind  the  iris.  Upon  the  situation  of  the  opacities 
furthermore  depends  the  sort  of  illumination  that  will  l>e  required  in 
order  for  the  patient  to  see  the  best.     With  a  central  opacity  the  sight 
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is  better  when  the  pupil  is  dilated,  because  the  still  transparent,  periph- 
eral portions  of  the  lens  are  then  used  #f or  seeing.  Persons  thus  af- 
fected, therefore,  see  better  when  the  illumination  is  reduced,  as  in 
the  evening  twilight;  they  have  nyctalopia.  In  l)right  daylight  they 
complain  of  being  dazzled,  and  shade  their  eyes  with  the  hamd.  In  such 
a  case  the  vision  can  also  be  improved  by  the  artificial  dilatation  of  the 
pupil  by  means  of  atropine.  The  reverse  occurs  when  the  opacities 
occupy  the  periphery  of  the  lens.  Then  vision  is  better  when  the  pupil 
is  contracted,  so  that  the  opacities  are  covered  by  the  iris.  Such  pa- 
tients try  to  get  a  bright  light,  and  see  better  by  day  than  by  night— 
hemeralopia. 

Later  on,  as  the  opacity  increases,  the  sight  becomes  more  and 
more  reduced,  the  muscsB  volitantes  and  the  polyopia  disappear,  and 
the  patient  grows  blind.  But  even  when  he  has  lost  the  ability  to  dis- 
tinguish objects  (qualitative  vision),  he  has  still  alwavs  left  himl;he 
perception  of  light  — the  distinction  between  light  slt^^  darkness,  or  quan- 
titative vision.  The  examination  of  the  perception  of  light  (see  §  156) 
is  of  great  importance  with  regard  to  the  prognosis  of  a  complete  opacity 
of  the  lens.  If  the  perception  of  light  is  deficient  yr  entirely  wanting, 
this  proves  the  existence  of  a  complication  on  the  part  of  the  retina  or 
the  optic  nerve,  in  which  case  an  operation  for  cataract  would  have 
little  or  no  result. 

In  former  times  when  focal  illumination  and  the  ophthalmoscope  were  unknown, 
one,  in  making  a  diagnosis  of  commencing  cataract,  had  to  depend  mainly  upon  the  sub- 
jective symptoms,  especially  myodesopeia  (the  seeing  of  musca;  volitantes),  which  was 
therefore  much  more  exactly  studied  and  worked  up  than  at  present.  At  that  time  it 
w^as  quit3  possible  for  pupillary  membranes,  which  made  the  pupil  appear  gray  or 
white,  to  be  regarded  as  opacity  of  the  lens,  and  they  were  therefore  called  Cataracta 
spuria.  We  shall  not  fall  into  this  mistake  if  we  observe  the  connection  which  a  pupillary 
membrane  almost  always  has  with  the  margin  of  the  pupil,  and  which  is  particularly 
marked  when  we  call  in  the  aid  of  atropine  But,  even  with  all  our  present  auxiliaries, 
it  is  of  ton  impossible  to  say  whether  the  lens  behind  a  dense  pupillary  membrane  is 
tran3pirent  or  opaque. 

Myopia  often  (develops  in  the  beginnimr  of  senile  cataract.  In  this  case  we  are 
dealing  with  elderly  people,  who  formerly  saw' well  at  ä  distance  and  used  convex 
glasses  for  reading;  and  who  then  be|^n  to  nn^jce  ^.hat  thev  could  read  fine  print  again 
without  fi^las338.  and  are  perhaps  very  much  pleased  at  this  so-called  "second  sight." 
That,  as  an  off-set  to  this,  they  do  not  see  as  well  at  a  distance  as  formerly,  often  es- 
capes their  notice.  Examination  of  the  eye  with  glasses  shows,  that  it  has  become 
myopic,  so  that  the  near  point  has  got  back  again  to  the  reading  distance.  This  myopifr  is 
ascribable  to  an  increase  in  the  density  of  thft  Ipn«  that  takes  place  while  the  cataract 
is  begmnmg  to  form,  an  increase  by  which  the  refractive  power  of  the  lens  is  heightened 

An  opacity  of  the  sam^  character  causes  more  disturbance  of  vision  when  it  is 
situated  at  the  posterior  than  at  the  anterior  pole  of  ^JiaJ^ns:  br  the  nodal  point  of 
the  eye— 1.  b.,  me  point  throujrh  which  all  rays  must  pass  that  enter  the  eve  without 
undergoing  ref»-action  (principal  rays)— lies  close  to  the  posterior  pole  of  the  lens  (cf. 
5  138,  Fig.  359A).  *^  *^ 

The  anaiimical  changes  forming  the  ^basis  of  lenticular  opacity  have  been  chiefly 
studied  in  senile  cataract.  Becker  is  the  one  who  by  his  profound  researches  has  done 
the  most  to  advance  our  knowledge  of  the  development  of  cataract.  The  changes  a£feci 
tlie  capsular  epithelium  and  the  lens  fibers. 
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In  the  cajmiJar  epithdtum  wc  fiml  destra(*tion  fi(  the  epithelium  eells  here  and  there 

and  side  by  side  with  t  hin,  what  may  be  lookwi  ufjoij  as  a  n^gencrativ^e  process,  niimely» 

a  growth  of  t»pithelifd  cells.     This  hofer  proces*i,  however,  takej^  place  irreRularly,  so 

that  close  by  the  Rap^  in  the  epithelial  layer  spots  arc  present  in  which  several  roll's  of 

^^■elis  lie  on  top  of  each  other  (Fig,22S,  ^,),  Moreover,  the  epitheimm  Giften  grow»  back- 

^^hkrd  past  the  equator,  so  that  the  posterior  eai>3iile,  too,  geti<  to  have  an  irregular 

^H|ütheUa]  coating  on  ilii  anterior  surfat-e. 

^^m  The  opacity  in  the  lern  itself  begins»  soinetimcfl  directly  beneath  the  capsule,  some- 
^^imes  deeper  in,  at  the  border  line  between  the  nucleus  imd  cortex.  Here  by  separa- 
tion of  the  lens  fibers  there  art:  formet!  clefts  hllr^l  with  liquid.  [These  clefts  have  been 
attributed  to  irregular  shrinking.  Ab  the  lena  hardetis,  the  m>ft  ctjrtex  normally  adapta 
it»elf  to  the  changing  .^ize  of  the  liard  nucleus.  In  a  lenn  that  is  becoming  cataractous  it  is 
supposed  that  shrinking  occurs  too  fast  or  too  irregularly  for  this  adaptation  to  take  place, 
in  which  case  the  lens  fibers  separate  and  cleftt*  are  formed* — D.l  The  lens  fibers  them- 
aelves,  which  bound  the  clefts,  arc  at  first  still  normal  and  beuche  transparent.  The  fluid 
which  collects  between  them  may  at  first  be  transparent,  t^o,  and  neverlheless  the  fipoin 
look  cloudy,  becÄUse  the  fluid  in  the  clefts  has  a  different  refraetivity  from  that  of  the 
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*,  anterior  capsule  of  the  lens;  r,  cpithfliutr^  occurring  »t  ei  in  i)ev«r»1  Inyrn»  txK'ause  of  pTolii- 
«rauon;  /♦  n<jnnft1  lens  liber»;  r,  ttKht-colrtred  vocuoie»  (dropä  of  liquor  MurKagni)  Lwtween  /  and  tbo 
epithelium.  The  fimures  oriKiaating  thruuich  the  s^parfttion  oi  rhe  leti«  fibers  are  filled  with  u  eraxiular 
maaa  (rioatfulatecl  fluid),  «,  whifh  m  pluoe*  furma  the  spheres  of  MciriEancDi»  M,  The  lens  filxsra  them- 
wives  »re  swoJieil  up  {q),  or  iraiulormed  iato  votticuläir  cell»  (b),  or  tjuurety  dijinl«gr«ii»d  (i). 


lens  substance  itself.  So,  too,  a  while  oparpje  foam  is  produretl  when  we  mix  transparent 
air  with  equally  transpturent  water  by  agitation.  Afterward  the  lens  fibers  themselves 
become  ckmdy.  They  look  at  first  us  \\  stprmkkd  wit  h  fine  du-sr ,  owin^  to  the  atrcumu- 
lation  in  their  interior  of  a  fatty  substance  in  extremely  minute  drops.  At  the  same 
time  that  the  lens  übers  get  cloody,  their  caliber  becomes  uneven,  because  they  hwcU 
up  JD  spots  (9,  Fig*  22>i).  In  this  way  bodies  that  are  large,  vesicular,  and  frequently 
nucleated  (vehicular  cells;  6,  Fig.  22S)  are  produced.  Finally^  the  lens  libel's  break 
down  completely,  so  that  from  the  lens  tissue  is  formetl  a  pultaceous  mass  consistinjc 
of  drop«  of  fat,  the  so-called  spheres  of  Morgagni  (a  coagulation  prwJuct»  Fir.  228,  M) 
remains  of  lens  fibers»  and  an  albuminous  liquid  (Fig,  228,  i),  Ae  the  lens  fibers  break 
down,  the  connection  betw^eec  them  an  J  the  capsule,  which  is  a  very  intimate  one  in 
the  normal  lens,  la  loosened ^  and  a  fiquid  (the  liquor  Morgagm)  poUects  in  open  spaces 
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between  the  lens  and  capsule  (at  v  in  Fig.  228,  appearing  under  the  form  of  separate 
vacuoles,  but  at  r.  Fig.  175,  accumulated  in  greater  amount  and  separating  the  capsule 
from  the  cortex).  By  this  process  the  removal  of  the  lens  from  the  capsule,  as  has  to  be 
done  in  a  cataract  operation,  is  facilitated. 

The  nucleus  of  the  lens  is  transformed  by  the  sclerosis  of  the  lens  fibers  into  such  a 
resistant  mass  that  generally  it  remains  unchanged  in  the  midst  of  the  disintegrating 
cortex  (k,  Fig.  175).  Hence  the  nucleus  of  a  cataractous  lens  is  usually  not  essentially 
different  from  the  nucleus  of  a  healthy  lens  of  the  same  period  of  life  (Becker).  But, 
if  there  is  no  hard  nucleus  present  yet,  the  disintegration  of  the  lens  is  complete  (Fig. 
176). 

The  subsequent  changes  in  the  opaque  and  disintegrated  lens  consist  in  the  first 
place  in  a  gradual  resorption  of  the  pultaceous  lens  masses.  In  this  way  lenticular 
opacities  may  clear  up  again;  not,  to  be  siune,  in  the  proper  sense  of  the  word,  by  the 
opaque  lens  fibers'  becoming  once  more  transparent,  but  by  the  disappearance  of 
the  opaque  parts.  The  sclerosed  nucleus  resists  resorption  as  it  does  disintegration. 
Cholesterin  is  not  infrequently  excreted  in  the  cortex  in  tabular  crystals,  which  are 
sometimes  large  enough  to  be  visible  to  the  naked  eye  as  glistening  points.  Lime  salts 
may  be  deposited  in  the  pultaceous  lens  masses. 

Capsular  opacity  is  not  situated  in  the  capsule  itself,  which  never  becomes  opaque, 
but  is  deposited  upon  the  capsule.  Opacities  of  the  anterior  capsule  are  caused  by  an 
opaque  tissue  which  is  found  on  the  inner  surface  of  the  capsule,  between  it  and  the 
lens  (Fig.  229).  This  tissue  takes  its  origin  from  a  proliferation  of  the  capsular  epithe- 
lium. The  cells  of  this  latter  increase  in  number  so  that  a  multiple  layer  of  them  is 
formed  (Fig.  228,  c,).  From  this  layer  there  is  formed  by  the  growth  of  the  epithelial 
cells  into  elongated  fibers  a  sort  of  fibrous  tissue  which  looks  like  connective  tissue,  but 
still  is  not  true  connective  tissue,  since  it  has  originated  from  epithelium.  By  the  inter- 
position of  this  tissue  between  the  capsule  and  the  lens  a  distinct 'elevation  is  formed 
upon  the  anterior  surface  of  the  lens. 

The  opacities  of  the  posterior  capsule  lie,  as  a  rule,  upon  its  posterior  surface. 

Inflammation  of  the  lens — phahUis* — does  not  exist.  Inflammatory  elements, 
such  as  round  cells,  occurring  in  the  lens,  do  not  originate  in  it,  but  enter  the  lens  from 
the  outside  through  an  opening  in  the  capsule. 

B.  Clinical  Forms  of  CcUaract. 

89.  Every  opacity  begins  at  first  at  some  special  spot  in  the  lens 
(partial  cataract).  It  may  remain  permanently  limited  to  this  spot 
(partial  stationary  cataract),  or  it  may  gradually  spread  over  the  whole 
lens  and  lead  to  total  cataract  (progressive  cataract). 

(a)  partial  stationary  cataract. 

1.  Cataracta  Polaris  Anterior. — A  small  white  dot  is  seen  at  the 
anterior  pole  of  the  lens.  Anatomical  examination  has  proved  that  it 
represents  an  opaque  tissue  lying  beneath  the  anterior  capsule  and 
between  it  and  the  lens — that  is,  that  we  are  dealing  with  a  capsular 
cataract  (Fig.  229).  Hence  this  form  of  opacity  is  also  called  anterior 
central  capsular  cataract. 

Anterior  polar  cataract  may  be  either  congenital  or  acquired.  Con- 
genital anterior  polar  cataract  is  bilateral,  and  consists  of  a  minute 
faini  dot  upon  the  anterior  pole  of  the  lens.  It  is  caused  by  some  in- 
terference with  the  development  of  the  lens,  the  precise  nature  of  which 

*  From  ^oxöf ,  lentil. 
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not  been  determined.  The  acquired  form  onginLite^  from  a  cen- 
I  ulcer  of  the  corn  ph.  When  such  tin  ulcer  perforates  and  the  aqueous 
escapes,  the  lens  pushes  forward  ^10  that  its  umbo  comes  into  direct 
contact  with  the  suppurating  cornea.  From  the  latter  toxic  suhstances 
diffuse  through  the  capsule  of  the  leny  and  de.stroy  its  epithelium. 
Afterward  a  reactive  proliferation  of  the  adioining  epithehum,  which 
has  been  pre*ser%'ed,  takes  place  topjether  with  the  fornuition  of  a  new 
ti.ssue  beneath  the  capsule,  this  tissue  appearing  under  the  form  of  a 
white  spot. 

The  apposition  of  the  lens  tji  a  perforation  in  the  cornea  leads  to 
anterioriKtlar  cataractjinTv  in  the  eascM>F  small  children,  ne\:er  injickilts. 
The  most  fryauent  eaui^e  of  perfor|ition  of  the  cornea  in  earlv  clnldl^ood 
is  blenBorrhiea  rteiinatorum.  and  hence  this  latter  is  to  be  looked  upon 
as  the  ordinary  cause  oi  anterior  polar  cataract. 


Fig.  229. — Am  ^hjuh  Uapbituar  Cayahac-i.    MaguilkxJ  40  .-,  1» 

^^  The  capsulftr  earoract  form«  a  prfjjectiuu  upon  the  anterior  surface  of  the  lens,  eoverwl  by  tlie 
M|Muie,  it.  wKicli  i(*  üDcliaiiKed  ami  i>iriipl>'  thruwii  into  fold».  Thi?  cApvular  epithelium  r.  Im**^  »l» 
recul^ty  At  the  bi^rdcr  of  the  ratarjtnt,  itH  ccIIm  ti^eiug  inrrpa;^  in  number  and  aeparaled  by  the  cata- 
ract from  the  capsule,  »r>  a»  to  form  for  a  j«hort  difitarice  the  powterior  boundary  of  the  oitntACt,  The 
catarmet  conMtat^  of  a  hbroiL<4  tissue,  with  celt«  tyifij;  in  the  j^pindlv-shaperJ  i(apä  betVk-een  thL>  libera. 
Sucoeedinie  the  cataract  ptinteriorly  is  h*|Uor  .Morgagni,  .U»  which  i«*  eougulated  into  a  puivrrrulent 
nuuw,  «eparating  the  cap^xile  fron:»  the  cataractoua  layers  of  the  lenticular  cort«A  (which  are  nut  ra|»- 
nmatmtl   in   the  drawu*itu 

Acquired  anterior  polar  cataract  is  bi^g:er  and  more  densely  white 
than  is  tlie  eongenitai To_r_m.  ^Sometimes  the  layer  of  opaque  tissue 
that  lies  f>eneath  the  eapsiile  and  corresponds  to  the  cataract  is  so 
extensive  as  to  produce  a  distinct  visible  conical  protrusion  of  the 
anterior  pole  of  the  lens.  This  is  called  a  pyramidal  cataract  (Fig. 
I      120.  p). 

Anterior  polar  cataracts  of  small  area  may  exist  without  givin^^  rise 
to  any  essential  disturbance  of  \ision,  this  generally  being  caused  more 
by  the  opacity  of  the  cornea  than  by  that  of  the  capsule.     Treatment» 
therefore,  is  generally  not  required  except  in  those  rare  cases  in  which 
I      the  cataract  is  so  large  i\s  to  occupy  almost  the  whole  of  the  pupil  when 
^^he  latter  is  contracted.     Then  an  iridectomy  would  be  indicated. 
^^       2.  Cataracta  Polaris  Posterüw,—Thls  consists  of  a  small  white  dot 
r  Vi  the  posterior  pole  of  the  lens   (Fig,  232),  which,  on  account   of  its 
deep  location,  is  generally  to  be  discovered  only  with  the  ophthalmo- 
scope.    It  belongs  to  the  posterior  capsule,  and  is  hence  also  called  pos- 
irior  central  capsular  cataract.     Posterior  polar  cataract  is  congenital, 
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and.  Hftt.es  from  thp  fimp.  wh^n  the  hyaloid  artery  passed  throujgh  the 
vitr^QiijLto  the  posterior  pole  of  the  lens  (see  page  ^78  and  Fig.  166). 
When  this  disappears  incompletely,  some  of  its  tissue  remains  upon  the 
posterior  capsule.     Hence,  we  sometimp^s  find  pnst.^.rinr  polar  cataract 

«imiill^prif^misly  w^th  nftrsistftnoft  of  the  hvftlniH  iirjyrv.  The  interfer- 
ence with  vision  is  inconsiderable  when  the  cataract  is  small.  Treat- 
ment, none. 

The  anterior  and  posterior  polar  cataracts  are  capsular,  while  the 
partial  stationary  cataracts  about  to  be  mentioned  are  all  lenticular. 

3.  Circumscribed  Opacities  of  Various  Kinds  in  the  Lens  itself, — 
In  this  category  belongs  central  cataract,  a  small  spherical  opacity  di- 
rectly in  the  center  of  the  lens.  Tne  Cataracta  hisiformis.  or  spinSle- 
shaged  cataract,  consists  of  an  opaque  line  which  runs  in  the  axis  oFthe 
lens' from  the  anterior  to  the  posterior  pyle.  and  presents  a  spindle- 


shaped  sweiung  at  a  pomt  corresponding  to  the  center  of  the  Ijens.    In 
Cataracta  vunctata.  extr 


^^^_^  tremely  minute  white  dots  are  found,  either  dis- 
tributed  uniformly  through  the  whole  lens  or  united  in  a  group  in  the 
anterior  cortical  layer.  Besides  the  forms  just  mentioned,  numerous  other 
forms  of  circumscribed  stationary  lenticular  opacities  are  known,  all  of 
which,  however,  occur  so  rarely  that  the\'  do  not  need  to  be  minutely 
dascribed  here.  All  these  opacities  are  sharply  circumscribed,  and  are 
sometimes  of  very  regular  and  graceful  shape;  thev  are  congenital,  and 
are  mostly  found  in  both  eyes.  They  are  often  inherited,  although  the 
same  forms  of  cataract  are  not  always  met  with  in  the  different  mem- 
bers of  the  same  family.  Eyes  affected  with  cataracts  of  this  sort  not 
infrequently  present  other  congenital  malformations  too,  or  are  found 
in  individuals  whose  whole  development,  mental  or  physical,  is  imper- 
fect. Most  of  these  opacities  in  themselves  cause  little  impairment  of 
the  sight,  which,  however,  is  often  defective  for  other  reasons. 

4.  Perinuclear  {or  Zonular^  or  Lamellar)  Cataract. — This  is  the 
most  frequent  form  of  cataract  in  children.  After  dilating  the  pupil, 
we  see  a  gray,  discoid  opacity  in  ine  lens,  surrounded  by  a  perfectly 
transparent  marginal  portion  (Fig.  230).  The  diameter  of  the  opaque 
disk  is  sometimes  larger,  sometimes  smaller,  and  so,  too,  consequently, 
is  the  width  of  the  peripheral,  transparent  zone  (P).  Upon  examina- 
tion with  the  ophthalmoscope,  the  cataract  appears  as  a  dark  disk, 
surrounded  by  the  transparent  and  therefore  red  and  illumined  periph- 
ery of  the  pupil.  The  darkne^^«^  f|f  fhr  ^'"''  'n  greater  near  the  edge 
than  in  the  center,  by  which  circumstance  a  zonular  cataract  is  dis- 
tinguished from  a  solid  opacity,  which,  as  it  affects  the  nucleus  too, 
would  necessarily  be  densest  in  the  center.  Along  the  outline  of  the 
opacity,  which  usually  is  sharply  defined,  small  opaque  dentations  are 
not  infrequently  found,  called  riders,  projecting  from  the  margin  of 
the  cataract  into  the  transparent  periphery,  like  the  spokes  on  the 
steering-wheel  of  a  steamship  (in  Fig.  230  represented  only  in  the  up- 
per half  of  the  Cataract). 
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Lamellar  cataract  is  caused  by  an  opacity  of  the  layers  lyin^  be- 
tween the  nucleus  and  cortex  (Fig.  231,  s),  while  the.se  two  themsdves 
are  transparent  (Jäger).  The  rider«  on  the  periphery  of  a  lamellar  cat- 
Jiract  signify  that  opacities  are  present  in  a  second  layer  outside  of  the 
firsts  and  that,  moreover,  they  are  present  at  first  only  at  isolated  spots 
along  the  equator  of  this  first  layer  {r,  Fig.  231),  These  partial  opaci- 
ties embrace  the  equator  of  the  inner  opacity  in  front  and  behind; 
they  ride  upon  it,  as  it  were,  whence  the  name  ritters. 

Lamellar  cat  a  met  ahriost  always  nffects  linth  fives.  It  is  either  con- 
genital UTj  if  not,  originates  in  earFest  childhood.  It  is  found,  above 
all,  in  children  who  have  i^uffered  from  con\Tilsions  (Arlt).  At  the  same 
time  there  are  founrl  rcsidiuLof  rickets  in  the  bones  aii<l  changes  in  the 

Fig.  231. 


Flo.  -im. 


PfO,  230-—LAMHLLAR  Cataract  »KEN  by  UFFUKr-rEn  Lioirr.  MwKnifuspi  ,J  •  o.  The  iri*,  /,  Uftp 
nrtrAeted  under  atropine,  Thi'  opacity  forming  the  Imneliar  cmtarart  i^  «irttM>r  tit  Ihn  margin  than  at 
lb«  oeDter.  'iiie  rider»  are  depictwl  in  \}w  upp<M-  half,  but  are  Itrfl  out  kjelow  tu  j^Iujw  how  a  hvnielLar 
csiftrftct  lool»  without  thom,  Hetweciti  rhu  tnargirii  of  tL(*  opacity  ami  the  uiargui  of  the  pupil,  f^  ia  ft 
bUck  interface  correi^poatlifiK  lo  th»?  irannparcnt  periphery  of  the  \ens, 

FiQ,  231. — Lamkllah  Cataract  in  Orc»s»  8l<.tio.v.  fck-HF.MATii'.  Ma;B:nilic(J  2  ■  L  T lie  layer» 
«,  plmemd  brtween  nueleu»  and  cortex^  are  opaqjue,  but  the  adjacexit  [«.^er  is  »o  only  in  the  iM^utitorial 
racoon»  r,  90  that  nder!>^  are  formed. 


tgglh  (Homer),  In  very  recent  times  lamellar  cataract  lia.-^  l>ccii  connected 
with  the  tctnnv  of  chikihooti  jTcter),  anfl  lo  this  also  th<^  convulsion,s  have 
been  attributtMl.    lidicritanrc  nf  lamclbir  cataract  is  not  infreqin'ut, 

Pcnnuclea:r_cMtaract  is  sfiitinnar^^  as  a  riilcj  although  there  are  cases 
in  which  it"^rätjually  develops  mtu  :i  total  opacJtv/ 

^1le  degree  of  interference  with  vision,  due  to  lamellar  cataract, 
does  not  depend  upon  the  diameter  of  I  he  opacity,  for  lamellar  cata- 
racts of  even  small  diameter  are  always  large  enough  to  occupy  the 
whole  pupillary  area  of  the  lens,  so  that  the  transparent  peripheral  zone 
is  always  entirely  concealed  behind  the  iris  when  the  pupil  is  not  di- 
lated. Hence,  as  far  as  vision  is  concerned,  the  denseness  of  the  opac- 
ity is  the  only  thin^  that  has  to  be  considered.  As  this  latter  varies 
greatly,  all  gradations  are  found  between  almost  normal  sight  and  con- 
siderable impairment  of  vision. 

Treatment  is  required  for  lamellar  cataract  only  when  the  interfer- 
ence with  vision  is  considerable.    In  these  cases  there  are  two  ways  to 
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T^an_Lri(lectöm\\  or  the  lens  uuiy  be  retnoved  altogether.     The 
8  accomplished  in  young  people  by  discission;    in  older  ones. 
a   hard  nucleus  i.s   already  present  in  the  lens,   by  extraction*, 


i>f  the  lens  is  l>road  enoiigh  to  make  distij; 
1  o  estat>lish  the  availaliility  of  the  peripherj^  of  the  len 


choose  from  for  improving  the  sight  Ijy  operative  meam;.     The  trans»' 
parent  periphery  mavjbc  exposed  und  rendered  available  for  vuFon^y 
means  <if  aM_[ndectom\\  or  the  lens  nuiv  be  removed  altogether 
latterT  r-^— *^  • 

whom 

Each  of  these  procedures  has  its  definite  indications,  its  advantages^  and 

its  disadvantages, 

Irideelomy  is  proper  only  when  the  peripheruL  transparent  zone 
thf*  Ipns  is  protty  hrojul  U  retuitLs  for  the  patients  the  possibihty  of 
seeing  at  a  distanee  and  near  by  without  glasses,  but  the  visual  acuity 
is  never  particularly  igjod,  since  in  fact  the  central  opacity  remams,  and 
the  iridectoiiiy  causes  disfigurement  liy  depriving  the  pupil  of  it^  round 
shape,  and  also  gives  rise  to  dazzling.  On  the  other  hand,  reinoval  of  th*^ 
lens  produces  a  radical  cure,  and,  in  favorable  cases,  may  raise  the  visu  a 
acuity  to  normal ;  the  pupil  too  remaiiLs  round  and  molxile.  This  operationJ 
however»  renders  the  patient  exceedingly  hypermetropic  and  deprives  hiB 
of  the  ability  to  accommodate,  so  that  he  is  compelled  alwavs  to  use  g!fl>s 
and  is  dependent  on  them  all  his  lif*\  rience,  we  [prefer  iridectomy  wliefl 
the  transparent  peripher}^ 
vision  poj^il>le.     I'o  estatjii 

for  vision,  the  visual  acuity  is  deterniineit,  first,  with  the  pupil  contract 
and  then  after  its  artificial  dilatation  with  atropine.  If  the  visual  acuity 
consider alily  increased  in  the  latter  case,  iridectomy  is  indicated.  [Wlic 
to  place  the  iridectomy  can  be  found  by  noting  how^  a  stop  with  pei 
shaped  aperture  has  to  l>e  placed  before  the  dilated  pupil  for  the  patiei 
to  «ee  best  (s*^  page  511). — D.]  In  all  other  cases  removal  of  the  lens 
to  he  performed  and  this  is  the  usual  ofHTation  for  lamellar  cataract,  since 
hut  few  <;-ases  ^t^^  suitable  for  iridectomy. 

5.  Caittructa  Corticalti^i  Anterior  el  F^oskrior.—ln  this  there  is  foun^ 
in  the  anterinr  t>r  posterior  cnrticnl  ]iiY^r  of  the  lens  a  stejiate  or  rev 
setlj^shapfil  ITf^pp    !l  ^- »  ■  ■ 

lens,   w !i ile  itjj 

233).     Anterior  cortical  cataract  is  much  rarer  than  the  posterior  v; 
riety;   sometimes  both  are  found  together.    The  two  forms  of  catara^ 
occ/ur  general Iv  in  those  eye^  which  suffer  from  i  Sections  of  the  ^eeil 
parts,  like    c  hon  oh  lit  is,  retinitis   pigmentosa,   fluidity  of  the  vitreouaJ 
etcT  the  disturbance  in  the  "nutrition  of  the  lens,  thus  produced,  in- 
duces the  formation  of  an  opacity  in  it.    The  interference  with  \4sion  iä, 
usually  considerable,  since  it  is  caused  not  only  by  the  opacity  of  tl 
lens,  but  also  by  the  involvement  of  the  fundus.     Anterior  and  ofAstc 
rior  cortiyid  ciitjinicrs  rnmnjn  siLjHjnpiii-y  for  many  Veal's  and    then    ai 
length  pass  into  tot-^1  .ip^i>itv  nf  thp|pns;      They  accordingly  const i tut 
a  transition  between  the  stationary  and  the  progressive  forms  of  eatfl 
ract.     When  they  have  induced  total  cataract,  they  afford  a  bad  progJ 
nosis  for  the  operation  on  account  nf  their  being  complicated  with 
lesion  of  the  fundus. 


e,  the  (-enU'r  of^vhich  corresnonds  [t^  the  poh-  of  th** 
rays   ajT  directed   radiallv   toward   the  periphery    (Fig 
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rostcrior  polar  nnd  pcmlerior  roTiiail  cataracts  are  frequently  ronfounded.  Accord- 
ingly, I  present  a  drawitig  of  tlict  two  kinds  of  cataract  «ido  hy  nid«  to  show-  the  differ- 
ences. Polar  CÄtaract  is  a  rtiund  dot  (Fig.  232),  and  represents  a  tiB8\»e  that  in  deposheil 
upon  the  posterior  surface  of  the  pcxsterior  capsule  of  the  lens.  Anatonucally,  therefore, 
this  form  of  cataract  d<»eii  mit  l>eloug  to  the  cataracts  at  all,  since  the  opaque  tissue  lies 
outside  of  the  Icim  sj'Ktf^rii.  It  hence  show«  no  indication  whalevcr  of  a  radial  fltructitre, 
which  is  the  very  feature  that  is  characteristic  of  a  posterior  coitit^al  cataract.  1  he 
latter,  in  fact,  is  tiol  f>nly  irmch  larger  than  a  pxslerior  p*ilar  cataract,  hut  also  hoa 
always,  in  conformity  with  the  radiating  arrangement  of  the  Icrm  filers  at  its  posterior 
püiL%  the  simpe  of  a  siar  or  a  roöeti«,  with  course  or  fine  radial  st  nation  (Fig,  233). 


Fto. 


232.— Poamejuoii  Polar  Cataract. 
Masniftetl  2  -  1, 


Fia.  233. — PoBTTERjait  Coktical  Patakact. 


Ku^anUTior  ^vihir  ytit^trad  is  soniethne.^  jotntHl  by  a  filament  of  connect ivp  tiw-s»t» 
with  a  central  cicatnv  ^f  thf*  rynPiT  1  his  takes  it-s  origin  ironi  tlie  tune  when  the  len» 
wa.s  applied  to  the  cornea  after  the  perforation  of  tlie  uJcer.  The  Icils  and  cornea  were 
then  glued  together  by  a  mass  of  exudation,  which  may  afterward  liecome  organijeed 
and  l>e  drawn  out  into  a  long  filaincnl  when  the  anterior  chamlx*r  is  reconstituted. 
Generally  the  filament  ends  by  rupturing,  but  exceptionally  it  may  persidt  all  ihrough 
life  and  conoect  the  corneal  cicatrix  with  the  anterior  i^ile  of  the  lens. 


r 


<n3gi^ri^^-^ 


.  2a4- — Teeth  with  HYPotL-vhiA  oe  run  Esxuu,  fmom  a  .Ua.n  with  Lahkllak  Cataract. 


Ttie  teetJi  arf  yi?1low  with  rough  xurfaep^  In  rao«1  of  thc?m  two  furrows,  »ppo^rsitOfl  by  n  protuber- 
ance, niii  mroiind  ill«?  crown.  Ttie  prntytwrfinnMj  repri*.sjf^nt>i  nn  pnanicl  of  nortrml  lluckne-^!«.  wtiile  in 
the  c<»tjn*e  of  the  furrow  ttie  enamel  is  very  tliin.  8o  too.  the  tiltli'  pil>  which  are  to  t«»  '^en  iii(K»t  di»- 
iilictly  nn  ttie  ri^fht  upper  rjniine  tootti,  indiieatc  »pots  where  th<»  ertamel  i;*  tliinned. 


There  aty  caf^es  of  anterior  prilar  catarnct  in  which  the  corneal  cicatrix  that  is  l^t 
by  theiilc<'r  diX's  nui  In'  \n  t  In-  pugnuary  area,  t>iit  in  the  penprier>'  of  iJw  cornea.  Hen^, 
it  tollows  that  n»e  perlorattun  must  liavc  mvurred  at  some  point  not  clirectly  in  the 
center  of  the  cornea.  Indeed  it  appears  thai  in  rare  cilscw  deeply  iMnici rating  itlcers 
niay  c^use  an  anjeriur  polar  cat  ar;it;t  even  whenthcre  is  no  perforatTon,  Of  coianae, 
then  the  toxirisS  formed  m  the  cornea  can  no!  a(^!  SO  iMllMiyt'iy  ^Sh  the  l^n«  as  when  the 
len.s  comes  in  direct  contact  with  the  suppurating  comea,  and  hence  a  capsular  ojmcity 
dev'elop«  hut  rarely  in  such  cases.  That  a  capf^ular  opacity  always  occupies  the  anterior 
pole  is  accounted  for  by  the  fact  that  in  the  area  of  the  pupil — which  iw  very  narrow 
as  long  a.-^  the  inflammation  lasts — the  lens  capsule  is  tiircctly  expcN^  to  the  deleteriouA 
ttction,  while  in  the  rei*t  of  its  extent  it  is  proticted  Ijy  the  iris. 
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Coraeal  opacities  acquired  in  very  early  cliildhood  often  clear  up  to  an  extraor- 
dinary degree,  so  that  in  anterior  polar  cataract  it  is  not  always  a  dense  cicatrix,  but 
often  only  a  slight  cloudiness  of  the  cornea,  that  is  found.  If  this  latter  is  overiodced, 
the  method  of  development  of  the  cataract  might  become  a  matter  of  doubt. 

Anterior  polar  cataract,  through  subsequent  contraction  oif  the  newly  formed 
tissue,  sometimes  causes  a  wrinkling  of  the  adjacent  portions  of  the  anterior  capsule, 
visible  upon  examination  with  a  magnifying  glass.  Beneath  the  capsular  opacity  dis- 
integration of  the  adjacent  lens  fibers  sometimes  takes  place.  In  such  a  case  opacity 
of  the  entire  lens  (total  cataract)  may  |ifterward  ensue. 

Homer  propounded  the  view  that  perinuclear  cataract  was  the  result  of  a  rickets — 

the  latter  being  a  disorder  of  nutrition 
which,  besides  affecting  the  bones,  affects 
epithelial  structures  too,  especially  the 
teeth  and  the  lens.  The  teeth,  espe- 
ciallv  the  incisor  teeth,  in  the  slight  cases 
display  horizontal  rows  of  small  depres- 
sions or  horizontal  furrows  in  the  enamel 
(Fig.  234).  When  these  defects  are  still 
more  strongly  marked,  the  tooth  gets 
to  have  a  sort  of  terraced  shape,  and  is 
tapered  down  toward  the  incisor  surface. 
Sometimes  the  teeth  are  so  abortive  in 
development  that  they  are  repres^itecl 
by  small,  cubical  or  irregular  stumps. 
In  the  more  serious  cases  the  enamel 
coating  is  absent  on  the  incisor  surface 
or  is  even  absent  altogether;  the  dentin 
lies  bare,  and  upon  its  rough  surface  a 
thick  layer  of  yellow  tartar  is  deposited. 
Owing  to  this  deficiency  in  the  enamel 
coating,  the  teeth  become  rapidly  carious 
and  break  off,  so  that  it  is  not  unusual  to 
find,  especially  in  peasants,  nothing  of  the 
incisor  teeth  except  the  broken -off 
stumps.  The  lens,  which  in  its  develop- 
ment has  much  in  common  with  the  teeth, 
is  also  .«supposed  to  undergo  some  disorder 
during  a  period  of  its  development,  while 
later,  after  the  di.sappearance  of  the  dis- 
order, normal  transparent  layers  of  lens 
substance  are  again  deposited. 

The  discovery  of  the  way  in  which 
lamellar  cataract  develops  is  rendered 
difficult  from  the  fact  that  we  do  not  at 
The  diameter  of  the  lamellar  opacity  is  so 
small  as  to  form  an  argument  for  the  intrauterine  origin  of  the  cataract;  on  the  other 
hand,  in  some  cases  it  has  been  actually  observed  that  a  lamellar  cataract  originated 
after  birth.  But  in  every  other  case  what  we  see  is  a  lamellar  cataract  that  is  already 
fully  formed,  and  we  do  not  know  w^hen  it  developed.  It  is  easy  to  understand  why 
this  should  be  so.  For  the  persons  thus  affected  with  it  are  not  blind,  but  are  simply 
weak-sighted;  hence  the  affection  from  which  they  suffer  does  not  generally  make  itself 
apparent  until  the  time  when  greater  demands  are  made  upon  the  eyes — that  is,  in  the 
first  years  of  instruction  at  school. 

Deutschmann  and  others  have  made  anatomical  examinations  of  lamellar  cata- 
racts. These  examinations  showed  that  within  the  opaque  layer  numerous  small  gaps, 
or  vacuoles,  filled  with  liquid  are  present  between  the  lens  fibers;  while  within  the 


Fio.  235. — Lamellar  Cktahact.   Magnified  12X1. 

The  «pecimon  was  from  a  man,  fifty-seven  years 
of  age,  who  had  suffered  since  childhood  from  lamellar 
cataract  of  both  eyes.  The  diameter  of  the  opacity, 
measured  in  the  extracted  lens,  amounted  to  G  mm. 
In  the  specimen  the  capsule  and  also  the  most  superfi- 
cial layers  of  the  cortex  are  wanting,  as  they  were  left 
behind  in  the  eye  when  the  extraction  was  made. 
The  layers  lying  between  the  nucleus  and  the  cortex 
show  numerous  small  cavities  (droplets),  which,  in 
conformity  with  the  fibrillary  structure  of  the  len-«, 
are  elongated,  and  are  arranged  concentrically.  In 
some  places  they  have  coalesced  so  as  to  form  larger 
cavities.  Such  droplets  are  found  in  the  nucleus 
also,  but  in  smaller  number,  while  the  cortex  is  free 
from  them.  Besides  the  zone  of  vacuoles,  which 
corresponds  to  the  perinuclear  opacity,  two  slender 
clefts  are  visible,  forming  arcuate  lines,  one  of  which 
is  still  within  the  «one  of  vacuoles,  while  the  other 
runs  along  the  peripheral  border  of  the  latter. 

all  know  at  what  period  of  life  it  develops. 
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i€u»  itself  only  one  or  two  svirli  \'aruoles  are  to  be  founcJ.    In  addition,  larger  fissure« 
ur.  flurroiinriinK  tho  niicliais  liko  a  shell  (Fig.  235), 

L&incllar  cataract  docs  not  always  present  a  uniformly  gray  disk,  but  frequently 

libit«  a  oomplicutwl  structure.     Densely  opaque  dots  or  Rraceful  figures  arc  often 

noticed  in  the  anterior  or  posterior  opaque  layers,  or  markedly  opaque  sectors  are  con- 

trftsied  with  the  less  opafpie  matter  in  their  vicinity.    Again,  while  the  riders  eorre»i>ond 

I      to  partial  opaiuties  of  a  neighboring  layer,  the  latter  may  al-so  he  opaque  through  \is 

I      entire  extent  90  as  to  surrowul  the  ituirr  opaque  layer  like  a  eknik,  vvlnle  at  the  .-«ame 

time  separat«!  from  it  by  a  thin  tranj<parent  strM^^rti-    Thus  there  orip^nate  double  or 

even  triple  lamellar  cataracts. 

People  stifTerin^  from  Ijunt  llur  cattiract  arc  ofti^i  inyyi^^- ;  for  on  accouiil  of^he 
indistitictni'^s  of  Tl^e  lehtial  ijujij^irs.  I  hey  are  eompeiieil  ro  Dring  ohjtrjs  closer  to  the 
^■tea^in  order  to  make  up  in  tne  si?,r  of  the  ret'mal  ijriüge-^vvtial  Ifiey  lack  in  rlc^^nic««. 
^^porn  this  apparent  myofiia  a  rraroiu  usually  develops  .-^iihsi  goontly,  because  thro u gh 
^^Bc  habit  of  constantly  looking  at  ohicct«  oear  by,  the  posterior  \vtdl  of  the  eyeball  U*- 
^Hbvnes  stretched  anti  the  axi«  of  the  eyeball  elonj^atetl. 

1^^  [The  pear-shaped  stop  (page  50.S)  Is  t\  disk  ha\'inK  a  circular  hole,  4  mm.  in  diam- 
eter, with  an  offset  notch,  4  mm.  iugh  and  2,5  mm.  wide  (rf.  FSft.  407).  The  dii?k  i» 
set  aa  ck»se  to  the  eye  as  possible,  with  the  circular  hole  concentric  with  the  dilated 
pupil,  and  is  turned  until  the  patient  s^'cs  best.  The  t)Of<ition  of  the  notcli  then  indi- 
cates the  site  for  the  iridct^tfimy, — D.] 

Cairmtcta  corticalui  anh^rior  and  poakTiar  are  sometimes  observed  after  injury  of 

lens,  and  that  both  when  the  lens  capsule  is  opened  and  ik\m  in  simple  contusion  of 

leos  without  opening  of  the  capsule.    The  stellate  opacity  in  the  cortex  develops 

the  days  iramediatcly  ^icee^tüng  the  injury,  and  tnay  either  rapidly  pass  ovqt  into 

omplete  opacity  of  tfie  lens,  or  may  remain  stationary,  or  may  even  disappear  again. 

he  rapid  development  of  these  opacities,  as  well  w^  the  fact  that  they  can  disappear, 

urates  that  they  eon)»i.^t  in  some  chanj?e  of  the  lens  fibers,  which  can  abate  again  — 

^rhaps  being  a  swell  inn  of  the  fibei^  without  disintcfrration, 

(d)    PROCRESSIVE    CATARACT. 

90*  Progressive  cataracts  be^in  as  partial  opacities,  which  steadily 
Extend  until  at  length  they  occupy  the  entire  lens.  This  in  true,  with 
the  quahficution  that  the  jiortion  of  the  lens  alrt^ndy  KelproKpd — that 
is,  the  nucleus— ordmiirily  rf>ioninK  pvonipt  fmin  npoclly  Hence,  opacity 
of  the  iena  in  all  its  part^  occurs  only  in  young  persons  whose  lem?  as 
yet  has  no  hard  nucleus:  in  older  people  the  nucleus  genomlly  remains 
transparent.  The  time  required  for  a  lenticular  opacity  to  involve  all 
the  parts  that  are  capable  of  beconiinf;  opaque  at  all,  varies  very  greatly. 
There  are  cases  in  which  a  transparent  lens  becomes  completely  opaque 
within  a  few  hour^,  while  other  cataracts  require  many  years  before  they 
can  become  total. 

We  distinguish  in  the  coui-se  of  a  progressive  cataract  four  stages, 
which  are  best  marked  in  the  most  frequent  form  of  cataract,  senpe 
ca^^aj^j^t.  To  this  form,  therefore,  the  following  description  mainly 
applies: 

First  stage.  Cataracta  Incipiens. — Opacitie^s  occur  in  the  lens,  be- 
tween which  are  found  spots  that  are  still  transparent.  The  shape  of  the 
opacity  is  most  frequently  that  of  sectors  (so-called  spokes),  the  base  of 
which  look  toward  the  margin,  and  their  apex  toward  the  poles  of  the  lens, 

Secon<l  Stage,  Cnlarado  hüumescens^— In  pro]>ortion  as  the  lens 
ecomes  more  opaque,  it   contains  more  and   more  water,  and  hence 
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swells  up.  This  increase  in  volume  of  the  lens  is  recognized  by  the 
increasing  shallowness  of  t]^^  ftntprior  pViannhfif^  As  long  as  the  opacity 
has  not  reached  to  the  anterior  capsule,  the  iris  throws  a  shadow  upgn 
the  lens.  To  see  this,  a  Hght  is  held  near  the  eye  and  to  one  side  of  it. 
Then  a  black  shadow  is  seen  at  that  side  of  the  pupillary  margin  that 
is  turned  toward  the  Ught  (Fig.  236).  This  arises  from  the  fact  that 
the  opaque  layer  of  the  lens  upon  which  the  iris  casts  its  shadow  lies 
some  distance  behind  the  iris.  This  opaque  layer  acts  like  a  screen 
which  receives  the  shadow  of  the  iris.  An  observer,  looking  at  the  eye 
from  in  front,  sees  then  that  portion  of  the  shadow  which  does  not 
lie  behind  the  iris  itself  (a  6,  Fig.  237).  This  portion  of  the  shadow 
becomes  narrower  the  nearer  the  opacity  approaches  the  iris,  and  finally 
disappears  altogether  when  the  opacity  reaches  the  anterior  capsule. 

Fio.  237. 


Fig.  236. 


i 


FiQ.  230. — Shadow  of  the  Iris  seen  prom  in  Front.  The  crescentic  shadow  appears  at  that 
side  of  the  pupillary  margin  that  is  turned  toward  the  source  of  light,  J^. 

Fig.  237.— -Shadow  of  thk  Irib  upon  the  Lena  in  Schematic  Cross  Section.  The  inner  layers 
of  the  lens  are  supposed  to  be  opaque,  the  peripheral  ones  transparent.  The  source  of  light,  L.  throws 
upon  the  surface  of  the  opacity  a  shadow  from  the  iris,  whose  central  border  is  at  6.  An  observer, 
lookim;  from  a  point  straight  in  front  of  the  eye,  sees  a  portion  of  this  shadow,  of  the  width  a  6,  nm- 
ning  ^ongside  of  the  pupillary  margin  of  the  iris. 

The  distended  lens  has  a  bluish-whit.ft  f]^lf)r  and  a  marked  silky  luster  of 
the  surface,  and  shows  very  clearly  the  stellate  markings  of  the  lens. 

During  the  stage  of  intumescence  the  opacity  of  the  lens  becomes 
total.  As  soon  as  this  has  taken  place  the  lens  begins  gradually  to  lose 
water,  so  that  it  returns  once  more  to  its  former  normal  volume.  The 
lens  then  enters  upon  the — 

Third  Stage  (Stage  of  Maturity).  Cataracta  Matura. — The  ante- 
rior chamber  is  once  more  of  normal  depth,  and  the  iris  no  longer  casts 
a  shadow — a  proot  that  the  opacity  of  the  lens  has  become  total.  The 
lens  has  lost  its  bluish-white,  iridescent  look,  and  has  a  dull-gr^y  Q^ 
brownish  color;  the  radial  markings  of  the  stellate  figure  of  the  lens 
are  still  lor  the  most  part  recognizable.  A  mature  cataract  has  the 
property  of  separating  readily  from  its  connection  with  the  capsule. 
This  is  partly  because  the  disintegration  of  the  lens  fibers  has  proceeded 
right  up  to  the  capsule,  partly  because  the  lens,  formerly  enlarged,  has 
diminished  again  in  volume,  and  thus  the  connection  between  the  sur- 
face of  the  lens  and  the  capsule  is  loosened.     The  lens  then  lies  in  its 
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Fi'i,  238.— MoBOAOMAN 

Cataract«  Natural  i^i^us. 

Tlic  pupil  iHrlilatH  with 
Atropine;  the  piark  nurlpii!« 
in  tbi»  coj*«  i»  particu- 
lurly  bi£. 


capsule  like  a  ripe  fruit  in  its  riiid  (Arlt);  and  thuß  it  has  become  rip« 
for  operation,  since  it  is  of  great  importance  that  the  cataract  should 
be  capable  of  removal  from  its?  capsule  without  many  portions  of  the 
lens  remaining  behind.  The^e  would  form  a  new  opacity  in  the  pupil 
— a  secondary  cataract — and  thuü  render  the  result  of  the  operation 
doubtful. 

Fourth  Stage,  Cataracta  Hyjjer  mat  um, —The  further  metamor- 
phosis of  a  mature  cataract  con.si^ts  in  the  complete  disintegration  of 
the  opmitip  l^'^Tifj filler  m'A.<A  T\üs  becomes  converted  intrj^a  puJtaceOus 
subgiimce,  wliicli  no  lortper  shows  au_v  trace  of  the  original  strijcture  of 
the  lens,  its  formation  out  of  sector«,  etc.  Hence»  in  a  hypermaiure 
cataract  we  either  see  no  marking  at  all,  or  nothing  but  irregular  spots 
— no  radii  nor  sectors.  The  cjinsistence  possessed  bv  a  hvpermature 
cataract  depends  uiion  whpj|if^r  thiv^rrniiiird  Ins^s  of 
water,  which  began  after  the  intumeseence  of  the 
catt^ppt  and Tcdurejl  tlie  latter  to  its  normal jiol- 
ume,  keej>s^ojyjyjot .  If  the  h>ss  of  water  continues, 
the  pultaceous  ma.ss  whicii  is  produced  by  the  disin- 
tÜBf^ration  of  the  lens  fibers  becomes  more  and  more 
inspissated.  It  dries  up  along  wit  h  the  nucleus  of  the 
lens  into  a  flat,  cake-like  mass ;  the  anterior  chamber 
consequently  becomes  deejjer  and  deeper.  This  is 
the  ordinary  form  of  hypermature  senile  cataract. 

If  the  loss  of  water  ceases  after  the  lens  l>ecomes  entirely  opaque, 
the  lenticular  mass  grows  more  fluid  in  proportion  a.s  it  keeps  on  break- 
ing up  into  smaller  and  smaller  parts.  If  this  process  goes  on  in  a 
young  person,  in  whom  there  is  no  hard  nucleus  in  the  lens,  the  latter 
becomes  liquefied  through  and  through,  so  that  the  lens  consists  of  a 
milky  fluid  icata raci a  fl u ida^  h i x e  lactea ) .  If  this  metamorphosis  affects 
an  old  lens,  the  nncieiis,  wlnch  ha^  faiTed  to  l>ecome  ooaoue.  also  escapes 
disintegration,  and  sinks  under  the  form  of  a  heavy  com i>act  nui^sg  to 
the  bottom  of  tti(;>  lioucficd  c;oU(/>--  The  cataract  has  then  a  homoge- 
neous  wTiite  appearance,  corresponding  to  the  milky  cortex,  and  in  its 
lower  portion  presents  a  brownish  shading;  which  is  bounded  al>ovp  l>y 

«semicircular  line,  and  which  represents  the  upper  half  of  the  dark 
cleus.  As  the  latter  alters  its  position  with  the  movements  of  the 
head,  the  brownish  shadow  can  also  be  seen  to  change  its  place.  This 
form  of  cataract  is  known  as  Morgagnian  cataract  (cntaracta  Mortfai/ni; 
Fig.  23S). 

A  liquefied  lens,  however,  does  not  remain  permanently  unaltered, 
but  ia^pissation  of  the  fluid  occurs  later  on  through  the  gradual  los.s  of 
water,  the  disintegrated  lens  masses  Ijeing  at  the  same  time  in  part  re- 
8oH:>ed.  In  this  way  the  lens  constantly  diminishes  in  volume  untiU  in 
cases  in  wliich  no  nucleus  has  been  present,  it  is  transformed  into  a 
thin,  transparent  membrane  (cfikuacta  mewbra nacw) ^  In  children, 
whom  resorptif>n  is  carried  especially  far,  the  opaque  lenticular 
33 
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masses  disappear  altogether  in  places.  The  two  layers  of  the  lens  cap- 
sule, which  hau  remained  transparent,  come  into  apposition,  and  thu3 
there  are  formed  perfectly  transparent  spots  in  the  opaque  lens,  recog- 
nizable by  reflected  light  as  black  gaps  in  the  white  pupil.  The  child 
begins  to  see  again,  a  sort  of  spontaneous  cure  of  the  cataract  having 
occurred. 

When  a  hypermature  cataract  has  lasted  a  long  time,  changes  set 
in  which  lead  to  compncations :    (a)  Cholesterin,  or  lime  salts,  are  de- 
posited in  the  lens  mass.    The  former  is  recognizable  with  the  naked 
eye  under  the  form  of  glistening  points  in  the  opaque  lens.     Calcifica- 
tion of  the  lens  (Cataracta  cakarea  sive  gypsea)  takes  place  chiefly  in 
complicated  cataracts.     It  is  characterized  by  a  peculiar  coloration, 
varying  from  chalk-white  to  yellow.     (6)  The 
anterior  capsule  becomes  thickened  by  prolifera- 
tibn  of  the  capsule  cells,  so  that  out  of  a  simple 
lenticular  cataract  there  is  formed  a  Cataracta 
capstdo-leniicularis.     The  capsular  opacity  pre- 
sents itself  under  the  form  of  a  densely  white, 
irregular  spot  upon  the  gray  or  brownish  surface 
Fio.239.-cIre^CATARACT     of  the  lens,  usually  occupying  the  central  part 
inaCaaeofHypermaturk     of  the  anterior  capsule,  over  an  area  about  cor- 
Cataract.  responding  to  the  pupil  (Fig.  239).    (c)  The  lens 

The   center  of  the   dilated       ,  -  «  rm.        i.    •    i  •  ^  .  ••       V      '  ' 

pupil  is  occupied  by  an  irregu-  becomes  tremuiQUs.     1  he  shnnkmg  of  the  hyper- 

fcckeä'i^u^rwWcrÄ  maTure  cataract  affects  not  only  its  thickness, 

Sru!?Äe'  ^irthTllS;  but  also  its  equatorial  diameter.    In  proportion 

of  the  hu-ge  capsiiiar  opacity  as  the  latter  diminishes  in  size,  the  zonula  of 

are  found   thickenings  of  the       „.         .  '       , 

capsule,  which  have  just  deyei-     Zmn  IS  strctched,  and  thereupon  undenroes  a  cor- 

oped,  and  which  form  white  ,.  ^  ,  i«  ..      oi  r^  .1 

dots  contrasting  stronf^iy  with  responding  atrophy  of  its  fibers.  Consequently, 
radially  Srfate,  opaque  leii?  the  attachment  of  the  Icns  becomes  imperfect, 
so  that  the  lens  shakes  with  the  movements  of 
the  eve  (Cataracta  trejnida).  Spontaneous  luxation  of  the  lena  mav  even 
take  place  through  partial  or  totall-upture  of  the  zo|^ula.  Inconsequence 
of  these  changes  an  operation  for  hypermature  cataracts  is  often  more 
difficult,  and  gives  rather  less  favorable  results  than  the  operation  in 
the  stage  of  matunty. 

As  the  diagnosis  of  the  stage  of  a  cataract  is  what  determines  the 
question  of  the  performance  of  an  operation,  and  hence  is  of  great 
practical  importance,  the  distinguishing  signs  of  the  separate  stages 
will  be  summed  up  in  the  following  words: 

1.  Cataracta  incipiens.  Anterior  chamber  of  normal  depth;  trans- 
parent spots  still  to  be  found  in  the  lens  between  isolated  opacities. 

2.  Cataracta  intumescens.  Anterior  chamber  shallower;  iris  usu- 
ally casting  a  shadow;  lens  bluish- white  and  having  a  silky  luster; 
markings  of  the  stellate  figure  of  the  lens  very  distinct. 

3.  Cataracta  matura.  Chamber  of  normal  depth;  no  shadow  cast 
by  the  iris;  markings  of  the  stellate  figure  of  the  lens  still  recognizable. 
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4.  Cataracta  hypermatura.  Anterior  chamber  of  alinormal  depth; 
"no  shadow  cast  by  the  iris;  surface  of  the  leriy  appearing  quite  homo- 
geüeou;s  (iu  the  case  of  Uquefaeiioii)^  or  ähowiiig  irregular  dots  and 
spoU}  in  place  of  the  radial  markings  of  the  lens-star. 

According  to  their  conscience,  total  cataracts  are  distinguished  into 
hard  and  soft  {Cataracta  dura  et  t  noli  is).  This  has  reference  to  the 
nucleus  of  the  cataract.  By  soft  cataract^  therefore,  we  understand 
one  having  no  distinct  hard  nucleus  (Fig.  176),  while  those  cataracts 
are  known  as  hard  which  inclose  a  hard  nucleus,  although  the  cortex 
is  soft  (Fig,  175),  The  nucleus,  in  fact,  does  not  usually  become  sub- 
ject to  cataractous  changes,  and  tiierefore  retains  its  natural  consist- 
ence. The  iÜsti notion  between  hard  and  soft  cataract  is  made  chiefly 
fnun  a  practical  point  of  view.  For  the  extraction  of  cataract  from 
an  eye  a  section  must  be  made,  the  dimensions  of  which  depend  mainly 
upon  the  size  of  the  nucleus.  Tlic  wound  must  be  hirgc  enough  for 
the  nucleus  to  pass  easily  through  it,  lus  otherwise  the  nucleus  either 
can  not  be  removed  from  the  eye  at  all,  or,  if  it  is  squeezed  forcibly 
through  the  wound,  it  crushes  the  lips  of  the  latter.  The  soft  cortex 
is  »tripped  off  from  the  nucleus,  iis  tlie  latter  passes  through  the  wound, 
and  can  subsequently  be  readily  removed  from  the  eye  by  stroking;  it 
is  unnecessary,  therefore,  to  \my  any  regard  to  it  in  making  the  section. 
Hence,  in  soft  cataract  a  small  %vound  (simple  linear  extraction)  suf- 
fices, while  in  hard  cataracts  the  wound  must  be  the  longer,  the  bigger 
the  nucleus  is. 

»For  these  reasons  it  is  of  importance  before  undertaking  an  opera- 
n  to  diagnosticate  whether  the  cataract  contjyns  a  hard  micleus.and 
if  sOj  atHUiLho^  tar^^e  it  is.  For  this  purpose  we  mui^t  take  into  ac- 
count the  age  of  the  patient  and  the  ap])earance  of  the  t^utaract.  The 
age  is  to  be  consi i I ereti .  i mis muc h  tt^  the  <levelopment  of  the  nucleus  is 
in  direct  proportion  to  it  in  healthy,  and  hence  also  in  cataractous, 
lenses.  Cataracts  of  children  and  young  people  have  no  nucleus;  in 
older  persorLs  the  nucleus  is  in  the  main  the  larger,  the  more  advanced 
the  age  is.  Nevertheless,  it  is  not  to  he  forgotten  that  very  **onsiderüble 
individual  variations  occur  with  regard  to  the  size  t>f  the  nucleus,  A 
careful  inspection  of  the  cataract,  however,  enables  us  to  see  the  nu- 
cleus directly.  It  can  be  recognized  upon  lateral  ilhnnination  as  a 
dark  reflex  emanating  from  the  depths  of  the  lens.  From  this  we  can 
estimate  its  size,  and  from  its  color  c^stimate  its  consistence  also.  The 
darker^reddish  or  brownish — the  nucleus  is,  the  harder  Omd  usually, 
too,  the  larger)  it  is. 

It  may  happen  that  the  sclerosis  of  the  lens  has  advanced  so  far 
that  it  hi^  been  entirely,  or  all  except  a  small  residue,  transfoimed 
into  a  rmcleus.  It  is  then  converted  into  a  hard,  dark-lirowu,  trans- 
parent mass.  The  pupil  looks  black,  and  it  is  only  on  careful  inspec- 
tion^— especially  with  the  aid  of  lateral  iiiumination^that  we  recogni/e 
that  it  is  of  a  peculiar  dark  brown.     This  condition  is  known  under 
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the  name  of  caiaracia  nigra.  Properly  speaking,  it  is  not  a  cataract 
in  the  true  sense  of  the  term,  but  a  far-advanced  senile  alteration  of  the 
lens— a  total  sclerosis  of  it.  Such  lenses  are  always  large  and  hard, 
and  require  a  large  section  for  their  removal. 

One  of  the  precursors  of  cataract  is  the  unequal  refractivHy  that  ophthalmoecopic 
examination  frequently  shows  in  the  separate  portions  of  the  Tens.  In  that  case,  when 
the  pupil  is  illuminated  with  the  ophthalmoscope,  spote  are  seen  here  and  there'which 
first  shine  more  vividly  red  than  the  rest,  then  upon  a  slight  turn  of  the  mirror  appear 
as  dark  shadows  in  the  red  of  the  pupil.  These  are  comparable  to  the  striae  tliat  are 
found  in  defective  glass  [or  in  a  block  of  ice]. 

Often  the  nucleus  of  the  lens  is  distinguished  by  ite  specially  great  reflective  power, 
BO  that,  without  being  really  opaque,  it  becomes  visible  upon  ophthalmoecopic  exam- 
ination as  a  dark-red  globular  body,  in  the  center  of  the  brightly  illuminated  pupil. 
In  conjunction  with  the  marked  difference  in  refractivity  between  the  cortex  and  nu- 
cleus that  exists  in  these  cases,  a  fairly  high  degree  of  shortsightedness  {lenticular  my- 
opia) develops.*    Such  eyes  show  even  to  the  unaided  view  a  specially  strong  senile 


Fio.  240.  Fio.  241. 


Fio.  240. — Incipient  Cataract  under  the  form  of  opaque  H(>ctors.  which  look  black  when  «mo 
by  transmitted  light  with  the  ophthalmoscope. 

Fio.  241. — Incipient  Cataract  under  the  form  of  an  irregular  disk,  which  is  more  markedly 
opaque  at  its  edges,  and  which  is  situated  in  the  posterior  layers  of  the  cortex. 

reflex;  the  pupil  looks  so  gray  that  one  might  think  himself  justified  in  assuming  the 
existence  of  a  commencing  cataract.    The  diagnosis  of  cataract,  however,  should  he 
made  only  when  the  ophthalmoscope  actually  shows  circumscribed  opacities  in  the  lens. 
Such  opacities  appear  most  frequently  under  the  following  forms: 

1.  Opaque  sectors  (radii)  which  look  grayish-white  by  reflected  light,  black  by 
transmitted  light,  and  whose  apices  converge  toward  the  pole  of  the  lens  (Fig.  240). 
They  correspond  to  the  natural  grouping  of  the  lens  fibers  into  sectors.  Sometimes 
they  are  broad  and  triangular,  sometimes  narrow,  and  are  occasionally  represented  by 
nothing  but  slender  radiating  lines.  That  form  of  cataract  in  which  the  lens  is  trav- 
ersed by  numerous,  very  slender  radiating  lines  is  found  chiefly  in  myopic  eyes.  The 
clouding  of  the  sectors  begins  in  their  periphery,  where  they  are  visible  with  the  ophthal- 
moscope long  before  their  apices  project  into  the  region  of  the  pupil  and  impair  vision. 

2.  A  diffuse,  smoke-like  cloudiness  occupies  the  central  portion  of  the  lens.  It  be- 
longs to  those  layers  which  directly  inclose  the  nucleus.  Tnis  sort  of  opacity  disturbs 
the  sight  much  earlier  and  to  a  much  greater  extent  than  do  the  opaque  radii,  because, 
in  the  first  place,  it  is  found  in  the  pupillary  area  from  the  start;  and,  secondly, 
because  it  is  diffuse  and  does  not  leave  any  places  that  are  quite  transparent. 

•  3.  A  disk-sliaped  opacity  which  is  situated  in  the  posterior  layers  of  the  cortex,  but 
which,  in  contradistinction  to  the  typical  posterior  cortical  cataract  (Fig.  233),  pre- 
sentfi  an  irregular  and  ill-defined  contour  and  a  cobweb-like  structure  (Fig.  241).  Thi« 
sort  of  opacity,  too,  causes  from  the  outset  very  great  disturbance  of  the  sight. 

*  (To  the  alteration  in  the  nucleus,  producing  this  increased  refractivity  of  the  lens  ai«  a  x^i^V 
the  name  nuclear  sclerosis  is  applied  hy  some,  although  the  term  properly  denotes  any  progmsnre 
bnrdening  of  the  nucleus.  The  full  amount  of  lenticular  myopia  produced  by  nuclear  aderoMs  (in  thii 
MSkrioted  sense)  amounts  to  some  3  or  4  D. — D.] 
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4  We  find,  as  an  exfrernely  frertTieni  occurrt^orp^  in  the  eves  of  old  peoplp^  a  ring- 
like-  oj>ai-ity  winch  lies  nt^ar  \Uv  etninlor  o\  tt>c  Icils.  and  which,  on  account  ot  its  r^ 
semblance  to  tue  afcuä  s^inlU  ol  the  cornea,  wa«  iiatncHJ  by  Animon  the  arant  ncnilU 
(«ivG  geronltjx^m)  ktitis.  This  opacity  is  comfxxsed  of  two  paralit'l  opaqut*  rings,  one  of 
whjch  lie's  in  front  of  the  tKiufitor  of  the  lens,  the  other  Iwhind  it.  It  doe^  not'  ininair 
V isiuij , H I niiej^t  hcti  wholly  Ix^hind  tlic  irb.and.ntorcover^ii^howtihttle  tctidenc^y  tospffeul. 

Frequenily,  inTonTTnencTng  i^cnile  cataracl,  several  or  even  all  of  the  above-niorF- 
tionod  forrj\*3  of  o|>acity  are  met  with. 

5,  While  ordinarily  the  opacity  of  the  anterior  capsule  is  not  associated  witli  a 
cataract  tintil  the  latter  l>ecornes  li^'permattint?,  it  exceptionally  happens  that  ßiich  an 
opacity  precedes  the  lentiniiar  opacity  proper  and  so  represents  the  bepinnin^  of  the 
senile  catÄract.  A  densely  wl^te  dot  forttiB  in  the  center  of  the  pupil.  This  p;ra<lually 
enlarges  by  outgrowth  taking  place  at  its  etfge.  Theti  the  lens  fibers  directly  adjacent 
ljeco»oe  opaque,  and  finally  the  entirt^  lens  opacifies.  The  whole  prm-ess  nins  an  ex- 
tremely slow  course  and  takes  a  ntmiljer  of  years  before  it  produces  complete  opatüty  of 
tlie  bns. 

6.  In  young  people,  catJiniet  often  Ix^gins  in  the  fomi  of  irregular ^  macidar  or 
clmMl'4ike  opacities. 

Oimeities  of  the  lens,  especially  when  exaniitied  witli  a  magnifying  glas«  antl  focal 
illumination  conjointly,  often  present  qvjite  clearly  the  appearance  of  being  formed  of 
minute  drops.  Sonietitiies  these  are  of  bluish  color  (Cataracta  nerulea).  Such  opaeities 
are  most  frequently  fotiml  in  Cataracta  of  y<ning  pt^rsons  and  in  eotiiplicat^Kl  mtaract«. 

How  long  a  time  does  it  take  for  a  cat-ara<'t  to  beixime  ripe?  The  progress  of  a  cat- 
aract is  aomet lines  rapid,  sometimes  slow,  the  Litter  «specially  in  senile  cataract  which 
not  infrfMjiiently  retnaitw  in  an  alnKwt  unchanged  c^ontlition  for  years.  Hence,  if  we 
find  in  an  ivlderly  ^latient  the  lirst  stages  of  a  cataract  wliich  as  yet  pnxhjce»  no  inter* 
ferenee  with  vision  worth  mentioning^  the  indication  i«,  in  the  interest  of  the  patient,  not 
to  frighten  him  by  oomnumirating  \m  eondif  ion  to  him,  m^  he  fjerhaps  may  enjoy 
«ufficienlly  gtjod  vision  for  -several  years  yet  to  come.  For  our  own  scH'iirity  we  may 
communicate  the  discovery  to  some  ne^r  relative  of  tJie  patient's.  Sometimes,  again, 
the  lenticular  opacity  progreswen  by  fits  and  starts— a  cataract  which  has  remained 
unchanged  for  quite  a  Jong  time  becoming  almost  eon:kpletely  mature  wiliiin  a  few 
month»  or  even  weeks. 

For  all  these  reasons  it  Is  for  the  moßt  part  impossible  to  imswer  with  precision 
tlie  patient's  c^uestion  as  to  when  tlio  cararact  wiU  liceome  rii^e.  The  following  diag- 
no^ic  fx>inis  may  serve  ff»r  an  approximate  determination:  Tlie  lenticular  o|>acity 
developH  the  mortt  rapitily  the  younger  the  person  is.  Ligi it -colored  catamcts  become 
matuf^  more  rapidly  tiian  dark  ones;  atid  tlame  witli  broad  radii  more  rapidly  than 
those  with  slemler  radii,  A  catanw^ta  nigni  can  never  become  matured  in  the  ordinary 
aense  of  the  word,  aince  it  is  not  a  cataract  proper  but  a  sclercwis  of  the  enlir<^  lens 
w^hich  may  be  said  to  have  been  con  vert  inl  in  toto  into  a  nneleus,  and  hence  always 
prewr\^es  a  certain  degroo  of  transparency.  For  the  laity  a  criterion  of  the  ripeness  of 
a  cataract— i,  e.,  of  its  readiness  for  ojxiration — is  the  fact  that  the  eye  is  no  longer  in 
a  condition  to  count  fingers.  This  does  not  hold  gmxl  for  dark  cataracts,  which  gener- 
ally do  not  become  so  of^ique  tliat  the  patient«  (an  not  perceive  the  larger^ized  ob- 
jeelÄ.  Nev(*rtheless,  these  can  be  operate*!  tip*>n  with  gtMid  resnltji,  since  the  len«  ha« 
beej)  transformed  into  a  hard,  homy,  tranalneent  mass  which  can  readily  bo  shelled 
out  cleanly  from  its  capsule. 

The  rapidity  of  ripening  is  also  influenced  by  the  etiology  of  the  rataraci.  Cer- 
tain cataracts,  such  as  dial^M^tir^  tnLiini.|jir  and  glaucomatoiLs  cajjtracts,  ftirtliernjgre 
fTtrnpllf^fiid  ptjartifis!  Tiart jcuhxrK'  (lio.^^  n'?^ulTirTg  imm  cfetj^clirncnfT  nf  the  retina, 
are  dL^ijngui^he<i  by  their  rar>id  rate  of  orogrewK.  The  time  re<|uired  for  ripening  can 
be  most  readily  determint«!,  at  least  in  the  ease  of  .senile  catjiracts,  when  the  other  eye 
afat^ady  contains  a  ripe  cataract  and  the  time  that  this  lias  taken  to  develop  is  known, 
since  ppesumably  (he  rate  of  advance  of  the  cutnract  is  the  same  in  br^th  eyes. 

The  inttmiescence  of  the  maturing  cataract  is  caitöml  by  the  swelling  of  the  cor-» 
tex.    It  is,  therefore,  mot^e  distinctly  pronounced  the  softer  the  cataract  is,  since  then 
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there  is  much  cortex;  on  the  other  hand,  it  is  altogether  wanting  in  the  dark,  hard 
cataracts  which  consist  of  scarcely  anything  but  nucleus.  For  the  same  reason,  too, 
the  ordinary  phenomena  of  hypermaturity  do  not  occur  in  the  latter;  instead  of  under- 
going further  disintegration,  the  homy  lens  remains  unchanged,  or,  at  most,  thicken- 
ing of  the  capsule  is  added. 

By  a  combination  of  thickenii^  of  the  capsule  with  various  degrees  of  consistence 
of  the  lens,  special  varieties  of  cataract  are  produced.  A  liquefied  lens  in  a  thickened 
sac-like  capsule  is  called  cystic  cataract  (Cataracta  custtcciS.  By  the  term  cataradta  aHda 
atftwSjpsTJnffiHWSfntsTinveiecl  cataract  within  n  fhinlfftn«H  q^|3|g)'l<^'  deriving  lU 
ame(diy,s" 


name  (diy,  silique-shaped  or  pod-iike  cataract)  from  its  similarity  to  a  dried  pod  (silique). 

By  the  shriveling  of  the  cataract  in  the  stage  of  hypermaturity  the  anterior  ebam- 
ber  becomes  deep3r,  until  finally  the  iris,  instead  of  projecting  forward  in  the  shape 
of  a  cone,  lies  in  a  plane.  If  the  diminution  in  the  size  of  the  cataract  keeps  on,  the 
iris  is  not  drawn  backward  so  as  to  form  a  tunnel,  excepi  wnen  ii  is  jomed  to  ihe  lem 
capsule  by  posterior  synechisB.  Otherwise  the  iris  remains  stretched  in  a  plane,  and 
the  shriveling  lens  becomes  farther  and  farther  removed  from  itie  ins  so  that  tfie  latter, 
deprived  of  its  support,  becomes  tremulous.  A  dark  interspace  is  then  seen  between 
the  iris  and  t^e  lens,  and  the  iris  again  throws  a  shaaow  udojti  theTanerT^i^his  snadow 
must  riot,  ot  course  be  confounded  with  that  which  is  foun^  in  immature  cataract. 
Nor  should  the  black  rim  of  pigment  on  the  margin  of  the  pupil,  seen  in  every  case  of 
cataract,  be  regarded  as  the  shadow  cast  upon  the  iris.  It  is  easily  distinguished  from 
a  shadow  by  its  appearance,  and  also  by  the  fact  that  it  is  visible  not  only  at  the  side 
toward  the  light,  but  all  round  the  iris. 

In  the  stage  of  hypermaturity  in  which  the  opaque  layers  become  thinner  through 
resorption,  the  sight  often  increases  a  little,  so  that,  for  example,  the  fingers  can  be 
again  distinguished.  Really  serviceable  vision  sometimes  comes  on  in  young  people, 
when  the  resorption  goes  on  so  far  that  spots  are  formed  which  are  perfectly  trans- 
parent. In  senile  cataract,  in  wliich  a  hard  nucleus  is  present,  it  is  extremely  rare  for 
a  spontaneous  restoration  of  sight  to  occur,  although  it  may  take  place  in  the  follow- 
ing ways:  (a)  By  the  resorption,  in  exceptional  cases,  not  only  of  the  cortex  but  also 
of  the  nucleus  to  such  an  extent  that  nothing  but  slight  opacities  remain.  (6)  By  the 
formation  of  a  Morgagnian  cataract,  and  the  subsequent  transformation  of  the  fluid 
portion  of  the  cataract  into  a  clear,  transparent  liquid.  Then  the  upper  part  of  the 
pupil  is  transparent  and  black,  while  the  brown  nucleus  is  seen  lying  in  its  lower  part. 
These  cases  are  not  so  very  rare,  only  they  were  not  formerly  correctly  diagnosticated. 
Afterward  the  transparent  liquid,  and  even  the  nucleus  itself,  may  be  resorbed,  so  that 
only  a  thin  membrane  is  bft.  (r)  By  spontaneous  dislocation  of  the  lens,  so  that  the 
pupil  again  becomes  partly  or  entirely  black. 

[The  striae  and  other  opacities  of  an  incipient  cataract  sometimes,  though  rarely, 
undergo  spontaneous  absorption. — D.] 

Operations  upon  hypermature  cataracts  give  rather  less  favorable  results  than 
tiiose  performed  at  the  time  of  maturity.  The  chief  danger  attending  operation  in  the 
stage  of  hypermaturity  is  prolapse  of  the  vitreoiM  aurlPJg  the  operation  oi^  acoount  of 
the  detective  condition  of  the  zonula.  Moreover,  tTie  thickened  and  opaque  anterior  cap- 
sule  requires  special  management.  We  must  try  to  remove  it  with  the  capsule  forceps 
before  delivering  the  lens.  If  the  capsule  does  not  tear  when  we  grasp  it  with  the 
forceps,  it  is  generally  possible  to  extract  the  lens  in  the  unopened  capsule,  and  we 
then  get  a  particularly  clear  pupil.  But  if  we  have  not  been  able  to  remove  the  opaque 
capsule  altogether,  an  after-cataract  forms,  which  does  not  disappear  by  sube^uent 
resorption  as  cloudy  lens  masses  do;  and  in  this  case  a  secondary  operation  (discis- 
sion) is  required. 

To  what  has  been  said  in  regard  to  the  nucleus  of  the  lens  and  its  behavior  in 
cases  of  cataract,  exceptions  occur.  There  are  cases  of  cataract  in  children,  in  which 
the  lens,  instead  of  being  soft,  has  quite  a  hard  nucleus  or  even  has  a  wax-like  consist- 
ence throughout.  On  the  other  hand,  cases  of  senile  cataract  have  been  observed 
without  nucleus.  In  exceptional  cases,  the  nucleus  And  no^  the  cortex  may  be  the 
first  part  ty  become  opaque  m  the  lenses  of  adults  (Cataracta  nucUarxs^  *" 
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C.  Etiohgif  of  C  alar  ad. 

91.  L  Cataracta  Congeniia. — The  cause  of  this  is  either  a  disturb' 

ance  of  development  or  an  intra- uterine  inflammation  of  the  eye.    Both 

the  stationary    partial   cataracts    (particuhirly    anterior  and   posterior 

polar  cataract)  and  the  progressive  formjä  of  cataract  may  be  congenital. 

ngenital  cataracts  are  usually  bilateral  and  often  inherited.     Hered- 

however,  makes  its  influence  felt  in  non-congenita!  cataracts  also, 

d,  in  fact,  even  in  senile  cataract;    there  a^e  families  many  of  whose 

embers  Jjecome  l?Ii nd  frmn  semle  cataract,  and  that,  too,  ior  the  most 

at  an  uncomnumly  early  a^, 

2.  Cafaracia  senilis  is  ]:>y  far  the  most  frequent  form  of  cataract. 
ideed,  it  occurs  very  frequently  in  old  people,  but  not  so  regularly  as 

to  be  regarded  as  a  physiological  attribute  of  age — as  the  turning  gray 

^f  the  hair  is,  for  example— but  rather  tus  a  pathological  process.    Jt 

kually  does  not  make  its  appearance  until  after  the  fiftieth  ye^ir  of 

life,  but  is  exceptionally  observed  m  the  years  between  fc^rty  and  fifty. 

The  fact  of  a  cataract  occurring  in  an  elderly  person  does  not  of  itself 

justify  the  diagnosis  of  senile  cataract.    An  old  man  may  get  a  cataract 

in  consequence  of  traumatism,  etc.     Hence,  to  establish  this  diagnosis, 

it  must  be  demonstrated  that  neither  in  the  eye  nor  in  the  body  in 

^■keneral  are  there  diseases  which  might  account  for  the  development  of 

^Kie  cataract,  so  that  the  latter  can  be  attril>uted  oidy  to  the  effect  of 

^Hge.     Senile  cataract  always  afTecis  bcith  eyes,  but  mr^lv  at  thp  s/^pA 

^^me.  so  that  generally  one  eye  Is  in  act  van  ce  of  the  other  in  respect  to 

the  development  of  its  cataract. 

3.  Ctdaract  due  to  General  Diseases. — The  most  frequent  of  these 
1^^  diabetic  cataract.  This  mainly  develops  when  the  amount  of  sugar 
^■DntaJned  in  the  urine  is  high,  and  rnually  matures  rapidlv.  It  is 
^^Iwavs  bilat^i-aL 

(Cataract  also  oecurs  in  cholera  (page  522),  in  tetany  (pages  507, 
523),  and  in  certain  toxic  states  (nai>hthalin  poisoning,  ergotism,  pellagra, 
rhaphania),  being  then  due  either  to  the  flircct  action  of  the  poison  or  to 
the  convulsions  that  are  simultaneously  present  (see  page  523).— D.) 
^K  4.  Caiaracia  Traumatku.—AW  itijuries  which  make  an  opening  in 
^B^^  Ic'ns  capsule  result  in  opacity  of  the  lens.  When  the  Ions  fibers  come 
into  contact  vnth  the  aquei>iis,  they  become  permeated  by  the  latter,  swell 

Kip,  and  break  up  into  layers  through  a  process  of  cleavage  (page  11). 
IP^hen  the  traumatism  affects  the  posterior  capsule,  the  vitreous  acts  in 
ihe  same  way  as  floes  the  aqueous. 

The  opening  of  tlie  capsule  usually  occurs  through   direct   injury 

inflicted  by  Dieans  of  a  punctured  or  incised  wound,  through  the  pene- 

^^tration  of  a  foreign    body,    and    also    designedly  through  an  operation 

BB^discission) .    Contiisions  of    the    eyeball   also,    whicli   do   not    perforate 

'      it.s  tunics,  may  ^|njso  np/^iclty  of  the  h^ns.     In  many  of  these  cases  it  "is 

Likely  that  rupture  of  the  capsule,  protmbly  in  the  region  of  the  efjua- 
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tor  of  the  lens,  is  caused  by  the  contusion.  But  it  is  also  a  fact  that 
Ipn^iViilRr  np|injtv  isi  caused  by  simple  concussioo^ithout  opening  of 
the  capsule.  — " 

The  development  of  cataract  after  injury  of  the  capsule  proceeds  in 
the  following  way:  As  early  as  a  few  hours  after  the  injury  the  lens  is 
found  to  be  clouded  in  the  vicinity  of  the  capsular  wound.  Soon  swol- 
len lens  fibers  protrude  through  the  capsular  wound,  so  as  to  project 
under  the  form  of  gray  flocculi  into  the  anterior  chamber.  Later  on 
these  break  off  and  fall  to  the  bottom  of  the  chamber.  Sometimes 
the  entire  chamber  is  found  to  be  filled  with  the  swelUng  and  disin- 
tegrating fragments  of  the  lens.  While  these  prolapsed  masses  of  lens 
substance  are  becoming  gradually  smaller  through  resorption  and 
finally  disappear,  new  flocculi  keep  protruding  through  the  capsular 
wound.  At  the  same  time  the  opacity  spreads  farther  and  farther  in 
the  lens  itself,  so  that  usually  within  a  few  days  the  lens  is  opaque 
throughout.  In  favorable  cases  the  lens  may  disappear  completely  by 
gradual  absorption,  so  that  the  pupil  becomes  clear  and  black,  and  thus 
a  spontaneous  cure  of  the  cataract  takes  place.  In  most  cases,  how- 
ever, resorption  comes  to  a  stop  eariier  from  reclosure  of  the  capsular 
wound.  Then  opaque  portions  of  the  lens  still  remain  in  the  shrunken 
capsular  sac  and  form  a  shriveled  cataract,  which  requires  an  opera- 
tion for  the  restoration  of  sight. 

The  course  of  traumatic  cataract  is  unfavorable  when  either  inflam- 
mation or  increase  of  tension  is  associated  with  the  process.  Inflam" 
motion  is,  for  the  most  part,  like  the  cataract  itself,  to  be  regarded  as 
the  direct  consequence  of  the  traumatism,-  by  which  the  membranes  of 
the  eye  (particularly  the  uvea)  either  suffer  a  severe  mechanical  injury 
or  undergo  infection.  Then  the  clouding  of  the  lens  and  the  inflam- 
mation (irido-cycUtis)  go  on  at  the  same  time.  The  inflammation 
leads  to  the  adhesion  of  the  opaque  lens  to  the  neighboring  parts, 
especially  the  iris  and  ciliary  body  (Cataracta  accreta),  and  by  this  ad- 
hesion the  operation  for  the  cataract  is  rendered  difficult.  In  the 
severest  cases  the  inflammation  is  so  violent  that  alone  it  is  suffi- 
cient to  cause  destruction  of  the  eye,  either  as  a  result  of  panophthal- 
mitis or  through  plastic  irido-cyclitis  terminating  in  atrophy  of  the 
eyeball. 

Slight  inflammations  of  the  iris  may  also,  it  is  likely,  occur  second- 
arily as  a  result  of  the  swelling  of  the  traumatic  cataract,  owing  to 
which  the  iris  is  subjected  to  pressure  or  to  traction. 

Increase  of  tension  may  also  be  caused  by  a  swelling  traumatic  cata- 
ract. These  cases  are  not  very  dangerous  if  they  come  under  the  obser- 
vation of  a  physician,  since  the  increase  of  tension  can  be  done  away 
with  by  timely  interference  (by  paracentesis  of  the  cornea,  by  removal 
of  the  lens,  or  by  iridectomy).  But  if  such  a  case  is  not  given  the  proper 
treatment,  the  sight  is  usually  destroyed  through  excavation  of  the 
optic  nerve. 
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often  (lemonstrate  th<?  pcrreiition  of  ükM 
cientor  altogether  wanlrng  u\  i^nrnplmiied  catunivi. 


rt  is7)f  pcLctifal  im|>cjrtanfe  to  recogiiizf  the  invi  tluit  a  eataraet  in 
coin  plicated,  liecau.se  by  this  fae*t  the  prop;mj,si«  and  treat  nie  nt  are  infln- 
iced*    The  pro^nosi.s  is  less  favoral>le  than  in  uncomplicated  catarai-tö, 
>th  because  the  operation  is  more  difficult   to  perform,  and  because 
result,  as  far  as  sif^ht  is  concerned,  is  less  successful.     Moreover. 
äplicated  cataracts  frequently  re(|uire  that  special  methods  of  opera- 
Son  be  used.     In  fact,  many  complicated  cataracts  can  not  be  operated 
5on  at  all. 

It  ifl  only  in  exceptional  cases  that  mnfffnikil  aitamrts  are  tliscMivered  immediately 
after  birth,  the  rule  luring  that  (hey  are  not  made  out  until  ilie  eliild  Is  some  weeks  or 
months  old;  for  newborn  thildrt^n  have  vary  narrow  pupils, and  moreover,  beeauae  they 
Bleep  so  much,  keep  their  eyes  shut  most  of  the  time,  so  that  no  notice  is  taken  of  tlie 
et  that  their  pupils  are  not  black.  Tlien»  ttKi,  as  audi  young  children  do  not  fix 
*ir  eyes  aiemllly  upon  objects,  the  fart  tliat  tlu*y  do  not  mie  w  not  obvious.  IVrtJal 
Congenita]  cataraHs.  if  Ümy  do  ni>t  cüusp  any  notable  impairment  of  sight,  are  often 


5-  Cataracta  Complimta. — By  this  term  we  n^ean  cataracts  occur* 
ing  as  the  result  of  other  diseases  of  the  eyeimlL     What  occurs  in  thi8 
\^e  is  either  an  alteration  in  the  character  of  the  imtritive  malerial 
^hich  the  lens  receives  from  the  ti.ssues  surrounding  it,  or  a  diffusion 
through  the  lens  capsitle  of  deleterious  substances  produced  by  iitflam- 
^■piation — the    main    result    of   such   diffusion   bein^    that    the   capsular 
^Bipithelium  is  injured.     The  affections  of  the  eyeball    most    frequent lyil 
leading  to  the  formation  of  cataract  are:  (a)  violent  inflammations  in  tliell 
iterior  sections  of  the  eye.  such  as  extensive  suppyration  of  the  cornea 
[»articularly   that    finKluced   by   ulcus  serpens)   and   irido-cyclitis;     (/>) 
luggish  inflammations  in  the  posteiior  sections  of  the  eye^  such  as  t-ho- 
loiditis   (particuhirly   indo-churioiditis   chronica),   myopia  of   higli   de- 
retinitis  pigmentosa,  detachment  of  the  retina;    (c)  glaucoma  in 
ae  stage  of  glaucoma  absolutum  (eaiaracta  glnucofnaiom). 

The  diagnfisis  tiiat  a  cataract  is  complicated  may  Ik*  ma<le  in  those 
ses  where  there  is  a  disease  of  the  anterior  section  of  the  eye.  simply 
^y  the  external  examinatiou  of  the  eye.  Mt^rbid  changes  can  he  made 
out  in  the  cornea  or  iris,  antl  aiso  adhesions  betwei»n  these  organs  and 
the  cataract.  Hut  if  the  pathologifal  changes  which  have  led  to  the 
production  of  (opacity  in  the  lens  appertain  to  the  deeiter  portions  of 
the  eye,  they  may  not  be  visible  from  the  outside.     Even  in  such  cases, 

Iiowever,  the  cataract  often,  by  its  peculiar  af)|>earance^  shows  that  it 
p  romphcated.     Thus  in  chorioiditis  and  retinitis  pignienf osa.  stellate 
interior  and  posterior  cortical  catanK-tj^arc  Jouiid  (see  page  508}:^nd 
f  the  cataract  is  total,  iTis  often  distirii^uisliedn>v  l>eing  liquehed  t»r  cal- 
cified, by  the  thickening  of  the  capsule,  by  the  presence  of  a  yellow  or 
^^preen  discoloration,  by  tremulousness  of  the  lens,  etc.     If  the  cataract 
^^resents  nothing  exteriorly  that   points  to  its  being  complicated,  the 
"      only  way  in  which  the  diagnosis  can  l>e  made  is  by  examining  the  i>er- 

i ception  of  lig:ht,  a  thing  which  should  be  done  in  every  case.     Such 

^Äxammation  will  often  demonstrate  the  percei>tion  of  light  to  be  tiefi- 

^Cl€ 
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not  iiotifotl  yntil  the  patient  is  of  quite  a  mature  age,  or  perliaps  are  never  discov^reilj 
at  tilL     Many  fong^iiiital  raluracts  attj  conipliratcd,  as  can  Ih^  soen  from  the  ch 
f c  1 1  ui<!  aj  the  saiue  Urrie^rti  tin?  ItIs.  vH^Ktemlly  misXerioT  avuerhiiy*.      I  l\ov  an*  hp  ur^l 
i  tVUil  intbininaii  


_  e  H  {xtc  I  a  Ü  V  ^xag  t4^r  i  ^r  a  vuer  tiiä^  

r^Hi  i\  y  t  >f  a  t'l '  i.u  I  in  t  b  t  n  i  m  a  u  nn  j  of  i:  1 1  o  i.i  vp;  i ,    T I  ut  U^  r  ma  t  i  on  o  f  1 1  le  eii  t  a  rar-  r  must 


i:tv<.'  ah"r:ti  iy  t  who  me 


sTirtveTe^F 


Tn  ulero. 


int^  thc^  world  with  r-aUimfrU  rlirif         ^ 

the  c ijt ITP,  prt MM>8H  o f _ri jx- ni ijg  tt nd  j > f  s h r i vel \ ng 

(^nrleiivors  tiavo  ix-en  uiudf*,  Iniliertr*  in  vam,  to  disoover  some  general  dkturbAl 
dnix*  of  nutrition  as  ttie  cause  of  senile  (Yiiaract.    Sonie  ascnbe  it  to  purely  local  cäu 
In  the  proeeäs  of  transformation  of  the  inner  layers  of  the  lens  into  nudeus  (s<:leraaia]G 
these  ia^^ers  diminish  winiewhat  in  voUmio.     Under  normal  conditions  this  proeosfl 
of  shrinking  m  cn>ndueted  .ho  slowly  and  in'acl'ia.lly  that  the  cortical  layers  are  ablii 
to  adapt  theniselvcs  to  the  diininisbed  volume  of  the  nucleuä.     But,  if  the  »lirinking  ' 
got'^  on  with  exceptional  spee<J  or  irregularity,  there  may  be  produced  undue  tmcttoa 
and  subsequent  separation  of  ttioäe  layers  of  the  lens  which  lie  between  nucleu»  an4^ 
caor1«x.     In  thi«  situation  tine  fii^ureB  are  formed  in  which  fluid  accumulatea;   after 
ward  the  atljacent  Unis  fillers  tlienLsetves  l^ecome  opaijue,  and  thus  afford  the  iniikll 
impnLsti  wliirh  ieads  to  the  opacity  of  the  entire  lens  (Becker). 

Others  stippoiae  that  senile  cataract   develops   from  altered  compoeition  of  the  ' 
aqueou»,  aa  a  reeult  of  which  the  opitheliimi  of  the  anterior  cajisule  is  injured.    The 
»Iteration  of  tlie  a  lueous  might  be  the  result,  of  local  (senile)  cliange**  in  the  ciliary 
pcocesses  which  secrete  the  aqueous  (Peters)  or  the  result  of  distiu-banoes  of  the  gen* 
eral  rtietabolism,  e.  g.,  sucti  as  occur  in  chronic  nejihritis  (Michel)  or  from  accumulatjoti  i 
of  toxic  deci>iiipoHition-productä  (cj^otoxins)  in  the  luMdy  (Rtimer).    Since  senile  cata«| 
ract  ha*  such  a  different  aspect  in  different  cases ^  both  at  its  outset  and  alac  wheal 
the  opjicity  of  the  lens  is  complete,  it  is  prol>able  tlmt  the  conditions  wluch  at  preaontj 
we  call  senile  cataract  aix^  not  all  due  to  the  same  cause. 

It  was  forttierly  I  relieved  that  the  cause  of  duttt^iic  cataract  waa  to  be  looked  f« 
in  the  at>at  ract  ion  of  wat«r;    for  if  a  fresh,  transparent  lens  with  umnjured  capsule  is 
laid  in  a  solution  nf  sugar  (or  oven  a  solution  of  salt),  the  lens  becomes  clouded,  ow- 
ing to  ttie  fact,  that  the  solution  atjsorljs  water  frotn  the  lens  with  avidity.     If  tJie 
opaqtie  lens  is  t.lien  put  back  in  plain  water  again,  it  again  Ijccomes  clear.    The  same 
expc^rimettt  can  also  Iks  |)erfonne<l  upon  living  animals.     The  bliKxl  in  the  vesseU  of  i 
a  frog  id  replaced  by  a  solution  of  sugar  or  salt,  whereupon  the  lenses  become  oftaqueul 
Then,  if  the  frog  is  put  back  again  into  the  water,  the  lenses  clear  up  once  rnore,    Upoiil 
the  basis  of  these  exf:periments  it  was  assuttied  tliat  in  diabetes  the  fluids  of  the  eye,, 
and  particidarly  the  ar^iteons^  on  account  of  the  amoiuit  of  sugar  they  contain,  act  b/l 
withdrawing  water  frottt  the  lens,  so  tlmt  the  btter  becomes  opaque.     This  view  ap-J 
peared  to  Imj  confirmtHJ  l:>y  the  fact  that  dialH>tic  cataract  occurs  only  when  the  amouni 
of  sugar  in  the  urine  is  great.    More  recent  analyses  of  the  aqueous  in  diatjotics  liavej 
however,  shown  that  the  amount  of  sugar  contained  in  it  is  very  small^  much  smalJeri 
than  the  amt)Unt  rcxpiired  to  produce  Df>acity  of  the  lens  in  the  experiments  cited^l 
Hence,  although  it  is  not  to  be  denied  that  the  altered  composition  of  the  fluids  of  tba] 
eye  is  accountable  for  dialKjtic  cataract,  nevertheless,  the  action  of  this  factor  IB  not  to  be  I 
conceived  of  simply  as  tin  abstraction  of  water,  but  as  being  due  to  more  complicated 
disturbances  in  the  nutrition  of  the  lens,  the  nature  of  which  is  not  yet  exactly  known. 

The  rf^tin:il  pi^POi^lI^   **f  tlu*  iris  In  dinlxM  'ws  is  nft^n   found  to  present  a  marked 

^    ^  "■  ' ■  -  -7»       IT"       '    I    .  ■  I 


degree  of^^'  IrTrn 

fonts  of  mtLuiHrirition  tKamocki) 
in  duib<  h/~ 


Lug.  rv<M'i  Avljrii  tin' 


dnri 


[j/e  did 


hi  Tint 


Since  U\[b 


tin 


]^rn~nL^rvt>^r7tnlyj 
cxplainiil^lc  ;i.s  dii 


it  Tiutst  l>e  attributed  to  this  disease^  and  is  irtIih  

to  the  ftcTion  of  the  aitcred  äf[uc(m.s  upon  tJie  retinal  pigrnoiit  of  the  ms.  It  is  prob- 
ably iii~a"Hm7ii!ir  way  titnt  ilio  Ti It (»rcrt  nutrient  tluHts  wliick  enter  the  lens  lead  to  its 
opacification. 

A  form  of  cataract  which  really  depends  upon  the  abstraction  of  water  its  prob- 
ably that  which  Kotnctimcs  makes  its  apf>earaiice  in  the  last  stage  of  cholera. 

The  nrogtioisia  of  dSHbeiic  cataract,  as  far  as  the  operation  Ufjon  it  i»  coiu^emed,  i 
\vtsH  favorable  timn  vn  .senile  cataracts,  horrtiisi-  in  <li'J^fi^c^'j  >YyV"lli?  f^."^^  ^^"^  rx>si.^ 
to  infection,  and,  moreover.  {JiabctcM  pn'<ii>it^i7st's  lf,>  ,irit^^.     Hence,  it  we  have  to  opcr*J 
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.J  upon  a  diabctif'  rataraf^t,  wo  wait  iinti)  bv  fluitnhlf^  treatment  the  amount  or  ffygar 

1  the  iirint^  haji  hrrn  reduccHJ  to  the  lowesf  poH^^ibJ(>  ihjitjI.     It  jb  said  that  ifi  diaiiT' t  ir 

ataracts  wbirh  have  not  ad  van  red  tm»  far  a  fmrtial  cfisappparancc  of  the  opacities  ha» 

metimefl  been  obgier\'ed  after  a  s^in^ecssfuJ  treatinrnl  of  the  diabf»tei3  (by  the  Carlnhad 

ter  cure).    Such  eataraet^,  therefore,  would  be  the  only  ones — and  they  only  in  ex- 

liional  cades — that  can  be  iaiprovtnl  by  aie<iicinal  trratment.     (See,  however,  page 

t^  note.] 

Not  every  cataract  tJiat  is  speii  in  a  diabetic  patient  is  a  diabetic  cataract.  Diä- 
tes being  of  common  ocpurrenee  in  advancer!  life,  it  often  happens  thai  opariliea 
the  lens  are  found  in  jiatimitH  affected  witli  it.  Such  oiiarities  must  be  regairled 
«enile  catanict,  if  they  exhibit  the  ordinary''  appearance  of  the  latter  and  the  slow 
velopment  characteristic  of  it. 

An  interesting  example  of  opacity  of  the  !enB,  due  to  an  altered  composition  of 

te  nutrieat  fluid**,  is  n a i$Hh nlin  ir  aUari^t .     This  ia  prn<]ueed  when  naphthalin  is  ad- 

iniaterefl  to  rjibbit«.    Rrtmitj»  develops  lirst  with  opacities  of  the  vitreous,  and  9ub- 

«equentJy  a  cataract  forms  (liouchartl).     So  also  ii]  mnn  ro||pi^,is  and  cmtaract  liavc 

j)een  seen  to  occur  after  the  application  of  naphthoi  ointmonts  jwlien  use<\  j^ij^gj^in 

pisea-Ho;.  ~  inner  lonna  ot  cai [tract  toIlo^^ng  ihc  Initt^tion  of  priisons  are  thoae  thai 

tppffir  in  vrrjotmn,  rha^htiniu,  itiid  fnHagra.     la  thci^e  diseases  C(m\'^l?ion«  are  pro- 

lti?ed  by  the  action  of  the  poisnn.    TTiesjune  is  true  of  tetany,  which  most  observen» 

inr-lintnl  to  attribute  to  atilo-intoxication,  and  in  which,  too,  cataract  may  dcn'ctop. 

i"^  in  ^iiults  takes  the  form  of  a  soft^  total  cataract,  in  children  perhaps  that  of  a  lainel- 

^r  cataract  (sec  page  507).    The  formation  of  cataract  also  occur«  sometimes  in  tM>n- 

ction  with  epileptic,  eclamptic  and  perhaps  even  hysterical  convuLsiona. 

For  iilasa-tdoimrs*  cataract  and  cataract  caused  hy  lightning^  see  pages  22  and  25. 
Ill  frnurna^ic  calarnct  it  in  the  rule  that  f  he  opacity  of  the  lens  becomes  total,  Hpread- 
ig  rapidly  fn>m  the  site  of  the  wound  in  the  capsule  to  the  rest  of  the  lens.  Exception- 
ly,  however,  cases  are  ob.serv^ed  in  whi<'h  the  opacity  of  the  lene?  remains  partiiü  or 
deed  actually  disappears  again.  For  this  to  occur,  rhc  cafisule  wound  must  be  very 
small,  so  that  it  clrxs*^  C|uickly  and  the  aqueous  no  longer  has  access  to  the  lens  fiberB. 
Most  favorably  situated  in  Üutj  regard  are  those  cajisuhir  wounds  that  lie  beliind  the 
irii?,  by  the  adheaioo  of  which  to  the  wound  the  latter  i.s  very  soon  close«!  up.  In  such 
cases  it  may  happen  thai  a  eircuioscribetl  opacity  reiaiiins  confinetl  to  the  site  of  injury, 
or,  if  a  foreign  body  has  penetrate  tht?  lens,  is  fotuul  only  along  the  track  of  the  wound. 
By  resorption  of  the  opaque  portions  the  opacity  itself  nniy  even  in  pait  clear  up  ?*gain. 
Sometimes,  too,  as  a  consequence  of  injury,  stellate  anterior  or  posterior  cortical  eata- 
ts  develop  which  may  likewise  remMin  stationary  or  may  even  retrogress  (see  page  5U). 
bsnius  has  described  another  kind  of  transient  traumatic  {ijiacity  of  the  lens.  It  oc^ 
rs  after  contusion  of  the  eye  and  consists  of  a  faint  gray  ring  directly  beneath  the 
anterior  capsule  of  the  lens^  which  in  respect  to  i>osition  and  size  eorresponds  to  the 
border  of  the  pupü.  The  opacity  passes  off  after  one  or  more  weeks.  The  way  in  which 
it  is  probably  producer!  is  that  the  aqueous  as  it  rebounds  presses  the  border  of  the 
pupil  against  the  capsule  of  the  lens. 

If  rhi'  two  eves  are  of  vt  different  cokjr  (e»  g,,  one  has  a  brown >  t|je  ^^^hfy  f^  hhn^ 
ißp  {/^drrog^mwj^/^j^^i)  it  may  happen  that  a  cataract  develops  in  one  of  them  and 
hat  case  it  id  ways  develor»s  in  the  lighter  em  of  the  two.     In  t 


the  absence  of  other 


eaUBCiS^  this  must  be  regardeti  as  something  connect«!  vvlth  the  lack  of  pigmentation 
in  the  lighter  eye;  it  being  assumed  that  a  disturbimcc  of  nutrition  is  at  the  bottom 
cf  both  morbid  conditions.  It  is  true  that  nothing  more»  definite  than  this  is  known 
regarding  such  a  disturbance  of  nutrition;  but  that  it  is  ]>re-äent  is  clear  from  the  fact 
that  in  the  lighter-cgtorefi  eves  w^e  lnearlv|  always  find  the  evidence  of  a  chronic 
cycLltis  In  the  form  of  very  minufejJeposits,  [See  T>age  Jih^A  Accordingly.  Mw  cataract 
in  tbese  eyes  is  to  ti^putunder  the  cat  ego  r>'  of  complicated  cataracts.  [The  difference 
in  color  in  these  cases  may  be  very  slight,  one  iris  being  simply  a  somewhat  lighter 
blue  or  gray  than  the  other,  and  yet  the  lighter  eye  showing  pronounc*«!  degencrati%** 
changes  while  the  other  remains  normal. — DJ  ^^^  Jm^^ 

4^  X     -i^**^ 
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D.    Treatment  of  Cataract, 

92.  No  kind  of  medicinal  treatment  is  effectual  against  cataract.^ 
An  improvement  of  the  sight  may  be  obtained  by  means  of  atropine  in 
those  cases  in  which  the  opacity  occupies  principally  the  pupillary  area 
of  the  lens.  In  that  case,  after  dilatation  of  the  pupil,  the  peripheral 
transparent  portion  of  the  lens  can  be  employed  for  vision. 

The  popular  remedies  and  quack  remedies  which  are  alleged  to 
have  been  of  assistance  in  cataracts  are  mostly  such  as  contain  bella- 
donna, and  act  favorably  upon  the  sight  in  the  way  just  mentioned. 
The  improvement  thus  obtained,  however,  is  transient,  disappearing  as 
soon  as  the  peripheral  layers  are  implicated  in  the  opacity  by  the 
progress  of  the  cataract.  A  cure  of  cataract  can  be  secured  only  by 
operative  means.  The  indispensable  prerequisite  for  this  is  that  the 
light-perceiving  parts  (retina  and  optic  nerves)  should  be  healthy,  a 
matter  which  is  determined  by  careful  testing  of  the  Hght  perception 
(see  §  156). 

The  methods  of  operation  at  our  command  are  mainly  discission 
and  extraction.  Discission  is  chiefly  adapted  for  the  cataracts  of  young 
people  which  do  not  yet  contain  a  solid  nucleus.  It  can  be  performed  in 
every  stage  of  the  growth  of  the  cataract,  and  hence,  too,  in  partial 
opacities  of  the  lens.  Moreover,  discission  is  indicated  in  membranoas 
cataract,  not  to  effect  their  absorption,  which  would  be  impossible,  but 
to  tear  a  hole  in  them  (dilaceration).  The  indications  for  extraction 
will  be  given  at  the  same  time  with  the  description  of  the  methods 
for  performing  it  (§§  161,  162).  Extraction  gives  its  best  results  when 
the  cataract  is  ripe.  Hence  we  should  put  off  the  operation  until 
this  occurs;  provided  always  that  the  other  eye  retains  sufficiently 
good  sight  in  the  meantime.  But  if  the  other  eye  also  becomes  so 
clouded  that  the  patient  is  incapacitated  from  work,  the  cataract  may 
be  extracted  even  before  it  is  fully  ripe.  Healing  then  takes  place  with 
a  good  result  as  in  ripe  cataract,  except  that  layers  of  transparent  cortex 
are  more  apt  to  remain  adherent  to  the  capsule  during  the  operation. 
These  afterwards  become  opaque,  so  that  a  secondary  cataract  is  formed 
which  requires  a  secondary  operation  (discission).  Different  operative 
methods  have  been  proposed  to  accelerate  the  process  of  ripening, 
among  which  Förster's  (iridectomy  with  massage  of  the  lens,  §  157)  is 
the  most  employed. 

Cataracts  which  are  congenital  or  which  develop  in  childhood 
should  be  operated  upon  as  early  as  possible.  Children  can  be  sub- 
jected to  the  operation  of  discission  with  good  results  at  the  age  of  a 
few  weeks.  If  the  cataract  is  not  operated  upon,  the  development  of 
the  retina  is  arrested  and  amblyopia  ex  anopsia  is  produced  (§   105). 

*  [It  seems  pon9>le  tbftt  abeorption  of  incipient  efttaract,  which  nometimes  oooun  spontaneoiisly 

■  * «— *-«  1 *:^-*- :-ii-  *i- ^  ^  plethoric  habit  and  of  rheumatic  tendencies. 

for  the  prevention  of  intestinal  auto-intoxica- 


may  be  effected  in  some  patients,  espedally  those  of 
by  tboroucb-coinB  redtietiaii  of  diet  and  measures  1 
tion  (^  Connor  and  o||^|Hri).^DJ 
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Consequently,  the  good  result  of  a  cataract  operation  that  is  performed 
at  a  later  date  is  comparatively  small  so  far  m  visiüu  la  concerned. 

In  traumatic  cataract  our  first  thought  should  be  to  combat  the  in- 
flammation which  usually  fullows  the  injury.  Iced  compresses  are  of 
the  most  service  against  this  impending  inflammation,  and  also  against 
the  great  swelling  of  the  woundeti  len«.  Removal  of  the  opaque  lens 
should  not  be  performed  at  once  except  when,  owing  to  its  own  great 
swelUng.  it  is  itself  the  cause  of  inflammation  or  of  increase  of  tension. 
Otherwise,  it  is  better  to  ]>iit  off  the  operation  until  later,  lest  the  in- 
flammatory symptoms  be  aggravated  or  brought  on  anew  by  it.  If 
we  wait  a  long  time,  often  a  great  part,  of  the  cataract  is  absorbed 
spontaneously,  so  that  instead  of  extraction  a  simpler  operation  (discis- 
sion) can  be  perfonned.  So,  too,  in  complicated  cataract  associated 
with  inflammatory  symptoms  we  had  better  await  the  decline  of  the 
inflammation  before  operating,  unless  imperative  indications  compel 
us  to  an  earlier  performance  of  the  operation. 

An  eye  which  has  been  operated  upon  for  cataract  is,  in  conse- 
quence of  the  loss  of  the  lens  (aphakia),  hyjjermetropic  to  a  marked 
degree,  and  has,  moreover,  lost  its  power  of  accommodation,  so  that  dis- 
tinct vision  can  be  obtained  only  by  suitable  convex  glasses.    [See  §  163.] 

Shall  wo  operat«  upon  an  eye  afTccted  with  a  nmfure  cataract  if  the  other  still 
SfidH  well?  In  the  case  when  a  !>eginDing  devc^lopnient  of  a  cataract  is  already  preBent 
in  the  stH'omJ  eye  this  question  it*  evidently  t«  lie  anawenxt  in  tlw?  affirniative.  To 
know  wtiether  we  shall  alsc*  operate  wheii  the  second  eye  is  perfectly  healthy  and  give» 
us  no  reason  to  anticipate  the  format  ion  of  a  cataract,  wp  miist  ask  what  gain  the 
patient  would  derive  from  a  unilateral  cataract  o[ieration,  flow  is  vision  performed 
with  two  eyes,  one  of  which  has  ittt  lenw  and  the  other  luuj  not?  In  that  ca.se  a  very 
great  dfTTennuN*  (^x^stn  ttt'tween  the  refraction  of  the  tvyneycH^ — that  is,  a  iT>arkecJ  »jcffSae 
of  anTisofTictrctota-  Btiiociilrtr  single  vision  is  still  t"w>ssit>le,  t)yt  tlio  niKijge»  are  ticver 
arfi  Jim  I  a  is  (met  in  tH>th  eyen  ut  the  same  tttne.  The  plan  that  naturally  siig^^sts 
.M^lf  of  correcting  the  upluikic  eye  Ity  a  corresix)nding  convex  gkuss,  and  thus  making 
both  eyes  alike,  pmvea  to  be  impr:  iticahle*'  (see  §  150).  But^  though  the  patient  l& 
not  ahle  to  use  the  operated  eye  for  distinct  vision  at  the  game  time  with  the  other, 
be  yet  derives  fn>nj  it  the  advantage  of  aa  enlargement  of  the  held  of  vision.  In  one- 
eyed  people  the  field  nf  virion  for  the  »Ingle  eye  is  limited  toward  one  side  hy  the  ncise, 
hile  the  man  who  sees  with  (wo  eyes  has  a  binocular  hel<l  of  vision  which  stretclies 
fry  far  toward  l>oth  sides.  An  eyv  which  hiis  Ix^n  operated  u|:>on  for  cataract  further- 
ire,  even  though  it  never  wears  a  jirop<*r  convex  gliLss,  nevertheless  retains  all  its 
iinrlional  capacity,  bo  that  it  can  at  once  take  the  place?  of  the  other  eye  in  ease  that 
lould  Ijecome  unserviceable.  It  is,  therefore,  a  reserve  for  the  future.  If  we  had  left 
le  cataract  with  the  idea  of  not  opc^rating  upcjn  it  until  something  liad  liappcned  to 
other  eye,  wo  might  jKfrluij^fi  bo  obliged  to  operate  upoa  a  vety  hj^nnatur© 
taract  under  unfavorable  conditionfl. 

Sometimes  w^e  operate  for  cataract  even  in  an  eye  wliieh  lias  no  longer  perception 
if  light  and  hence  can  not  regain  any  sight- -ciuing  this  merely  for  cosmetic  reason» 
order  to  give  the  pupil  ils  natural  lilark  hue  again. 

Historical, — Cataract  was  already  well  known  to  the  ancient  Greek  and  Roman 
y»icians.  On  account  of  the  gray  appearance  of  the  pupil,  they  denoted  it  by  the 
me  of  glaucoma,  which  word  in  the  course  nf  time  has  cluuigeil  its  meaning.    The 


^•h.1 


*|Kot  »Jwfiyw.     Ther*  hiiv«  h«^t%  ciuieft  in  xituch  thf  full  rnrrpuUion  ha*  b«*n  »urc<'i««fylly  npptted 
)  IKm  two  eyM  iJt«r  «ataract  opcraTion,  and  caac«  in  which  t\ü«  am  be  done  are  prol>abty  more  fr»- 
nt  Hum  w  nuppwed  (see  Note  to  i  ifiO),— O.J 
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ancients  also  knew  the  operation  for  cataract,  which  they  performed  by  depressing 
the  opaque  lens  into  the  vitreous  by  means  of  a  needle  (depressio  cataracts).  Never- 
theless, they  had  an  erroneous  conception  of  the  nature  of  the  disease,  in  that  they 
located  the  opacity  not  in  but  in  front  of  the  lens.  This  error  originated  from  the 
views  that  they  held  with  regard  to  the  function  of  the  lens.  This  body,  bright  as  crys- 
tal, the  most  obvious  thing  when  the  eyeball  is  opened,  was  considered  by  the  ancients 
to  be  the  true  seat  of  vision,  the  percipient  organ,  such  as  now  we  know  the  retina  to 
be.  According  to  this  view,  the  loss  of  the  lens  would  necessarily  entail  complete 
blindness;  but  since  the  ancients  knew  that  in  the  operation  for  cataract  the  opacity 
is  removed  from  the  pupil,  and  nevertheless  the  sight  is  not  lost,  but,  on  the  contrary, 
is  restored,  they  could  not  consistently  regard  the  opacity  as  located  in  the  lens.  They 
thought  the  opacity  which  they  depressed  into  the  vitreous  was  situated  in  front  of  the 
lens.  They  believed  that  it  originated  from  the  pouring  out  of  an  opaque  liquid  be- 
tween the  iris  and  lens,  and  hence  they  called  cataract  hypochyma  {vk6^  beneath,  and 
X^^,  I  pour)  or  sufTusio,  suffusion.  Since  it  was  imagined  that  the  opaque  liquid  fell 
down  from  above  in  front  of  the  lens,  the  name  Cataracta  (cat-aract),  which  still  is 
usually  employed,  came  into  use  in  the  middle  ages.  The  German  word  ''Staar''  is 
likewise  very  old.  The  expression  staraplint  (Staarblind)  occurs  as  early  as  the  eighth 
century.  It  means  really  eyes  which  are  starr  (rigid) — i.  e.,  fail  to  follow  objects  be- 
cause they  do  not  see  them.  Cataract  is  known  as  ''grauer  Staar,''  on  account  of  the 
gray  color  of  the  pupil,  to  distinguish  it  from  "schwarzer  Staar" — i.  e.,  those  varie- 
ties of  blindness  in  which  the  pupil  remains  bl^k  (blindness  due  to  disease  of  the  fundus 
of  the  eye).    "Grüner  Staar''  is  glaucoma. 

Our  knowledge  as  to  the  true  nature  of  cataract  dates  from  the  beginning  of 
the  last  century.  Even  before  this,  one  or  two  savants,  like  Mariotte  and  Boerhaave, 
recognized  the  real  situation  of  the  opacity,  without  their  doctrine's,  however,  obtaining 
general  acceptance.  In  the  year  1705,  Brisseau,  a  French  surgeon,  had  the  opportu- 
nity of  performing  an  autopsy  upon  the  body  of  a  soldier  who  had  a  mature  cata- 
ract in  his  eye.  Brisseau  performed  depression  of  the  cataract  upon  the  cadaver  and 
then  opened  the  eye,  when  he  found  that  the  opacity  which  he  had  depressed  into  the 
vitreous  was  the  lens.  He  laid  his  observations,  together  with  the  conclusions  drawn 
from  them,  before  the  French  Academy,  but  obtained  no  credence.  The  Academy 
confuted  him  by  holding  up  the  doctrines  of  Galen  in  regard  to  cataract.  It  was  not 
till  three  years  later,  when  new  proofs  had  been  brought,  that  the  Academy  reoognixed 
the  new  doctrine,  which  soon  found  general  acceptance. 

II.    Changes  of  Position  of  the  Lens. 

93.  Changes  of  position  of  the  lens  always  have  their  anatomical 
cause  in  changes  of  the  zonula  of  Zinn.  This  in  the  normal  eye  is 
tightly  stretched,  and  holds  the  lens  so  firmly  that  the  latter  remains 
perfectly  immovable  even  with  the  most  violent  motions  of  the  head. 
Hence,  any  tremor  of  the  lens,  and  still  more  any  displacement  of  it 
from  its  natural  position,  presuppose  a  relaxation  of  the  firmness  of 
this  attachment.  Such  a  relaxation  can  take  place  either  from  a  simple 
elongation  and  loosening  of  the  fibers  of  the  zonula,  or  else  from  their 
rupture  or  complete  destruction.  Changes  of  this  sort  may  affect  either 
single  portions  or  the  entire  circumference  of  the  zonula. 

The  objective  symptoms  of  a  change  of  position  differ  according  as 
the  lens  is  only  displaced  a  little  (subluxation),  or  has  left  its  place  in 
the  fossa  patellaris  altogether  HuxationV 

(a)  Svbluxation  may  consist  in  the  lens'  being  a  little  tilted,  so  that 
one  edge  of  it  looks  somewhat  forward,  the  opposite  one  somewhat 
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ickward.  This  is  recognized  from  the  unequal  depth  of  the  anterior 
aamber.    Another  sort  of  subluxation  is  produced  by  lateral  displace- 

ent  of  the  lens,  so  that  it  no  longer  lies  in  the  center  of  the  fossa  pa- 
lllaris.  In  this  case,  too,  the  anterior  chamber  is  unequaHy  deep. 
r,  for  example,  the  lens  is  somewhat  depressed,  the  anterior  cliitmber 

>uld  be  found  to  lie  deeper  in  its  upper  half,  shallower  below  (Fig. 
12).     Furthermore»  when  the  pupil  is  dilated  (and,  if  the  displace- 

&nt  ia  marked,  without  this)  we  can  see  the  edge  of  the  lens.  This, 
"in  the  example  above  selected  of  depression  of  the  lens,  would  run 
transversely  across  the  pupil,  forming  an  arch  which  is  convex  upward. 


In  conikequMioe 


L  UW 


Fia.  242. — BüBLuXA-noN  or  thk  Lens,    SciftMATit. 

The  ten»  hoA  sunk  »o  far  *lownwanl  that  it«  upper  otlKo  i«  vinibk'  in  rh<'  pupil.     _.    ^ 

f  »he  relikx&tion  gf  the  zonula,  ilsr^  lens  bTrlgie*-  **trutigly,  ftnil  i»  in  contacl  by  its  luwer  border  wiih  the 

Diary  prao^««^:   rnoreov'pr,  the  tow««r  half  »f  th*»  iris  is  pr«»«fteiJ  ffjrwarti  by  iL    Above,  on  the  Ponlr«ry. 

'  e  Anterior  chamber,  owing  to  rt^cei^wioti  uf  the  iris,  is  abnormally  deep.    t)f  the  beam  of  ray«  rtnitted 

_'  the  luminoufl  point  O,  n  portion  f^oea  throuish  th(^  aphakic  part,  a,  of  the  pupil;   thet^e  ray«,  on  ac- 

'ijount  of  the  ab.*enp<?  of  the  leni*,  are  in.^iifliciently  refract etLwo  that  they  come  to  a  focu»  behind  the 

retitia  at  f,  and  form  upon  the  retina  a  difTu^'ion.  circle,  b.    That  portion  of  the  beam  päiKRinc  tiiroueh 

the  »ection,  /,  of  the  pupil,  whi*;h  cor^aiuR  the  leu»,  uiiderufjea  exees^ifive  reff&ctlo«  on  accoimt  of  the 

icreuMid  convexity  of  the  len,-*,  .«o  that  the  rays  intersect  in  front  of  the  retina  at  /i.  and  form  upon  the 

ina  a  dilTuüion  circle,  bt.     Thi«!  latter  Rcts  to  lie  below  the  fovea  centraJi»  (and  below  the  cltfruHifin 

cle,  6),  becatiM  all  rays  pan^^ing:  through  the  len»  underRo  a  deviation  downward  on  ac«oiitit  of  the 

^.iaroatic  action  of  the  latter.    Thu»  two  imai^e-^  of  the  point  O  are  producerl  upon  the  retina.    The 

monocular  diplopia  thuji  eauj<ed  m  not,  therefore,  the  result  of  the  two  Hortü«  of  refraction  present  in 

of  tho  pupil,  but  is  the  renult  of  the  prUtmatic  action  of  the  maririii  of  the  lens.  ^ 


It 


'hat  part,  of  the  pupil  which  is  s^ituated  above  it,  and  which  has  no  lens 
(Fig.  242,  a)  would  be  a  deep  black,  while  the  lower  part  (/)  whirh  con- 
tains  the  lens  would  be  faintlv  gray.  This  arises  from  the  fact  that 
even  the  most  transparent  lens  reflects  some  Ught.  Really,  therefore, 
the  normal  pupil  is  not  perfectly  black,  but  of  a  very  dark  gray — a  fact 
hich  one  can  convince  himself  of  in  those  ca^ses  in  which,  through  dis- 
ilacement  of  the  lens,  one  part  of  the  pupil  i^  aphakic,  and  therefore  is 
of  a  pure  black. 

In  both  ca^es — that  is,  when  the  lefis  Is  tiUed  and  whe^  it  m  later- 
ally displaced,  conditions  which  are  often  enniblned— there  oecurs  in 
m o vefTienT^  of  the  eye  t re mor  of  the  inadequately  attached  lens_jind  with 
the  lens  of  the  iris  also  (iridodonesis)^  ^ 
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(6)  Luxation  of  the  lens  consists  in  its  leaving  the  fossa  patellaris 
altogether,  either  by  prolapsing  into  the  anterior  chamber  or  by  reced- 
ing into  the  vitreous. 

A  lens  luxated  into  the  anterior  chamber  is  readily  recognizable 
from  its  shape.  This  is  more  convex  than  usual  because  the  lens  is  no 
longer  kept  flat  by  the  tense  zonula.  It  therefore  assumes  its  maximum 
convexity,  as  it  does  upon  the  strongest  effort  of  accommodation.  If 
the  lens  is  transparent,  its  edges  appear  like  a  curved  line  of  golden 
luster,  so  that  it  looks  as  if  a  great  drop  of  oil  were  lying  in  the  anterior 
chamber.  The  anterior  chamber  is  deeper,  especially  below,  where  the 
iris  is  pressed  backward  by  the  lens. 

Luxation  of  the  lens  into  the  vitreous  occurs  more  frequently  than 
luxatioiTinto  the  anterior  chamber.  The  anterior  chamber  then  is  deep 
because  of  the  recession  of  the  iris,  which  is  tremulous.  The  pupil  is 
of  a  pure  black.  The  lens,  itself,  if  opaque,  may  sometimes  be  recog- 
nized deep  down  even  with  the  naked  eye;  in  most  cases,  however,  the 
ophthalmoscope  is  required  in  order  to  discover  it.  It  is  either  attached 
to  some  spot  of  the  fundus  by  means  of  exudates,  or  it  floats  about  freely 
in  tlTe  vitreous  {Cataracta  natans) , 

liJvery  ^slocation  ot  i he  lens  entails  a  considerable  disturbance  of 
vision.  If  the  lens  still  Ues  within  the  pupillary  area,  the  eye  becomes 
very  myopic,  because  owing  to  the  relaxation  of  the  zonula  the  lens  as- 
sumes its  maximum  convexity.  Added  to  this  is  a  considerable  de- 
gree of  astigmatism,  arising  from  the  fact  that  the  lens,  either  from 
being  tilted  or  being  laterally  displaced,^  refracts  the  ligh«  vvith  unequal 
strength  in  the  different  meridians  (regular  astigmatism);  or  the  re- 
fractive power  may  even  vary  in  different  sections  of  the  same  me- 
ridian (irregular  astigmatism).  The  astigmatism  attains  its  maximum 
when  the  lens  is  so  greatly  displaced  that  its  edge  is  visible  in  the  pupil, 
the  latter  thus  consisting  of  a  portion  which  does,  and  one  of  which 
does  not,  contain  the  lens.  In  such  a  case,  moreover,  double  vision — 
monocular  diplopia — is  present;  for  the  marginal  portions  of  the  lens 
act  like  a  prism,  whose  refracting  edge  correspondis  to  the  equator  of 
the  lens.  By  reason  of  this,  the  rays  passing  through  the  lens  are  de- 
viated, so  that  two  images  (b  and  ftp  Fig.  242)  of  one  object  (O)  are 
formed  upon  the  retina.  Neither  of  these  is  distinct.  The  image  (6) 
produced  by  the  aphakic  portion  of  the  pupil  corresponds  to  that  formed 
by  a  very  hypermetropic  eye,  and  would  require  a  convex  lens  to  make 
it  distinct.  The  image  (6,)  appertaining  to  that  part  of  the  pupil  which 
contains  the  lens  is  that  of  a  myopic  eye,  and  could  be  made  distinct 
by  means  of  a  concave  lens.  Furthermore,  disturbance  of  vision  may 
be  produced  by  the  development  of  opacity  in  the  subluxated  lens. 

In  luxation  of  the  lens  into  the  vitreous  the  eye  acts  like  an  aphakic 
one,  and,  if  no  further  complications  are  present,  sees  well  with  the  cor- 


^  [Or  from  being  unequally  relaxed  (in  oases  of  partial  rupture  of  the  lonula). — D.] 
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reeling  convex  glasye^,  Iiuieed,  in  the  tUd  method  of  cataract  npenition 
by  depression,  a  luxation  of  the  lens  into  the  vitreous  was  produced  de- 
signedly in  order  to  increase  the  sight. 

DislocatioiLs  of  the  lens  usually  entail  secondary  consequences  which 
may  be  extremely  disastrous  to  the  eye.  Subluxations  often  in  time 
change  into  complete  luxatiorLs,  the  vibrating  lens  constantly  pulling 
upon  the  zonula  and  gradually  causing  it  to  atrophy.  While  snblu^ated 
lenses  often  remaii^  transparent  for  u  Ioop^  timp.  hixätf-fl  ]..fi,^/>c  .iwnrJiy 
soon  become  opaoue.  Moreover,  dislocated  lenses  are  often  opaque  to 
start  with,  this  being  jptirticularly^he  case  in  sjionjajieous  luxations. 
The  worst  cnmpHrTitions  are  inOo-cvcliti.s  antl  in  crease  of  tf^nsion  (^sg^c- 
ondarv  glauetimuK  The  most  dangerous  form  of  luxation  of  the  lens 
is  that  into  tlie  anterior  chamber.  In  this  case  the  cornea  becumee 
opaque  wherever  the  lens  is  applied  to  its  pos- 
terior surface,  and  the  eye,  for  the  most  part, 
undergoes  sfieedy  destruction  through  irido- 
cyclitis or  increase  of  tension.  On  the  other 
hand,  luxation  of  the  lens  into  the  vitreous  is 
the  form  best  ttilerated,  especially  if  (he  lens, 
as  time  goes  on,  becomes  smaller  through  restirp- 
tion.  In  fact,  in  the  depression  of  cataract,  one 
used  to  count  upon  this  tolerance  of  the  eye 
toward  the  lens  when  depressed  into  the  vitreous. 

With  respect  to  efüdotfy  a  distimtion  is 
made  between  congenital  and  acquired  disloca- 
tions of  the  lens. 

(a)  Co n ge n ital  d i s  1  o c a t i o n s  consist  in  a  lat- 
eral displacement  (subluxation)  of  tlie  lens,  which  is  known  as  ectopia 
lentis  (Fig.  243).  The  displacement  is  caused  by  the  fact  that  t)ie 
zonula  is  of  unequal  width  in  different  directions.  Älost  frequently 
the  lens  is  found  to  l>e  displaced  upward,  the  fibers  of  the  zonula  being 
shortest  above,  longest  l>elow.  For  the  most  part,  too,  the  volume  of  the 
lens  is  somewhat  smaller  In  after  years  the  €*ctopia  usually  increases, 
and  even  passes  over  into  a  condition  of  total  luxation.  Ectopia  of 
the  lens  is  ordinarily  present  in  both  eye.s  and  symmetricaüy  in  both. 
Very  often  it  is  of  hereditary  origin, 

(b)  The  ücxpiired  dish>cations  of  the  lens  dcv(*lop  either  iis  the  re- 
sult of  trauma  or  spontan(*ously.  Traumatic  disiocatiijns  are  princi- 
pally caused  by  contusion  of  the  eyeball  (for  the  mechanism  of  the 
luxation,  see  page  424).  Every  variety  of  subluxation  and  luxation 
may  Ije  thus  producer!,  according  as  the  zonula  is  simply  torn  into  or  is 
entirely  torn  through.  If  the  tunics  of  the  eye  are  ru]>iured.  the  lens 
may  even  l:>e  expelled  entir€j^"  from  the  eve.  Among  traumatic  luxa- 
tions in  the  more  extendefl  sense  ot  the  word  may  be  reckoned  those 
which  develop  when  perforation  of  a  corneal  ulcer  takes  place  very 
rapidly;   in  this  cjise  if  the  perforation  is  only  large  enough,  the  lens 

M 


Fin,  243, — EtTOPU    Prpiuj« 
KT  hEsrm,     RiaiiT  Eyk. 

The  pypil  !!<  preMy  wi<ir 
(,>  mm,),  tioi  rpRtilnrly  cirei  lur 
aiat  11»  »li-HpkirfHJ  hntip«iittli>% 
'i'lio  broader  iiii}<al  pniirfiori  of 
Oil»  iri:'<]i!*jilft>i'  iheroiil  raction 
furrowis.  lh<*  \vr\^  \*  i^tighllv 
cloudy^  smftllf*r  than  nurriial, 
and  dii^plAcrd  in  a  diifcttori 
appni>iite  to  that  of  the  ptipU, 
tb&t  ifi,  nasally. 
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may  even  be  discharged  through  it  externally.  Spontaneous  disloca- 
tions take  their  origin  from  a  gradual  softening  and  disintegration  of 
the  zonula.  The  lens  then  owing  to  its  weight  sinks  gradually  deeper 
and  deeper,  and  at  length  undergoes  complete  prolapse  into  the  vitre- 
ous. The  atrophv  of  the  zonula  develops  as  a  result  of  litiuftfaotion 
of  the  vitreous,  and  hence  occurs  especiallv  in  myopia  of  hi^h  degree, 
in  fihnrjoiHitia.  and  in  detachment  of  the  retina.  Again,  tne  shrink- 
ing  of  a  hypermature  cataract  may  cause  stretching  of  the  zonula  with 
consequent  atrophy  of  it,  and  thus  give  rise  to  spontaneous  disloca- 
tion  of  the  len^,  so  that  the  sight  which  has  beon  abrogated  by  the 
cataract  is  restored  without  an  operation.  If  for  any  reason  the  zonula 
is  alreadv  atronhic.  the  final  impulse  leading  to  total  luxation  is  Tre- 
quently  afforded  by  a  very  msignificant  traumatj^m — in  fact,  even  by 
bending  over,  sneezing,  etc. 

Treatment  in  those  cases  in  which  the  dislocation  of  the  lens  entails 
no  further  injurious  consequences  besides  the  disturbance  of  vision, 
consists  in  the  prescribing  of  suitable  glasses.  In  those  cases  in  which 
the  symptoms  of  irido-cyclitis  or  of  secondary  glaucoma  are  caused  by 
the  displacement  of  the  lens,  extraction  of  the  latter,  if  feasible,  is  indi- 
cated. Extraction  is  most  readily  performed  in  luxation  of  the  lens 
into  the  anterior  chamber;  in  this  case,  too,  it  is  absolutely  required, 
since  otherwise  the  eye  is  lost.  In  subluxation,  the  removal  of  the  lens 
*is  often  difficult  or  even  miscarries 'altogether,  because  prolapse  of  the 
vitreous  occurs  on  account  of  the  defective  structure  of  the  zonula. 
Discission  of  a  subluxated  lens  may  be  tried,  but  is  not  often  successful, 
because  the  lens,  being  imperfectly  attached,  gives  way  before  the 
discission  needle.*   The  extrartinn  of  a  lens^pnatin^  in  the  vitreous  is 

1 /imjjgaaiJile.  In  cases  in  which  the  removal  of  the  Jens  is  ditticult  or 
impossible,  all  we  can  do  is  to  combat  the  inflammation  or  the  increase 

O  in  tension  by  means  of  an  iridectomy.  If  an  eye  which  is  already 
blind  is  the  seat  of  inflammation  and  pain  due  to  luxation  of  the  lens, 
enucleation  is  the  best  means  of  relieving  the  pain  and  averting  the 
danger  of  sympathetic  affection  of  the  other  eye. 

A  transparent,  luxated  lens  looks  differently,  according  as  we  regard  it  by  re- 
flected or  transmitted  light.  By  reflected  light  the  lens  appears  faintly  gray,  and  it« 
edge  has  a  golden  luster,  almost  as  if  it  were  a  self-luminous  body.  This  is  so  because 
the  rays  of  light  that  come  from  in  front  and  ent>er  the  marginal  portions  of  the  lens 
undergo  total  reflection  at  the  posterior  surface  of  the  latter;  for  at  this  spot  they  pasfi 
from  a  denser  medium  (the  lens)  into  a  rarer  medium  (the  vitreous),  and  hence  are 
refracted  away  from  the  normal  of  incidence;  but  as,  in  consequence  of  this,  they  fall 
very  obliquely  upon  the  posterior  lenticular  surface  at  the  edge  of  the  lens,  they  un- 
dergo t-otal  reflection.  They  accordingly  do  not  continue  their  course  into  the  inte- 
rior of  the  eye,  but  return  to  the  observer,  who  therefore  sees  the  edge  of  the  lens  shine. 
By  transmitted  light — in  examining  with  the  ophthalmoscope — the  edge  of  the  lens 
for  the  same  reason  appears  black,  because  the  light  that  is  reflected  from  the  fundus, 
wherever  it  traverses  the  lens  near  its  edge,  is  so  greatly  deflected  by  the  strong  pris- 
matic action  of  the  latter  toward  the  opposite  side  of  the  lens,  that  it  fails  to  reach 
the  eye  of  the  observer,  in  case  he  is  stationed  straight  in  front  of  the  eye.    Hence  the 
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border  of  the  iens  appears  unilluniined.  But  if  tlie  ol>6erv^r'8  eye  is  made  to  paas 
«lowly  toward  tiicj  öiUe  of  tfie  leti«  opposite  the  uiiillumjiied  cnigi?,  a  fK*ini  in  fmaUy 
reached  where  the  mys  pa.*s  that  are  tranamitted  through  this  edge;  and  then  the 
latter  appears  of  a  yhirung  red,  wmle  the  nest  of  the  len»  appears  uniUiiriiiiied  (i)iiunier). 
In  makitig  an  exaininaiion  with  tiitf  inverted  image,  we  may  often,  in  ease  of 
düdocation  of  the  lens,  see  soiuo  purtion  of  the  fimdus — e.  g,,  the  papilla-  flouLle,  and 
for  the  same  reason  that  tlie  a(T€K*t«d  eye  itself  msea  externid  ob  jet  I  f<  doulale. 

If  the  lens  lias  prohpsed  into  the  unterurr  chamber^  it  i^rodutrs  tlirongh  irritation 
of  the  iris  a  «fja^a  of  the  *iphin('t4ir  iridis,  'Ihe  pupd  loriütqueiitly  contriitl^n,  so  that 
Ukj  retiUTi  of  the  hns  into  the  jxisterior  rlmndxjr  is  cut  olT.  It  ii  ay  even  liappeii  tliai 
on  account  of  this  sp^asm  tho  Icivs  is  held  tight  at  the  nion;ent  when  it  is  endeavoring 
to  make  it8  way  through  the  pupil  into  the  antonor  chaniber.  '\  he  li*n«  is  then  jammed 
in  the  pupil,  and  consseqiiently  violent  «yrnplonia  id  irritation  aie  at  cjnee  set  up.  tlut 
there  arx^  ubo  caaas  in  which  th  lens  can  slip  through  the  pupil  so  ciusily  thai  it  is  found 
aoTuetimes  in  front  of,  sometimes  bt^hind,  the  iris,  Son:etines  the  patient  is  able  to 
prixlucHi^  this  ehange  of  plac:^  volunlarily.  He  cun  bring  the  leus  into  tlie  anterior 
chamber  by  bending  his  head  forward  and  shaking  it,  whib  to  bring  the  lens  back 
again  behind  the  iris  he  hua  to  lio  iip«m  his  l»aek.  Jn  this  case,  of  course,  we  are  alwa>^ 
dcfding  wiil»  Jensens  of  diminished  diameter,  which  can  psiss  througli  the  pupil  without 
difliculty.  In  some  instances  such  movable  li-nses  are  still  attached  to  the  swjnula^ 
whicli  is  then  greatly  elongated.  If  in  such  a  case  we  were  obligml  to  extract  the  Irns, 
Wf»  would  first  bring  it  into  the  anterior  clminU^r  by  the  appropriate  niananvTc.  '1  l,en 
if  we  cans«*  the  pupil  Uf  contract  behind  the  lens  h3'  employing  a  miotic,  we  liave,  aa 
'  it  were,  imprisoneil  the  lens  in  tbe  anterior  chandjcr,  and  will  be  able  under  ordinary 
.•ircums lances  U*  rcnio%'e  it  with  ease.  However,  those  cases  in  which  the  lens  shows 
^^Mich  a  great  capacity  h»r  Toaking  excursions  belong  to  the  rare  exceptions.  The  ride 
^Hb,,  tl»at  a  Inis  luxntcd  into  the  anterior  chamber  stays  there,  and,  in  conse^juence  of 
^^Hie  violent  inflammat  ton  wliieh  it  excites,  becomes  attached  by  exudates  to  the  cornea 
^Bnd  iris. 

^^^       The  distuHfarwt  of  vitimi  which  develops  in  stibluxation  of  the  bns,  bo  far  ns  ti 
consists  of  myopia  and  regidar  asfigmatism,  can  Ije  corrected  !)y  glasses,  biit  the  irreg- 
aatigmatism  can  not  Ix?.     If  the  dislocation  of  the  lens  is  so  great  that  a  part  of 
ptipil  is  aphakic,  wo  liave  the  choice  of  correcting  either  tbe  aphakic  jxjrtiun  of  the 
pil  with  a  convex  glass  or  the  portion  of  the  pupil  that  contains  tin»  lens  with  a  con- 
kve  ghkss.    We  recommend  to  the  |>atient  the  form  of  correction  which  gives  the  better 
ht.      iSometimes,  for  the  sake  of  Ijetter  correction,  it  is  indicated  to  enlarge  the 
ic  portion  of  tlie  pupil   by  an  iridectomy,  and  do  make  the  eye  like  one  desti- 
of  a  lens. 

HiKintaneous  dislocation  of  the  len«  not  infrecjuently  occurs  in  eciasiir  either  of  llic 

ball  as  a  wliole  or  of  its  imtcrior  st^gments— hence  in  hydrophtbalmus,  in  staphylo- 

XH  of  the  cornea,  and  in  anterit»r  sfaphyloniata  of  the  stlera.     The  luxation  takes 

because,  as  a  result  <if  tbe  bulging  out  of  the  wall  of  the  eyeball,  the  space  lie» 

the  edge  of  the  Ictis  and  the  ciliary  body  becomes  enlarged,  so  tluit  the  zonula 

«lrete)ie<i  and  finally  atropliicj*.     It   may  even  happen  that   the  Jens   has  liecome 

j^pdliert^nt  to  a  corneal  cicatrix,  .so  as  to  liecome  more  and  more  tilted  as  the  cicatffx 

expands.     So,  too,  the  lens  is  sometimes  drawn  out  of  its  place  by  exudates  in  the 

vitre<»us,  which  at  tach  t  hemHclves  to  its  posterior  surface  and  afterward  tthrink.     I^istly, 

dislocation  of  the  lens  due  to  tumors  (gliomata  and  sarcomata)  pressing  upon  it 

ig.  195)  may  1^»©  also  mentioned  in  this  connection* 

By  ientwonwf  is  meant  a  rare,  usually  congenital,  anomaly  of  th©  lens,  which 

lis  a  conical  prominence  upon  its  anterior  or  posterior  surface. 
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CHAPTER  IX. 
DISEASES   OF  THE  VITREOUS  * 

Anatomy. 

!M.  The  vitreous  (corpus  vitreum)  is  a  transparent,  colorless,  gelat- 
inous mass  which  fills  the  posterior  cavity  of  the  eye.  On  its  anterior 
aspect  it  has  a  depression  (the  fossa  patellaris),  in  which  rests  the  pos- 
terior surface  of  the  lens.  By  its  other  aspects  the  vitreous  is  applied 
to  the  inner  surface  of  the  ciliary  body  and  the  retina. 

The  vitreous  consists  of  a  clear  liquid  substance  inclosed  in  the 

meshes  of   an  equally  transparent  reticulum — the  framework  of    the 

vitreous.     In  the  fetal  eye  the  vitreous  is  traversed  from  behind  for- 

T|iiL  ward  by  a  canal,  its  central  canal  (canalis  hyalojdeus,  canalis  Cloqueti), 


Kji^which  begins  at  the  papilla  of  the  opXic  nerve  and  extends  to  the  pos- 
^*^terior  pole  of  the  lens,  and  in  which  runs  the  hyaloid  artery.  In  the  fully 
[iJ^^developed  eye  this  canal,  in  case  it  is  present  at  all,  probably  serves  as 
»Jl^a  lymph  channel  (see  page  16). 

J^*.  ^  1  ne  vitreous  contains  cells,  vitreous  cells,  which  have  a  var>ing 
grounded  or  branched)  shape,  and  are  found  particularly  in  its  outer 
layers.  They  are  to  be  regarded  as  emigrated  white  blood  corpuscles 
which  have  travelled  into  the  vitreous  (Schwalbe). 

It  is  only  in  the  fetus  that  the  vitreous  has  vessels,  which  are  found 
in  its  outer  layers  (see  page  378).  In  the  fullv  developed  eve  the  vitreous 
is  desti^iitgjjfjggggjg,  and  hence  is  dependent  for  its  metabolism  upon  the 
surrounding  tissues,  principally  tE^g^S.  Aöcoraingiv.  attections  of  the 
inner  mempranes  ot  tn^cye^ucb  as  retinitis  and  chorioiditis,  always  result 
in  an  jmpncation  ot  thy  vitr^nns 

Diseases  of  the  Vitreous. 

1.  Opacities. — These  are  sometimes  small  and  sharply  circum- 
scribed, sometimes  of  large  size.  The  former,  which  make  their  ap- 
pearance under  the  form  of  dots,  flocculi,  threads,  or  membranes,  are 
what  are  called  opacities  of  the  vitreous  in  the  narrow  sense  (opaci- 
totes  corporis  vitrei).  The  patient  himself  perceives  them  entoptically, 
seeing  black  specks  of  various  shape  (muscse  volitantes)  floating  before 
his  eyes  (myodesopsia),^  In  addition,  there  is  a  diminution  of  the 
visual  acuity,  which  is  tne  more  pronounced  the  more  marked  the 
opacities  are. 

The  cau^e  of  opacities  of  the  vitreous  are  general! v  exudates  depos- 
ited there  in  the  course  of  inflammations  of  the  uvea  or  retina;    but 

*  From  Mvia,  a  fly,  and  o^t«.  vinion;   hence  properly  written  myiodesopua. 
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hemorrhages  J  *aking  place  from  the  ve.s>sels  of  thase  membranes  into 
the  viirecm??.  enner  .spontaneously  or  aa  the  result  ol  mjiiriei>,  may  also 
giveri^e  to  <>pa(:itic?>  of  tlie  latter. 

The  prognosis  ücpends  upun  the  «ize  and  the  age  of  the  opacities. 

Recent  opacities  of ,tlie  vitreous  may  be  absorbed,  so  that  the  vitreous 

^comes  perfectly  clear  again.     Old  opacities,  on   the  contrary,  usually 

ist  all  treat nient.     As  refi^ards  extravasations  of  liloocl.  th€-  smaller 

ones  may  be  completely  absorT>^ed,  but  large-si ze<l  oncT  always  leave 

consiileralile  and  permanent  opürities^ 

ilie  InaUfirfU,  Which  is  surcasstu]  only  in  recent  cases,  consists  in 
the   employment    of    remedies    which    accelerate    absorption.      Among 
these  are  potiLssium  iodide  or  other  remedies  containing  iodine,  mer- 
cury,  diaphoretics,   and   mild   purgatives.     Of  the   last   named,   saline 
urgatives,  especially  the  saline  mineral  waters— e.  g.,  of  the   Kreuz- 
ffunnen   of   Marieidjad — are   particularly  employed.      Repeated  para- 
centesis of  the  anterior  chamber:  may  also  he  of  service  by  stimulating 
he  tissue  metamorphogii^  of  the  eye;   and  subcon|unctival  injections  of 
5-  to  10-per-cent  salt  solution  (onf^'half  or  a  whole  syringeful)   act  in 
the  same  w^ay. 

Large-sized  exudates  which  sometimes  fill   the  vitreous  originate 
severe  inflammations  of  the  ciliary  body,  retina,  and  chorioid  (see 
page  400,  et  seq.)*     They  may  be  seen,  if  the  media  are  otherwise  r-lear 
enough,    l>y   lateral    illumination  under  the  form  of   gray  or  yellowish 
^  asses  situated  behinti  the  lens.     The  plastic  exudates  becoine  oriian- 
jjgi  shrink  up.  and  thus  lea<l  to  atroph^  f)f  the  ^vf>ltri1L  while  the^uni- 
ent  exudates  fur  I  he  most  [>ait  are  traiisfi>rrned  into  a  paMophthahni Hs , 
i.  e..  are  evjicuäTcd  externally  after  per ffj rating;  tliesrjera,  and  terminate 
in  p h  t  hi s  1  s^nuTni^^ 

2\   Liquefaction  of   the  Vitreous  (Synchysis^  Corporis  Vitrei), — 

I  When  ol>serving  oj>acities  of  the  vitreous  with  the  ophthalmoscope,  we 
bee  that  most  of  them  float  about  freely  in  the  vitreous.     It  follows 
from  this  that  the  fraitiework  of  the  vitreous  must  have  been  destroyed, 
io  tliat  this  body  itself  is  cf>n verted  into  a  perfectly  liquid  mass.     In 
!      operations  we  often  have  an  opportunity  of  directly  convincing  our- 
selves of  the  liquefaction  of  the  vitreous^  which  we  see  flowing  out 
under  the  form  of  a  viscid,  usually  yellow-colored   liquid.     Lit^uef ac- 
tion f>f  the  vitreous  occurs_as  a   siTn|)le    senile    ch^].nge.  but    wTien    t>f 
^^£ r ea t er  extent   it  is  the  resii]t_of  jhsease  t  f  ; he_u<ljacent   tii<|]m|]ffit|^ 
^Brhich  are  concerned  in  maintaining  tiie  nutri  ion  of  t!ie  vitrei^tis — that 
l^iR,  it  occurs  chiefly  in  disease  of  .he  ciliary  body,  also  in  retinitis,  cho- 
rioiditis, myopia  of  high  degree,  ectavic  eyes.  etc. 

The  rn os t  i m po rt a n t  c f m seg vi e n c e    ■  f  1  i q u ef a c t i o n  o f  t lir  \\i rp o \ m  coo- 
ts in  the  gradiJal  diminotinn  in  v  lürrTe,  wlncfi  the  altered  viti^ous 
ay  undertro  and   wlTicli   mannests  itself  in   a   diminished    tension    of 
the  eve.     In   such    case^,    detachment    of   the    retina    and    afterwarcT 
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even  atrophy  of  the  eyeball  may  supervene.  Ann^}iPr  nnnapqiipnr»<>  n[ 
the  liquefaction  o{^  Jij^f^  ^hrftons  is  that,  the  zonula  becomes  softened 
and  fatropnic.  By  this  a  iremniS^^ronditiön  of  the  lens,  and  later 
oil  6V6Ii  it's  spontaneous  dislocation  are  produced. 

3.  Foreign   Bodies   in  the  Vitreous. — These   usually   excite   vno- 

1^  lent  inflammation — irido-cyclitis  or  panophthalmitis — by  which  the  eye 

« '  is  destroyed.     In  exceptional  cases  it  happens  that  a  foreign  body  is 

^  tolerated,  so  that  it  may  be  seen  for  years,  either  free  or  enveloped  in  an 

i«^' exudate,  within  the  otherwise  clear  vitreous.     Even  in  these  cases, 

however,  inflammation  may  still  set  in,  even  after  a  long  time  has 

elapsed,  and  destroy  the  eye.    Foreign  bodies  which  have  but  recently 

entered  the  vitreous  we  try  to  remove  as  soon  as  possible.     The  chief 

ones  that  afford  a  prospect  of  doing  this  successfully  are  chips  of  iron, 

since  magnets  may  be  employed  for  their  removal  (see  page  339),  while 

the  removal  of  other  foreign  bodies  is  usually  effected  only  by  a  happy 

accident.     If  violent  inflammation  has  already  set  in,  there  is  usually 

nothing  left  to  do  but  to  perform  enucleation  to  avert  a  sympathetic 

affection. 

Among  foreign  bodies  in  the  broader  sense  may  also  be  reckoned 
lenses  luxated  into  the  vitreous  and  also  the  Cysticercus,  both  of  which, 
like  foreign  bodies  in  the  proper  meaning  of  the  word,  give  rise  to  se- 
vere inflammation.  The  Cysticercus  may  be  removed  by  a  section 
made  in  the  sclera.  If  this  i^no^aone  in  season,  or  not  done  success- 
fully, the  eye  is  gradually  destroyed  by  irido-cycHtis,  and  eventually  has  "a 
to  be  enucleated  on  account  of  the  constantly  occurring  inflammatosy  '.^ 
attacks. 


Of  the  hyaloid  artery  normally  the  only  thing  that  is  left  in  the  newborn  infant 
is  a  short  and  slender  cord,  which,  moreover,  disappears  during  the  first  year  of  life. 
Exceptionally,  however,  larger  remnants  of  the  artery  remain  for  life.  A  persident 
huaUkd  artery  ordinarily  appears  under  tha-iorm  of  a  gray  filament  that  siretcKes 
from  the  papilla  out  into  the  vitreo^.  and  may  even  reacn  to  the  r|nJfAfini^  noi«  ^^ttlw 
lens.  In  typical  easels  it  is  possibleto  demonstrate  the  conn<^fit.inT^  hfttween^the  nla- 
nSnl  and  thyTentralvessels  that  emerge^atJlS^pilla,  and  in  this  demonstiattiön  is 
found  the  suresTmSSn^nSTstinguishjaiLl^etweentto  remnant  of  fetal  li/e  and  paffio- 
loiflCSTCTSSttes  01  the  yiffSusTwhicn  may  in  ottier  respects  nave  a  siraSlar  shape  aSd 
posSRonTöometimes  instead  of  a  filaiiiyiil  U  WlUi^k*  liibiilar  structure  is  boservea,  ex- 
tenSlhg  out  from  behind  forward  in  the  axis  of  the  vitreous.  This  represents  the  hya- 
loid canal  (also  called  ClnqtieVs  canal),  whose  walls,  owing  to  some  abnormality  in 
their  structure,  are  visible  with  the  ophthalmoscope.  This  conyjenital  anon^v^  as 
well  as  the  persis^^t  hv?tlni<j[  ^rt/»rv  is  frequently  associated  with  opacH.ie8  in-the 
posterior^lSmon^Ttho  lens  ^posteripr_Bolaranff7oPfffiS^7TOffRct').  In  many  animals 
— e.  gT^TPfÜfTrog  af\d  lA  TAany  snakes  and  hshes — the  vessels  of  the  vitreous  persist 
during  life. 

The  embryonic  vitreous  contains  a  great  abundance  of  cells,  and  is  hence  opaque. 
The  colls  afterward  disappear,  but  opaque  remnants  of  them  remain  in  the  vitreous, 
and  may  be  perceived  entoptically  as  rnuscce  volUanies.  These  physiological  opacities 
of  tho  vitreous  appear  under  the  form  of  transparent  filaments  or  of  strings  of  pearls 
or  of  small  flocculi,  which  move  not  only  with  the  eye,  but  also  spontaneously.  We  see 
this  very  realily  if  wo  look  suddenly  upward  and  then  hold  the  eye  still,  when  the 
opacities  sink  slowly  down.     They  are  thus  distinguished  from  the  entoptic  images 
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irhich  are  produced  hy  opacities!  in  the  lens,  a»  i  fieee  always  remain  In  the  same  place 

the  fksld  of  view.     Physiological  intist^if  voiitiintCH  are  not  ai  all  obvious,  so  that 

Qost  men  are  not  aware  of  rlieir  existenee  in  their  eyes.    '1  o  ]jcrceive  them  we  IrHik 

It  a  imifomily  üluniinated  surface — for  instance,  the  sky — through  a  stenop«?ic  aper- 

(a  minute  hole  made  by  sticking  a  needle  throuj^h  a  piet^e  of  black  jjajier).    1  hey 

usually  Lietter  ijerceive<i   by  myopic  eyes.     Ah  moou    iis  sucli  mui^cie  volitantes  be- 

>  flo  distinct  nä  to  continually  force  them.selve8  upon  the  attention  and  to  lieeome 

oubleaome  to  the  patient,  they  excite  the  suspicion  of  thejr  being  pathological  ofjaci- 

tiea  of  the  vitreous.    To  discover  them  the  ophthahnnsccjfje  is  Uättd. 

When  the  opacities  are  faint ^  it  is  ninx-a.^iant'  to  use  a  plane  mirror  and  place  behind 

,  a  strong  lens  in  order  to  enable  us  to  get  as  near  as  pofssible  tfi  the  eye  we  are  exam* 

ling.    Generally,  t^io,  artificial  cliUitation  of  the  pupil  is  rec|uired.    Seen  with  the  oph- 

Ihahnoecope,  opacities  of  the  vitmuus  apjx^ar  like  dark  dots  or  filaments  or  membranes 

Eiting  alx>ul  in  tlie  vitreous.    Very  minute  opacities  affortl  the  picture  of  an  extremely 

Rne  stippling  of  the  vitreous  t;'  vitreous  dost  **). 

If  the  opacities  arc  »till  more  minute,  they  can 

no   longer   J>e   p(*rceived   ajs   discrete    jxiiiUs; 

nothing  but   a   uniform  obscuration  of   the 

linrluu  ia  olwwrvetl    (diffuse  opacity  of   the 

iritreous).    Tlie  more  nmnerous  the  ojiacities 

are  the  more  hazy  the  fundus  appears,  the 

pupil  at  the  same  time  kKjking  rodder  tlian 

usual  (aa  any  bright  background  appears  rt^l 

ßhind  a  cloudy  medium—^,  g,,  the  rising  sun 

a    cloudy  morning).    With    very    dense 

Dpaeieieis,  noihing  is  got  with    the   ophthal- 

Eliosc-opi'  liut  a  feeble  red  reflection  from  the 

upiltOr  I  tie  lat  ter  may  tnen  Ije  jT<?rfectly  dark. 

In  '''^fnfj^i^^d^<nf^^^^km    par^jj^giyyi^t'cn 

t  bx>k~ljke  goMcTi  sptntgles  tjoatiiig^bout 

1 1  le  vjl^^is^iffTr^niTriiTaTrTiKel^n^      r 

j>f  j£o|(l   to  the   bottom  ol  tln^  eye^jii^t I le 

bye  is  licM  stllL      riTrsi^  are  formed  of  crvst als 

i"h*»*c  .surlaci's  Ix'ing  sinmith  reflect  the  light 

strongi)'.    1  hey  tisuall^y  consist  of  Cholesterin. 

simietimes    also    of   tyrosjn^    rtiargarm^  and 

tlumpliate^.      These  crystals  are  sometimes 

Sound    in   eyes    liiat  are   otherwise    healthy 

(e8pet*ially  in  elderly  pt^ople),  without    causing   any  essential  disturbance  of  vision. 

(Oi^cities  of  the  vitreous  are  the  rcrnttia^  of  exudates.  The  more  minute  opacitie« 
^nsiat  of  iiiasst\s  of  cells  or  pigment  granules  or  filaments.  The  larger  exudates,  so 
fur  as  they  do  not  undergo  re.sorption,  l>ecome  orgatUÄed  into  membmnes,  cords,  or  even 
pretty  large  masses  of  conned ive  tissue.  In  this  way  a  new  formation  of  blood -vess*']« 
Inay  even  take  place,  which  run  from  the  retinal  vessels  into  the  vitreous,  and  can  be 
tirade  out  there  l*y  means  of  the  oplithahnoscoj>e.  Exudates  in  the  vitreous  do  not 
Originate  in  the  latter  il.'^elf,  but  from  an  inflammation  of  the  membrane»  (uvea  and 
retina)  surrounding  it.  The  d ist iirbance  of  vision  which  is  !*ot  up  by  a  recent  cyelitia, 
chorioiditis,  or  retinitis,  is  in  large  inirt  attributable  to  the  opacity  of  the  vitreous, 
which  is  present  at  the  same  time.  Primary  inflammation  (hyaliiis)  of  the  vitreous, 
^ which  not  only  is  devoi<l  of  vessels,  but  also  contains  scarcely  any  cellular  element«, 
sin  not  l>e  assumed  to  exist. 

Opacities  also  form  as  the  result  of  hewwrrh^jgeH  into  tlie  vitreous.     Tliese  occtir 

ter  injuries  and  also  spontaneously  in  chorioiditis,  rt^tiiulis,  and  myopia  of  high 

egnv,  and,  furthermore,  are  not  infrf^iuent  in  old  people  with  atheromatous  vcss*rls. 

tin»es,  too,  in  eyes  which  are  i>t]ier\viBe  healthy  liemorrhages  into  the  vitreous 

olwerved,  which  appear  sjx)ntaneously,  recur  rep<*a tedly,  and  (lormeate  the  vit- 
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iFio.    244. — Persiätknt    IHalojd    Aktemt 

( Ijiug.  and  rollins J ,  From  Nurriiifljid  Oliver. 

Öhrunken  elohc  in  wliich  a  tji«  of  a  peraist- 

ent  hyaloid  artpry  wüä  found  adherent  to  optic 
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reous  so  thoroughly  that  even  quantitative  perception  of  light  is  abrogated.  This 
alTection  is  observed  chiefly  in  young  men,  sometimes  in  conjunction  with  frequent 
attacks  of  epistaxis.  A  cause  for  the  repeated  hemorrhages  is  usually  not  discover- 
able. If  the  hemorrhages  recur  often,  the  vitreous  never  clears  up  perfectly,  but  masses 
of  connective  tissue  ultimately  form  in  it  which  may  vascularize,  and  detachment  of 
the  retina  may  occur.  The  sight  is  thus  seriously  and  permanently  affected  or  even 
absolutely  annihilated  (cf.  Retinitis  Proliferans,  page  552  and  Fig.  255  A). 

After  extensive  opacities  of  the  vitreous  ^^^^^  yAY  Q<^<^^r  ^  brownish  or  greenish 
diacoloSTlRfl  6!  tftCTfflTpWJ^o  the  (jitTusion  ofnoSfcolny^no^tnitf i/^r 

The  disturSanc^Sf  vision  caused  biToj^cinSs  of  the  vitreous  is  determined  by 
their  total  amount.  Isolated  flocculi  in  the  vitreous  may  coexist  with  normal  visual 
acuity.  When  the  opacities  are  numerous,  the  statement  is  often  made  by  the  pa- 
tients that  their  sight  shows  great  variations  within  short  periods  of  time.  This  fact  is 
also  noticed  when  tests  of  the  vision  are  made.  While  at  firat  the  patient,  when  placed 
before  the  card  with  the  test  types,  does  not  beghi  to  see  the  large  letters,  he  can  some- 
times distinguish  even  the  small  letters  after  he  has  had  his  gaze  fixed  upon  them  for 
a  pretty  long  time.  Then  all  at  once  he  sees  much  worse  again.  This  comos  from  the 
mobility  of  the  opacities,  which,  when  the  gaze  is  kept  steadily  fixed  for  a  long  time, 
sink  to  the  bottom  of  the  vitreous,  so  that  the  central  portion  of  the  latter  becomes 
clear;   then  any  great  movement  of  the  eye  stirs  them  up  again. 

Detachment  of  the  vitreous  consists  in  the  accumulation  of  liquid  either  in  front 
of  it  between  the  lens  and  vitreous,  or  behind  it  between  the  vitreous  and  retina.  (In 
the  region  of  the  ciliary  body  the  vitreous  is  so  firmly  adherent  that  it  never  becomes 
detached.)  Such  detachment  is  much  more  rare  than  was  formerly  supposed,  when 
observers  were  misled  by  the  presence  of  artefacts  produced  by  the  hardening  of  the 
specimens  (Oreef,  Elschnig). 

The  entozoa  occurring  in  the  vitreous  are  the  filaria.  the  echinococcus.  and  the  Cysti- 
cercus celiuiosae.  5f  the  two  formertlurveryTe^^cases  have  so  far  Veen  known.  The 
eysncerciut  wa«  formerly  frequent,  but  now,  thanks  to  better  meat  inspection,  has  aL«»o 
become  a  rarity.  It  is  the  s:!nbx  of  the  Taenia  Solium.  Before  a  patient  can  liave  a  Cys- 
ticercus, the  c:;gs  must  first  get  into  his  stomach.  This  m!iy  t  ike  place  from  the  fact 
that  the  patient  himself  harbors  in  his  intestine  a  taenia,  joints  of  which  find  their  way 
into  his  stomach.  Here  they  are  digested  and  the  eggs  contained  in  them  set  free.  Most 
patients,  however,  who  suffer  from  the  presence  of  a  Cysticercus  do  not  have  a  tspnia 
themselves.  Hence,  the  eggs  of  the  ttenia  must  get  into  the  stomach  from  outside  along 
with  the  food  (most  frequently  with  the  drinking  water).  In  the  stomach  embryos 
develop  from  the  eggs,  having  booklets,  by  means  of  which  they  penetrate  the  stomach 
walls  and  get  into  the  blood-vessels.  The  blood  current  then  carries  them  into  dif- 
ferent parts  of  the  body,  where  they  again  leave  the  vessels,  bore  into  the  tissues,  and 
there  grow  into  cysticerci.  In  the  eye  the  cjrsticercus  most  often  gets  into  the  vessds 
of  the  chorioid  and  when  it  leaves  there  passes  at  once  beneath  the  retina,  detaching 
it  from  the  chorioid  (see  Fig.  260).  When  it  has  reached  a  certain  size  it  perforates 
the  retina  and  gets  into  the  vitreous.  But  the  Cysticercus  may  also  find  it«  way  into  a 
vessel  of  the  retina  or  the  ciliary  body,  and  from  there  may  enter  the  vitreous  directly, 
without  a  preceding  detachment  of  the  retina.  In  the  vitreous  the  Cysticercus  becomes 
visible  as  a  bluish-white  bladder.  If  the  head  and  neck  are  drawn  in,  they  appear 
under  the  form  of  a  brilliant  white  spot;  but  if  they  are  protruded  they  can  be  recog- 
nized quit«  distinctly,  and  it  is  even  possible  to  make  out  in  the  head  the  suctorial 
disks  and  the  crown  of  booklets.  The  animal  makes  spontaneous,  often  very  active, 
movements.  It  is  rare,  however,  for  the  Cysticercus  to  be  seen  with  perfect  distinct- 
ness when  in  the  vitreous.  For  opacities  very  s^n  form  in  the  shape  of  membranes, 
which  so  envelop  it  that  nothing  can  be  discenfed  through  them  but  a  dense  white 
mass.  In  such  cases  the  diagnosis  of  a  Cysticercus  is  difficult,  and  can  indeed  be  made 
with  certainty  only  when  upon  long  and  attentive  observation  we  make  out  the  exist- 
ence of  spontaneous  movements  taking  place  in  the  white  structure.  Ultimately 
the  eye  undergoes  destruction  from  irido-cyclitis. 


CHAPTER  X. 


DISEASES    OF   THE    RETINA. 


Anatomy  and  Physiology. 

9S.  The  retina  is  a  thin  membrane  which  in  the  living  eye  is  per- 
fectly transparent  and  of  a  purplii^h-red  color.  This  latter  depends 
upon  the  visual  purple  contained  in  the  rod«  (Boll),  After  death  the 
retina  becomeii  very  rapidJy  opaque,  and,  as  at  the  same  time  the  visual 
purple  is  bleached  out  under  the  influence  of  light,  the  retina  in  the 
eye  of  a  cadaver  appears  under  the  form  of  a  very  frail  white  mem- 
brane. In  tlie  living  retina,  too,  pathological  changes  manifest  them- 
selves at  once  by  a  loss  of  transparency,  just  as  is  also  tlie  case  with  the 
other  transparent  tissues  like  the  cornea,  lens^  and  vitreous.  Thanks 
to  this  property,  we  discover  even  minute  alterations  in  the^se  organs 
very  early. 

There  are  two  points  that  are  particularly  prominent  in  the  retina 
when  in  situ.  One  is  a  small  white  disk,  which  lies  to  the  inner  side  of 
the  posterior  pole  of  the  eye,  and  from  which  the  vessels  of  the  retina 
emanate;  this  is  the  point  of  entrance  or  head  of  the  optic  nerve,  the 
papilla  nervi  optici.  The  second  spot  occuj>ics  precisely  the  posterior 
pole  of  the  eye,  ancl  is  distinguished  by  its  faint  yellow  color.  It  is 
hence  called  the  yellow  spot,  the  imicula  lutea.  In  its  center  is 
found  a  small  depression,  the  fovea  of  the  retina,  or  fovea  ceniralis 
(/.  Fig.  145). 

If  we  try  to  lift  the  retina  from  the  subjacent  chorioid  by  means 
of  a  forceps,  we  see  that  it  is  connected  with  its  bed  only  at  two  places. 
One  of  these  is  the  head  of  the  optic  nerve,  the  other  is  the  anterior 
border  of  the  retina.  The  latter  is  formed  by  a  zigzag  line,  and  hence 
bears  the  name  of  the  ora  serrata  (o  o,  Fig.  14.5).  The  same  line  also 
represents  the  boundary  between  the  chorioid  and  ciliary  body,  and 
extends  farther  forward  on  the  nasal  than  on  the  temporal  side.  Ex- 
cept at  the  two  spots  just  named,  the  retina  everywhere  simply  lies 
upon  the  chorioid  without  being  attached  to  it. 

A  histnhgiail  ejaminutlon  <jf  the  retina  shows  that  it  arises  from 
the  optic  nerve,  the  tillers  of  which  spread  out  in  all  tUrections  and 
form  the  innermost  layer  of  the  retina,  the  fiber  layer  (Figs.  263,  1;  245 
B»  X].  The  most  external  layer,  that  of  tlie  roils  and  cones  (Fig,  263,, 
8)  ([Fig.  245,  //]),  is  tlie  light-perceiving  stratum  of  the  retina.  For  the 
mys  of  light  to  get  to  it,  they  must  pass  throygii  all  tlie  other  layers, 
sincvc  these  are  placed  in  front  of  it.  Vision,  therefore,  can  be  perfect 
only  when  these  layers  are  absolutely  transparent,  so  that  light  under- 


Ailjaoeut  lü  ttie  vitreou:*. 

It' IG.  245, — ScHEwc  or  rtiz  Strt  CTtni::  of  the  Human  Retina.  (After  Souier  ui  Posey  and  Spillrr  i 

A.  Uoritotitid  Mjctiön,  liammloxylin  f«taiii,     I.  Pit^metit   cpithrliiil  hiycr.     It.  Lay<*r  of  ro<l»  aftU 
cotiC"*;    11.  cxt^rrittl;    h,  inlcTiiftl  eleiueüL*.     11 L  Exlemal  limiliiijär  iur>riit»raii«.     IV.  Extcrtuii  mol'C<^_ 
Ijir  Inyer:    r,   fiber  hiy«r,     V,   External  scraniilnr  layRr.     \1.     Inl*irunl  niolcrular  lüver:    tl.  s| 
bliuttA;    e^  ftuivpuTtirif;  ti\i«rf*  of  Müller;    /.  tiuclet  of  the  »iime.     VIT.  Internal  itnintilar  t«yer« 
J^yer  of  leranirfiori  cplh.     IX.   Nfrv<'-fibf!'r  lay<?r.    X,   Internal  limj ring  miymbraiK-, 

/i*   I>Bmf>n!*trnliot*  aftfr  f lie*  inethiKi  of  rinlKi.     L   Piitrnpnt  ■ppitbelial  lay«»r.     If.    i 
cotie.«*.     in.   Molecular  an<l  vihujvI  vflU,     IV.   Exiertiol  pUxilorm  layer,     V.   1-ayer  lH 

VI.   I Jiyfr  of  bipolar  o*»!!?!.    \'n,   l^yer  of  amurrinecoU».    \lll.   Internal  plexiform  I  i 
TX,  I^Ver  of  gauicJitMi  rfO«,    X.  litervo-fiiber  lny<»ri    1.  (itiffufMP  ainaerin«*  c*Il^;    2,  iliffu.^- tfuii^liti 
3t  cpntrif Ileal  iien'e  fihcrn;    4,  aR^ociatmn-amacnne  C4?ll>«:    5    nt^iirogUa  ct^lW,    i\  smppcirtiug  filxr«  ( 
Mtlll^r.— D4 


histology*  It  neetl  tiiily  be  mentioned  here  that  the  retina  us  compos« 
of  two  kinds  of  tissue,  the  nervous  tii^sue  and  the  supporting  tissi 
Tlie  function  of  the  Intter  is  to  maintain  and  iiupport  the  extreme 
delicate  nervouüs  ti.ssue  in  the  proper  pcjsition,  and  also  to  insuhite  tl 
nervous  element,«^  from  one  another.  The  relative  proportion  of  tl 
two  tissues  ehaiiptes  iti  inflammation  and  pnrticuhxrly  in  atrophy  of  tl 
retina,   the    nervous    ek^ments    being    destroyed    while   the   supportil 
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tissue  becomes  increiised  in  quantity,  so  that  the  retina  ultimately  con- 
sists entirely  of  the  latter. 

The  depression  at  the  site  of  the  fovea  centralis  arises  from  a  thin- 
ning of  the  retina,  tlie  inner  layers  of  the  hitter  being  here  entirely 
absent.  Furthermore,  the  retinal  fovea  is  also  distinguished  by  the  fact 
that  the  most  external  hiyer  here  consists  only  of  cones.  The  rods  do 
not  begin  unlil  at  the  border  of  the  macula  lutea,  and  as  we  pass  toward 
the  ora  serrata,  grow  niore  and  more  numerous,  while  the  number  of 
cones  diminishes  in  hke  proijortion. 

The  fovea  centralis  is  tiie  part  of  the  retina  that  has  the  most  deli- 
cate perception.  And  so  when  we  wish  to  get  a  precise  perception  of 
an  object ♦  we  so  adjust  rjur  eye  that  the  inia^e  shall  fall  upon  the  fovea; 
we  [^'sight"  or]  ''üx''  the  object. 


'^^^; 


f' 


tF»o.  24Ö. — SccnoN  or  Human  Retina  at  tbb  Ora  j^j  jsu ata.  (After  Pivrsol  in  Norris  and  Oliver) 

Showa  tb«  abnipt  tcrinitmtiofi  of  the  u«ual  retinal  layer»  and  the  ct>n  tin  nation  of  the  retirmi 
,^e«>t  a»  the  par«  ciJiari*.^«,  pi)<inc-nt  Uyer;  6,  rod»  and  cone»;  c,  outer  nuclear  layer;  </;  tiutvr  plexi- 
Ibrm;  f,  inner  nueleur;  f,  mner  ple^tform;  o,  ganglioiii  cells;  h,  pciint  of  trantfiLJQn  into  inner  «stratum 
{k)  of  PATH  ciliarisi  i,  section  of  cyjil.    Magnified  165  diametera. — D.l 

The  membrane  here  described — the  retina,  in  the  narrower  sense  of 
the  word— develops  from  the  inner  layer  of  the  secondary  ophthalmic 
vesicle  (page  377  and  Fig.  165,  r).  From  the  outer  layer  of  the  vesicle 
(pf  Fig*  165)  is  developed  the  pigmaü  tiuthelium,  which  therefore 
must,  on  embryological  grounds,  be  counted  in  with  the  retina  (in  the 
wider  sense  of  the  term).  It  lies  upon  the  chorioid  along  the  outer 
Side  of  tlie  retina y  and,  because  it  remains  behind  when  the  retina  is 
removed  from  the  chorioid,  was  formerly  regarded  as  beh:>nging  to  the 
latter.  The  connection  Ijctween  the  retina  and  pigment  epithelium 
consist^s  in  the  fact  that  the  cells  of  the  latter  send  minute  ciha-like 
processes  in  between  the  rods  and  cones;  in  these  processes  he  the 
minute  crystals  of  the  brown  retinal  pigment. 

The  cessation  of  the  retina  at  the  ora  serrata  is  apparent  only;  the 
microscope  shows  that  under  a  simpler  form  it  extends  still  farther, 
even  up  to  the  edge  of  the  |>upiL  It  therefore  lines  the  inner  surface 
of  the  ciliary  body  and  the  posterior  surface  of  the  iris.  The  portion 
of  the  retina  lying  iqxni  the  ciliary  body  is  called  the  fmrs  ciUaris  ret- 
imv  [Fig*  246].     Wherever  this  extends,  the  external  layer  of  the  retina, 
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or  pigment  epithelium  (Figs.  146  and  147,  P),  is  more  darkly  pigmented, 
so  that  this  division  of  the  interior  of  the  eye  is  characterized  by  a  par- 
ticulariy  dark  color  (or,  Fig.  145).  The  inner  layer  of  the  retina — the 
continuation  of  the  retina,  in  the  narrower  sense  of  the  word — ^is  here 
reduced  to  a  single  stratum  of  cylindrical  cells  (Figs.  146  and  147,  C) 
[Fig.  246,  k].  At  the  spot  where  the  two  layers  of  the  retina  pass  over 
upon  the  iris,  the  difference  between  them  becomes  even  less  marked 
than  before,  since  now  the  cells  of  the  inner  layer  too  are  filled  with 
pigment  granules.  Thus  the  two  layers  in  conjunction  form  a  uniformly 
pigmented  stratum,  which,  as  the  pars  iridica  retinw  (retinal  pigment 


Lai««  loopa. 


[Fio.  247. — Blood-vessels  op  the  Yellow  Spot  Injected.   After  Böhm  and  Vod  Davidoff. 

(Nonifl  and  Oliver.) — D.] 

layer  of   the  iris),  covers    the  posterior  surface  of   the  iris  up  to  the 
margin  of  the  pupil,  about  which  the  two  layers  turn  and  then  unite. 

The  retina  has  its  own  system  of  blood-vessels,  which  is  almost  en- 
tirely separate  from  the  adjoining  system  of  ciliary  vessels.  It  is  formed 
by  an  expansion  of  the  arteria  and  vena  centra^li«  n^rv]  ontim  which 
break  up  into  branches  in  tne  optic  papilla.  These  branch^subdiyide 
in  the  retina  as  far  as  the  ora  serrata  without  anastomosing  together 
(see  Fig.  154,  a,  a^  and  b,  ö,;  Fig.  16  represents  the  branching  of  vessels 
in  the  retina  as  seen  with  the  ophthalmoscope).  At  the  papilla  alone, 
minute  communications  exist  between  the  retinal  and  the  ciliary  vessels 
(see  page  368).  The  retinal  arteries  are  hence  to  be  regarded  as  ter- 
minal arteries  (Cohnheim).  Consequently,  disturbances  of  circulation 
in  the  retina,  arising  from  contraction  or  plugging  of  a  vessel,  can  not 
be  compensated  for  by  means  of  a  collateral  circulation. 
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Within  the  retina,  the  vessels  Ite  only  in  the  inner  layers,  so  that 
be  external  iuyers  of  the  retina  are  non-vas{>ular,  und  are  heni-e  in  ijart 
g|3enilent  lür~their  nutrition  uptin^  the  neiuhbormg  chorio-c;tinllaris. 
his  IS  eispeciaüy  true  of  the  fmya  centnüis,  tlie  cerUral  pnrt  nf  whirh 


itl,  whili 


the  otiier  haiül,  thc^ 


CO n tamü?  no  vejjset'?  , 

work  of  the  chQno-eapillari?>  in  here  yartleuhirly  dgpse. 

Function  of  the  Retina,— The  objects  uf  the  outer  world  throw  their 
liiges  upon  ^he  retina.     It  is  the  function  of  the  latter  to  convert  the 


^Bays  of  li^ht,  of  wlii^'h  the  inniges  are  compo«ed,  into  nervous  stimuli, 
^^fV*hat  takes  place,  accordingly,  is  a  transfornvation  of  one  sort  of  motion 
— the  vibrations  of  the  lunnnnus  ether^into  another,  namely,  nervous 
excitation.     This  is  without  doubt  simply  another  sort  of  motion  of 
such  a  nature  as  to  be  transmissible  within  the  nerve  lii>ens  to  the  brain, 
a  projwrty  which  is  not  possessed   by  the  vibrations  of  the  lundnous 
ether.    The  place  in  which  the  conversion  of  luminous  vibrations  into 
nerve  excitation  occurs  is  the  rods  and  cones.     In  what  w^ay  this  con- 
version takes  place  is  not  known,  but  we  do  know  that  a  part  of  the 
vis  viva,  which  the  luminous  vibrations  re]>resent,  is  used  up  in  the  pro- 
duction of  chemical  and  physical  clianges,  which  we  are  alile  to  follow, 
^^he  chemical  changes  consist  in  the  transformation  of  the  visual  pur- 
^Bie,  contained  in  the  rods  and  wdiich  w^as  discovered  by  Boll,  into  a 
^^olorless  sul3stance  by  the  action  of  light  (Kühne).     It  is  very  probable 
that   besides  the  visual   purple  still   other  **  visual  sutetances '^ — i.   e,, 
j      substances   whicli   undergo   eben  deal    changes    under   the   influence   of 
I      light — exist  in  the  retina,  but  that  such  changes  are  not  accompanied 
by  alterations  of  color,  and  have  accordingly  thus  far  escaped  discovery. 
The  physical  changes   partly   consist  in  variatinns  in  the  strength   of 
the  electric  current  that  nnrnudly  passes  from  the  retina  to  the  brain 
(Holmgren),  partly  are  motile  phenomena  of  a  Idas  subtle  sort,  which 
^^^e  perceive  l>oth  in  the  cells  of  the  pigment  epithelium  and  in  the  rods 
^Bnd  cones.     In  the  cells  of  the  pigment  epithelium,  the  pigment  gran- 
^ules,  w^hen  the  eye  is  in  the  dark — that  is,  in  a  condition  of  rest — lie  in 

«he  most  posterior  part  of  the  cell  close  to  the  nucleus;  but  if  light  im* 
inges  upon  the  retina»  these  granules  push  their  way  forward  into  the 
ilia-like  processes  w^hich  extend  betw^een  the  rods  and  cones.  In  the 
I  rods  and  cones  themselves,  a  process  of  contraction  combined  with 
^■liortemng  takes  place  under  the  influence  of  light, 

^H  I.  Inflammation  of  the  Retina. 

^^  96-  The  retina  is  often  the  seat  of  disturbances  of  circulation,  such 
as  ansemia  and  hypera*mia,  which    latter  frequently  give  rise  to  hemor- 

I     rhages  into  it.    The  most  extreme  degrees  of  disturbance  of  circulation 

I     occurs  in  consequence  of  blocking  of  the  central  vessels. 

I  In  flam  mat  ion  oj  th*\jTtif^ft  (retinitis)  is  characterized  first  of  all  by 

a  diffused  clmidiness  of  tlie  ygan.  The  cloudiness  varies  very  greatly 
in  intensity,  although  in  gerieral  it  is  greatest  in  the  vicinity  of  the  pa- 
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pilia,  because  here  the  rctinu  i>s  thickes t .  Co n?^equentl\%  the  outlmffg 
of  the  Papilla  beeonie  iridistnict  aiul  the  vqäsels  in  the  retina  h^izv.  Lu 
ft ddition,  eircmuscnijeil  exu» lutes  oiuur  rti  thi-  rptrria.  u.sually  under  tht 
form  of  l>riHiant -white,  .sh^nplv  defined  piitriie^.  Retijiitis  is  alwaM 
a88oeiated  with  In  i>eneniia  i>f  the  retina,  evideneed  l)y  distention  andj 
tortuosity  of  Ww  yvshjAT]  and  often  al^sohy  extravasations  of  blomL 
Owinif  to  the  j:)  ass  age  of  the  exudatc"Trom  the  retina  into  the  vitreous, 
opacities  of  the  vitreous  are  produced. 


FlQ,    248.^RimNtTI»    Ax^BÜMlKtTRlCA. 


lilhi.   wliere  it  rxliibit^  » 


Tlie  dcmdiiiK  of  the  retioa  is  most  pmuouiiopil  in  the  rt^mn  nt  tin- 
fiiii?  radial  Mtriatioit.  and  completely  veil^  thf  Triar^iri  of  I  ho  ii«*rvf'.  i  > 
distance  from  the  papilla,  the  pelinal  cloiictinjf  covers  isoliiti?(J  por^ 
llie  iJi!<len(iwl  veins,  with  a  delicat«*  Iiajm»,  so  that  the  v*'4<!*els  in  lin- 
ing the  papilla  are  found  roumlecJ,  hrtlliantly  widte  riputm  of  exujikJiuu  aiisi  uuuuruujs  Ua^k-redl,  j 
riidially  ^Irnitf;  tuiinorrhaee«.  The  latter  lie  nminly  in  the  ot^j^hlHjrhor^l  t>f  the  l^rifer  retinal  vwidbl^] 
and  in  part  ottxer  ihem,  Fi^am  thi»  fact  aail  frofn  their  Ptriarv  »pppiirauce,  it  i  hu  h»  infi'rrii?»^  ihill 
they  bcfonn  to  the  fnu«i  anterior  layer  of  the  retina — thi?  «en'e-filH'r  layer.  In  ' 
ula  lutea  i*i  a«en  a  group  of  .«»mail  white  ?<pf^kfi,  whicli  c<»mhine  Ut  f4jrm  fhe  sftfl 
tic  of  retinitifl  albiittuniirtc».  In  the  present  ease  thi»  is  not  very  regularly  ftwi 
jK»mewhai  larger  spot,  produced  by  tlie  conlnAccnce  of  M>vcral  ^naal]  dot*. 


The  function  of  tlie  retina  is  impaired  in  proportion  to  the  intensitj 
and  extent  of  the  infiatnnuition.     In  the  lightest  causes   vision   may  h 
normaL  so  that  the  patients  complain  simply  of  the  prei?ence  of  a  light- 
colored  cloud  Ijefore  their  eyes.     But  for  tlie  most  part  vision  is  vervj 
considerably  reduced,  both  because  of  the  changes  in  the  retina  itselC 
and  because  of  the  accompanying  opacities  in  the  vitreous.     Circum- 
scribed exudate.s  cause  fixed  scotomata  in  the  field  of  vision.     [Retinitia] 
affecting  the  region  f>f  the  macula  lutea  is  marked  by  a  central  scotoniiil 
and   by    retinal   metamorphopsia    (micropsia,    nmcropsia — see    page  114^ 
and  cf.  page  437).— D.] 
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Tlu*  eourso  of  t\n*  retinitis  i^  always  nrottv  slytyi^ish.  Only  in  the 
lightest  cases  dovn  tlie  iriflaniinatiori  abatf-  cumpletely  in  a  few  weeks, 
and  then  the  sight  may  again  become  perfeetly  normal.  But  for  the 
most  part  it  takes  several  months  for  all  inHaminatory  ^JMnptoins  to 
d i sapjjtar  from  the  retina  and  tlie  si|;ht  reniaiiis  piTmaneritlv  impaire<! . 
Severe  anJ»  mof^  |IJtrtl('lj!ilrly^  n^eurrent  inüarnrnatioiis  of  the  retina  lead 
to  atrophy  of  it,  iiigmentaiion  frecpiently  oeeurring  at  the  same  time 
(through  mif^ation  of  pigment  from  the  pigment  epitlielium).  When 
atrophy  of  the  retina  has  once  self  in  the  sight  is  always  abolished,  either 
eoniplete  or  all  but  a  remnant,  and  cannot  lie  restored. 

In  the  etiology  of  retinitis,  general  afTections  play  the  eliief  part. 
Retinitis  appears  but  rarely  a^  a  local  lesion,  e.  g,,  when  diie  to  dazzling; 
in  most  cases  it  Is  simply  the  symptom  of  an  internabor  general  disea.stv 
to  the  discovery  of  which  we  are  often  led  just^liy  finding  the  retinitis. 
Among  such  general  diseases  an*.^  above  all^  altnnninuria,  diabete.s,  leuecC- 
nii a ,  s>T>hi[is,  uratic  gout,  and  diseases  cjf  the  vas^oKIr  systen i .  In  su<^t  1 1 
eases,  in  which  a  general  disease  underlic-s  tlie  retinitis,  the  latter  is 
usuallv  T>i lateral ■ 

The  treatment  must  Im>  direeted  l>oth  againift  tlie  causal  lesion  and 
against  the  local  atfection  of  the  retina.  The  first  inclication  is  most 
reatlil}'  fulfilled  in  cases  of  syphilitic  retinitis,  where  energetit^  mercurial 
treatment  in  most  cases  results  in  rapid  improvement.  In  albuminuric 
retinitis  due  to  pregnancy  artificial  interruption  of  pregnancy  may  be 
considered.  The  symptomatic  treatment  consists  in  fully  safeguarding 
the  eye  !>y  forbidtling  all  work  and  by  protecting  the  eye  from  glaring 
light,  either  by  meaiiH  of  dark  glasses  or  in  severe  cases  by  confinement 
in  a  darkened  room.  To  combat  the  infiannnation,  and  also  to  cause 
resorption  of  the  exudate  and  restoration  of  the  transfKirency  of  the 
vitreous,  mercury,  potassium  iodide  (both  remedies  being  used  in  non- 
syphilitic  a^  well  as  in  syphilitic  cases),  saÜne  purgatives,  diaphoretic 
treatment,  and  subconjunctival  injeetions  of  salt  are  employed. 

Before  we  go  more  minutely  into  the  subject  of  |)iithological  changi's  iri  the  rctiTui, 
we  must  acquaint  oui-selves  with  a  t'ODgeiiital  [early  acquiredl  anomaly  which  by  tjTOH 
h  frequently  considerrd  patlitihigit  al.  This  is  the  Drt-^tnce  of  nutifdhtUd  »it?v  ßh^rj,  in 
tho  fitiPT  ^lyt'r^  of  thf^  rt>Hn?i  Ttie  noniKil  f^lina  irf  perfectly  tnuiwrjart^nt,  bi'caiLse  the 
op t ir-nerve  fiber<  lose  their  medulla  bcfnte  triVrr^itm  the  tiiioiria  cril>n>Ha,  am}  heiit^e 
w  h  en  insule  or  llw  Tvtmii  it  seit  are  [r:uis[iaivrii  :  I>n1  in  i'xef|t(  RTmil  am^Ti  lüivt  travi'^^n  g, 
i  tie  lamma  en  Prosa  ihiy  re^^th  nuir  rn<  <iul]I^  for  mtm'  in~ies,s  i>i  men'  f  xietTT  [In  nr^iny 
ajiiriiSB^^y^rr'TTr'ffBJRits— thl^  is  tlio  mle.l  Rinre  tin-  sonhillate«!  tit>ers  tin-  i>|jaqae, 
tliflli'%  ^WWtMtt  lllfWI'  jlUi^^s  a  bnlluint-wliite  sj>ot  adjoining  the  edge  of  the  papilla 
and  .-jplitting  at  itH  peni)her>^  into  wliite  fibers,  ;*o  xm  to  have  a  flanie-hke  look,  Sueh 
9l»ot,s  are  found  most  often  at  the  ujiper  and  lower  borders  of  the  papilla  (Fig,  2111),  but 
may  surroyDd  tlic  papilla  completely^  in  which  cii^se  the  latter,  by  eonlrust,  appears  of 
a  strikifigly  dark  red.  In  rare  cases  white  spotJSj  forruHl  of  mttiullate«!  fibers,  lie  within 
th«'  papilla  itself  or  conversely  far  from  it  in  the  transparent  retina.  The  retinal  ven- 
jM'L^  are  in  plaee;^  covered  hy  the  ma^se?^  o(  white  fibers.    The  vision  of  mich  eyes  is  oTIeu 


Cm^^<. 


rethieed,  and  Markitte^s  l:»hntt  Hpol  en[ar^e(l7 

A»  regarcis  hyptrtpmiti  of  the  retina,  w arninf^  nni.Ht  be  i^ven  of  the  mijitake  into 
which  bepnnerR  often  fall,  of  considering  a  very  vividly  tf^i  eyegrouad  t%3  hypern»mic. 
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Thi'  aggrogatc  tint  of  the  cyegroimd,  however,  depends  on  iti<  pigment  eoutt^n' 
background  of  slightly  pigmentcil  eyes  is  always  mueh  redder  thiin  that  of  the 
mcnted  ones.  Moreover,  gre^t  dilütulion  of  t  he  ret  inal  vosj^^Ih  \s  in  itself  no  ct  i ,  .^ 
of  hypeneniia  of  ttie  retina,  for  it  often  oceurs  physiologically,  esjieeiaUy  in  the  yo 
Exeeptionally,  too,  eases  of  very  tnark*xl  tortuosity  of  the  retinal  vessels  occur  in  health 
eyes.  But  in  all  these  cases  the  condition  of  the  rt^tinal  vessels  in  the  two  eyes  is  alii 
Dilatation  and  tortiio^^ity  of  the  retinal  vqsspIs.  therefore.  n\n  hv  regar<ied  ag  certain 
pat  holopeat  only  iLumlate.nilor  it  Vonhnv<l  to  i-ertujn  <li>Trh  (4  ^T  The  luiulib<,  >ir  1/ tTT^i 
is  a  fainj^ioiidirie*^^  of  th(  rn-titia  m-ir  ttie  paiHllii.  irulRatniK  pt'^meation  vvUh  stTua " 

emm%inK??iorrhi:j4!:rs  rjiu  nr  iiuulc  unt. 

of  the  retina  may  Ix-  eittu-r  armJld  or  vj^nous.     The  fomier  \ii^*-'vv- 
panies  all  inHanouattons  <>f  tlio  retina  and  the  neighboring  tissues,  particularly  ihr  1 
and  Va  cliaracterizecj  oy  a  prououiieea  distention  and  tortuosity  of  the  artexietf.    W  li^j.** 


or.  ancT 


niorr 
llyperii  iiiUL  0I 


Flu.  249. — Mldlli^ated  Nebvk  Finots,    (After  Ja^er.) 

The  papilla  dhovtm  in  it«  crtitL^'r  a  whitisli  oolnratjon,  reprsiwntin«;  ihe  pli>'fnio1o«cat  excavmtton. 
The  IrempcjraJ  bordrr  uf  it»*  papilla  i»  i*«iTOUinte<l  tjy  an  irre^uiar  clioriuidal  rt«K,  whil«  the  upper  »ml 
lower  borden*  urp  ctHicH»nli»tl  by  the  wliite  fihiraim  masi^^  tliat  arTse  frotn  them.  Tliese  in  pliioa»  cov^ 
the  rt<lttial  vv.^sel».  an« I  «»iperiali3'  liie  two  arterie?*  runninjr  ciutwan:!  and  dotmwajd.  At  ihfeirprripb' 
cral  bonier«  the  white  iiuk^es»  break  up  into  fih«rB. 


i 


hjjjgnujjia  manifests  it-self  by  dilatation  and  f^reat  tortiioj^it v  of  the  vi^ina^  whtl^ 
artenea  are  orhn  tliintirr  ttijin  usu^tL     It  is  produrrd  nu^^t  nftrn  [»y  plnginmr  nf 
veins' I  ä^'  niF<Aliill^t-J!>,  (»age  .hvii  m  \  >y  1 1  j  eJr  cfiiojiressit  >n .    Th*  •  c  <  )nii«rrKsinn  i>i  nio^' 
loTaytHl  in  th<-'  pa|)illa,  a»  in  ghmronia'  WfU'f't'  \\\i*  inen^aSed  intra-ocular  tension  squr^'i 
the  veins  down  iM'o  the  excavated  7>a}Hlla,  or  m  optic  neuritis,  in  which  the  ^v^rlltng  o 
the  iiflT>illa  cortipresaes  the  vdns.    In  orbital  tüTnors  it  is  Hie  trunk  of  tiie  optic  ^/^p^H 
that  is  conipn'ssed>     VemmsTypentMnia  also  oeiiirb  immx  symptom  of  a  general  v^nouM 
congestion,  particuLirly  in  lu^tut  rli^nse. 

AfKFmia  of  the  rrMina  may  hv  of  sudden  or  gradual  development.     The  fomicf 
may  follow  occlusion  or  compression  of  the  arterial  vessels,  as  occurs  in  suddeli  inereai^ 
of  tension.     Spasm  of  the  n;^tinat  arteries  also  occur?,  particularly  in  acute  quinine^ 
poisoning  (§  104).    Much  more  frequenl  than  acute  anaemia  of  the  retina  is  thai  fori 
which  sets  in  gradually  in  con.sequenee  of  retinal  atrophy.     The  retinal  vessels  the 
either  become  simply  attenuate«!  (Fig.  257)  or  surroundefl  by  white  bands,  the  result  ( 
thickening  of  the  vessel  walls,  the  blood  column  bt»ing  simultaneously  narrowed 
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^9a»eulitU  rHina-),  [See  C  iirid  D,  Fig.  256  A,  a!id  B  and  F,  Fir.  2.56  B.]  intimately 
fhe  ve«fe?eli*  may  vuniah  altxigcthcr  from  the  retina  or  be  Iransformetl  into  wbite  blood- 
leas  stmnds. 

Hypera^tnia  of  the  retina  i^mln  to  the  production  of  hefn&rrhageJi  in  the  latter.  Ex- 
travasations of  blmid  into  the  retina  are  often  iolind  on  exammation  antJ  occur  in  all 
aoits  of  sues  and  shapes.  They  form  dark-red  patehes  contrast mR  with  the  brighter 
red  of  the  fundus.  If  in  ihr  fit>rr  l;i>er  of  the  rf*tin:t  they  have  striate  or  flame-Jike 
ahape^,  because  the  oxude^rbTurMl  H|>n  :ida  alonjg  the  fibers  (Fi)gs.  24S  an* I  254 1.  Hemor- 
rTJagS  in  the  deeper  layers  <>T  ttti-  ntina  or  betwe<^n  it  "and  the  ehf>ri«>id  are  of  rfunideti 
or  irregular^hape  (F]g.  J5:j).     in  the  region  <jf  the  macula  large  disk-^^haiH'd  LKtruvasa- 


FiG.  230. — Pheretinal  lb   i    ;    ;   ,    i, 

ThU  rcprwieintji  the  right  e>p  nf  mi  ««Idprlv  woman.  The  eye.  in  consntia&ce  with  if«  myopia. 
I  If  hrcmd  white  rr^Acent  at  the  Uiiiporal  border  of  its  papilla-  »nd  th?  latter  aJuo  ha*  a  pnetty 
pl^....  I  ,,,.<.(  .-1,  at  ion.  TUe  rotiatd  artcrie»  ar<»  very  tortuous  the  veiji*  nQriuaK  The  uiiddle 
|ti  i  by  a  larK»?  hcruorrba«©.  covering  the  reumu  of  tbt»  macula  hilea,  ajid  rxt€tid- 

>»  -^upt^rior  Itimportkl  vtniwU,  which  are  parljjilly  eonecaled  by  it.   The  lower  part 

lit  ill.,, ,  n-t^.  1-  lark  retl.  and  ia  t^parated  by  a  ^hnrp  horijionial  linr  from  the  upper,  pa]e-rc<d 
portion,  i  hxi*  tiivijuon  into  two  part»  is  caumhI  by  the  Hcitli»»  of  iht*  blocwl  corpui^'le*  to  the  bottom 
of  the  «till  fluid  blootJ.     In  the  vidnity  of  the  larjce  hpruorrhnfte.  e«>peeially  at    it*   upper  and   inner 

b""  '■ '^-    ' r..,,.    'Tirdl  «ptit*  of  blood.    These  exfWid  «p  to  und  upon  ihe  whit<?  cre<scent  adjoining 

tf  Ut  the  superior  temporal  vos>**]i*.     From  the^e  vei*«4?ls  is  derive<l  the  extrava- 

*•>  '  breaking  ihrotuih  tlie  limitan!^  interna  yf  the  n^tina,  getM  l^etween  the  latter 

aiiij  , ,,.    ."..   .,.  ,  * ■  -aikp  down  to  the  resion  of  the  macula  kiten.  where  even  in  the  normal  eye  the 

«oaoevnon  between  the  retina  and  the  vitreous  i»  the  lea^t. 


itTietim''s  of'<  iir,  BituattHt  not  in  the  retina 
lilt  Hi  1  he  morri  Kige  j  ( Fig" 


but  btnween  it  ami  the  vitreotig  (Qfil^ 
liie  retutartL'^ue  tt^en  Fs  not  injured  by 


jr  suhttyalnKi  htmorrlKigeJ  (Jt-ig,  '^fAV)  ^  _. 

the  btinorrhiige,  so  that  aH  er  "resorption  of  tltc  blood  vision  becomes  normal  again. 

The  extraviksationü  are  mot*t  frtHjuently  located  in  the  neighborhood  of  the  larger 
vaseulfM*  trunk;«.    The  causes  t>f  retin:d  hemorrhages  arc — 

1.  General  fragihty  of  the  vessel  walls.  This  is  found  very  often  in  old  people 
with  atlK/njnmtouH^^jg|eL'^,  particularly  if  I  hey  have  a  heart  letdon^  too.  In  such  cases 
retinal  heinoniiatic^s  are  often  the  tiiccursors  of  eeretiral  arxjplejcy.    [See  page  546.] 

2.  Local  di:^c:i,sf/ of  the  Retinal  vessels  or  of  the  adjacent  vessels  of  the  ehorioid. 
Uoder  this  head  limst  be  reekoiied  thone  hemorrhages  which  oecur  so  frequently  in 
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excessively  myopic  eyes  in  the  region  of  the  yellow  spot, 
a  hemoirnage  ceniraf  vision  is  often  permanently  destroye 


With  the  occurrence  of  sudi 

stroyed. 

3.  Over-distention  of  the  blood-vessels  by  circulatory  disturbances,  such  as  active 
and  passive  hypersemia  of  the  retina  and  occlusion  of  the  central  artery  and  vein  or 
their  branches.  In  new-bom  infants  retinal  hemorrhages  are  often  found  as  a  result 
of  the  disturbances  of  circulation  occurring  within  a  child's  skull  during  birth.  Many 
cases  of  so-called  congenital  amblyopia  (§  105)  may  possibly  be  thus  explained;  i.e., 
the  extravasated  blood  is  absorbed  and  leaves  no  trace,  but  the  lacerated  retinal  tissue 
never  again  becomes  entirely  normal.  The  retinal  hemorrhages  which  very  often  occur 
in  fljlmin<^pin.^^na  pjTft«  <m  a  result^onridectog^v  are  the  rSiiftof  suddta,  reduction  of  the 
inti^lcijLjj^ension,  so  that  an  unwonted  amount  of  blood  pouM  lAio  the  retinal  v»- 
sels  and  distends  them  imduly.  Moreover,  the  retinal  hemorrhages  adduced  under  the 
next  head  may  in  part  be  caused  by  blocking  of  the  smaller  vessels— e.  g.,  the  hemorrhages 
in  sepsis  by  emboli. composed  of  masses  of  fungi. 

4.  Alternd  mmn^gjijinn  f|f  flip  bloods  flffecting  ^he  vessel  walls.  Here  belong 
retinal  hemorrhages  in  extreme  anffimia.  particularlv  pemicinm^  ^tupi^ih.  in  leucaemia, 
scur^v.  purmjra,  sepsis,  alfi^^BSfflJ*  diabgjes,  oxgjyj^,  intermittent  ^ever.  relating 


fevgj^  jajmjpce,  phosphorus  poisoning,  extensive  bums  of  the  skin,  etc, 

S.TTupture  of  ike  olood-vessels  due  to  trauma. 

Retinal  hemorrhages  absorb  very  slowly,  requiring  for  this  weeks  and  months, 
during  which  they  are  often  seen  to  taie  on  a  white  color  (Fig.  252).  They  ultimately 
disappear,  leaving  no  trace  of  their  presence  or  decolorized  whitish,  rarely  pigmented, 
spots  in  the  fundus.  Wliether  a  scotoma  is  left  at  the  affected  spot  or  not  depends  on 
the  degree  to  which  the  hemorrhage  has  lacerated  the  reünaL^issue. 

[Conditions  of  arteriosclerosis  and  high  vascular  tension  are  often  accompanied 
by  visible  changes  in  the  retinal  vesseb.  As  summarized  by  De  Schweinitz  these  consist 
of:  (1)  Corkscrew  appeat'ancc  of  arterial  twigs,  while  the  arteries  from  which  they  spring 
may  be  normal.  (2)  Flattening  of  veins,  where  crossed  by  arteries.  Later  on,  this  flat- 
tening becomes  an  indentation  and  the  veins  beyond  the  point  of  compression  become 
ampullifonn.  (3)  A  dull  red  congestion  or  actual  oedema  of  the  optic  disk.  (4)  In  the 
later  stages  the  formation  of  white  streaks  along  arteries  and  veins  (perivasculitis)  and 
hemorrhages.  These  changes  (see  Fig.  256  A)  are  important  because  of  their  effect  on 
the  sight,  because  of  their  possible  influence  in  producing  glaucoma  and  other  morbid 
states,  and  particularly  because  they  form  a  frequent  and  early  sign  of  general  arte- 
riosclerosis, especially  of  the  brain  and  kidney.  Ocular  arteriosclerosis  may  be  associ- 
ated with  persistent  asthenopia  which  is  relieved  only  by  general  treatment  (De 
Schweinitz) . — D.] 

Embolism  of  the  central  ^rteru  was  first  observed  by  Von  Graefe.  The  patig[^^ 
made  aware  of  tiis  djsnrder  bv  sudden  and  comokkLUiodttS^»  which  appears  at  qyce 
upon  the  obliteration  of  the  artery.  If  immediately  afterward  an  examination  is  made 
with  TTiff  ophthdlftifccbpe,  the  signs  of  an  extreme  arterial  anaemia  of  the  retina  are  found 
(Fig.  251)  [Fig.  256  B,  A  and  B].  Tho^rger  arteries  are  narrowed  down  to  thin  fila- 
ments, the  smaller  ones  become  invisible.  The  veins,  on  the  other  hand,  are  not  mark- 
edly contracted  except  upon  the  papilla  itself;  the  latter  appears  paler.  Within  a  short 
time,  often  within  a  few  hours,  the  retina,  as  it  dies,  loses  its  transparency.  It  becomes 
of  an  opaque  milky  white,  most  markedly  so  in  the  vicinity  of  the  papilla  and  of  the 
fovea  centralis.  Owing  to  this  opacity  the  outlines  of  the  papilla  are  obscured,  and, 
on  the  other  hand,  fine  ramifications  of  the  retinal  vessels,  such  as  ordinarily  are  not 
visible  with  the  ophthalmoscope,  come  into  view  in  the  vicinity  of  the  fovea,  where 
they  stand  out  with  great  distinctness  upon  the  white  background. 

At  the  center  of  the  fovea  a  vivid  red  spot  stands  out  on  the  cloudy  white  haxk- 
groundt  because  tJie  inner  layers  of  the  retina  and  hence  also  iJie  retinal  cloudmees  are 
BSRRfig  at  this  spot,  and  consequently  the  fundus  appears  of  its  normal  red  color,  which 
looks  even  more  pronounced  from  contrast  with  the  turbid  white  area  surrounding  it. 
In  this  region  also  small  retinal  hemorrhages  sometimes  occur. 

After  some  days  the  retinal  vessels  fill  up  again.  Then  a  peculiar  phenomenon 
18  sometimes  observed.    In  some  sets  of  the  vessels  (particularly  the  veins)  the  blood 
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column  appears  to  be  broken  up  into  short  sections  separaitefl  by  clear  interspaces, 
and  the  whole  column  makes  jerking  niovementH,  sometimes  in  the  sen«e  of  the  nor- 
mal blood  current,  sometimes  in  the  reverse  direction.  In  t he  coiu'se  of  the  followji] 
weeks  thq  rlAiidinftup  of  thf>  n^^Äna.  vaniHln>a-    the  retina  rggü^na  iia  Ijar^gp^^ncv.  but 

now   white   Jtnd    sharply 


beconaea  perfectly  fttir^P^^^-     The  ot>tic^f^Dilta  is  now 


,ed. 


the  hRirtH-j^;^aft)AJx)th  upon  the  papilla  an  J  in  the  retina  are  scanty.  thin>  filamentous, 
and  okeo  horde re<l  by  whhe  lines;  many  of  the  finer  vascular  twigs  borome  completely 
invisible.     The  blindneäs  persists  and  is  pernmrient. 

Instead  of  affocling  Urn  central  artery,  the  embolism  may  affect  only  a  branch 
of  it.    In  that  caae  f  lie  visible  alterations  are  limited  to  that  fjt>rtion  of  the  retina  which 


Flo.    251. — EllHOLlSM    OF   TKK    CENTRAL    AhTERY,    DEVELOPlNÖ    EUiHT    DaT»    PREVIOUB  TO    THB    DaTH 
OF  OlM»KHVATlON    IN    A    WoMAN    ArFCCTED    WITH    AOHTIC    ANEtrRlÄM. 

Tht)  whitish  ha<e  over  the  rptin»  obscure«  the  outline«  of  tlii*  pupillti  ami  the  initial  portiotk»  of  the 
v«!iP4>t.i  arisintz  from  it,  Tlic  ftrlerie^  are  already  better  filltMl  ttian  liioy  wrrf-,  aliiiiiUKh  they  si  ill  ar© 
bplow  thn  Tjnrmnl  in  thi»  respect-  The  veins  have  a  very  uneven  mlitH^r,  tlie  liiHer  in  generaJ  increa»- 
tf  lit'  periphery.     In  the  lam»  veinx.  running  ujjward  uml  outward  a««!  downward  atid  out- 

>^  kJ  eohmiri  i»  seen  to  l>e  broken  up  into  short  »eparate  necfioris.     Th«  vieinity  of  the  fovea 

e«  »verecil  with  a  dense  whiiif*h  haze,  upon  t^^Cih  tne  finest  rarnificaf  ion»  of  the  vcam+Im  atand 

out  Hi nrutiv,  althoiif^h  lfi<»  connection  between  them  and  tho  main  ve«w*l«  i«  in  plaoc«  con<>eale«l  by 
th*  haxe,  Th»»  mid  p»>int  of  the  fovea  centralis  is  occiipietf  hv  a  *pol  whioh  ia  dark  red  with  a  light 
center,  and  whieh  repre«i«fntH  ihft  ehorioid  «ihowiiig  thrfHigh  the  hase, 

draws  it»  blood  supply  from  the  obliterated  vesseL  llie  l>liudnp8R,  tt^^^^rresponds 
then  simply  to  the  part  of  the  retina  that  is  diBeosed — that  is,  apjxmra  iMRr  the  form 
of  a  defect  in  the  visual  field,  ono  half  of  tbo  latter  or  a  sector  of  it  being  destroyed. 
Moreover,  even  in  emlxjljsm  of  the  ^entnii  artery  itaelf  a  wnuül  portion  of  thtj  retina 
mfly  rotAirt  it^unrhrinallx>wor.  1  his  is  Xhe  casQ  vvhori  fllKHrefinai  veH^ic^l^  lfftffl__ihe 
vascular  ein  If  ni  Zmn  are  distribijjed  to  the  relTna^(?i?e  pfvgo  5<5S1/  In  opbtluilmo- 
«copic  exam  mil  t  J  on  such  vc*ä<spis^  t^an  i>o  rrjcognized  from  the  way  in  whirh  they  are 
seen  to  arise,  which  Ib  by  a  hook-shaped  extremity  from  tlie  border  of  the  papula  (Fig, 
156),  Thcüe  vos>;n|s  which  recoivo  f  Ik^jf  IiIcmkI  from  the  short  pr^sterior  cüiury  arti^^rios. 
are  of  Cf i urst *  i ] n "fTT-t - 1 ed  by  end>nijWi  <tt  Hto  T?777T:d  arMry.  ancriii^in.c  tiie  rc^ioti  of  the 
retina^that  »>  MipphtM  by  tliem,  atul  wliich  Li^?^  l>eu\|cen  ttte  papl Qä  ami  macula,  reT^na 
IJB  iunrtinnai   power,     t^'^^  t^JM?»  2543  Fi,  tJ.j  '  ~' 
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Emlxjliam  occurs  in  all  those  diöordens  whicli  give  rise  to  llio  eni ranee  of 
ill  to  the  d  re  libit  ion,  and  a  hove  all  in  ufe-tion»  of  the  heart.    The  poejfiibiliiy  of  a  < 
«xists  only  in  very  recent  cases,  tefore  the  death  of  the  retina  ha^  taken  place, 
relitia  might  then  regain  its  function  if  we  could  succeed  in  re*»ioniig  the  ctrcuXatig 
in  it.     The  only  way  in  which  thia  can  Ije  acconiplishe<l  is  fer  ils  Io  try*  to  drive  till 
plug  Ifxlged  in  the  ^*^^^|1  uruyrv  pj|  int.t  itü  smaller  h randlos   where  it  will  doTesü  liarnu' 
W  i  in  MiLH  nhject  in  view,  we  draw  off  the  aaueuiLs   ly  para  rent  es  is  of  the  cornea.    I  n 
consequents  of  ilie  sudden  dtminntlon   of    intra Hxiiliir    teti8ion    tliuä    produce«!;  the 
'l>lof)d  tends  to  flow  into  the  eye  in  increa.tjod  quantity,  and  may  thiis  push  the  emboltü^l 
.  .^.   .-1  .1..  e.._i  *„  ?.    ^     -.»  jj^  udcHtien,  we  try  to  favor  t^^| 


forward  if  it  is  not  too  tightly  fixed  in  its  position, 
^'ashing  away  of  the  embolus  by  maasa^ini^  {he  eye  [sec  page  56]. 


In  Urn  wav  it  htf 


j§f*-si^ 


Fio.  352.— TintOMBo««rF$  of  the  Central  Vein,     Prk«ent  for  FouRTKrK  Days  ix  a  Mas?  WittT** 

TWO  Yeaiib  op  Aqe; 

The  outliri«»!*  of  the  papilln  are  cotic<*Alwl  parlliy  by  a  (fray  striate  opacity.  part]|F  by  radially  dtf£« 

tlie  reiinal  vriiis  are  nnuati^iy  broad  i 


pused   liomorrliaKe^.     The  reOnal  art«»riif*>  urc*  iitlpriimic>i 

tortuoun,  and  ore  üJli*d  with  b3acki!»h  bl*KHL     Iti  riittfiy  place«  tjie  ve»**!»  ar^  tMiverod  by  extras 

tiotti  of  bltHKl,  Äüd  hence  appenr  intefniptwl.     The  hcmorrha^eö»  are  extremely  nuiiierou»»  nave 

reni.  almoat  black,  color,  ana  are  either  ratiinlely  striate  or  irregularly  rounfiwi  in  .*hnpe.     A  fe' 

hemorrhaAes»   have  taken  on  a  brilliftiit-wlkite  hue  in  their j-enter.     Thi?'  i-*  particularly  viüihl#rJ 

lain«  patehe»  of  blood  Ij-in«  out^^^lde  of  the  maciila  Ititea, 

bemorrhase«,  Is  chiuded  and  grayinti. 


The  retina,  wherever  it  i>  not 


heen  possible  to  rei^tore  the  circulation  in  the  retina,  and  with  it  the  sight  in  mm 
iew  cases,  in  which  th(»  le.sinn  waK  still  vc»ry  recent. 

What,  i^cnown  clinically  under  the  name  of  eml]M>lism  of  the  rtHinal  arteries  co^ 
responds  l^^ft>8e  cumc^  in  wliich  there  are  no  infected  enibctli  in  quest  ion;    hence, 
inflanimatSBRcmrs,  but  only  (he  re^siilts  of  the  rnechanical  cutting  off  i»f  the  bio 
supply,     rhe  retina^  i>^i^S  no  li>nger  nouri.slicd,  frtimpty  dies.     It  dix^>  ntU  indeed  lieconiii 
necrotic,  because"  it   .still   nbktii^s  ;r--n|>p!y  of  nominnnicnt    froTTi   rln^"i<!j.M^'n»    cliune 
capillans  of  HTe  cliont)!«!. 
retina.     Itiit  inftH'tion 


_  -'U>riL 

altliouirti  Ulis  <h?! 

it 


not  HutfK-e  to  nljiintiti 


\  1 


us  siinielun*^  nai 


^t^mboli  also  may  u;q{  into  t he« n* final  artone^,  its  siinielun*^  tiap 
pens  m  jiyiemia.     Ilien  a  siippurnlive  retinitis  <lcrelopti,  the  i^iippuratinn  from  wbi( 
fioon  extends  to  the  other  Btmctdh^si  ot  ihe  eV^I>'^lC5^  ^^at  the  clinical  picture  of  pan- 
ophtlialmitis  is  produced  (metastaUc  ophlhalniia:  see  page«  K^  and  405). 

The  ophthalma^copic  picture  of  tniooli-sm   is  the  ext)rej*»ion  of  changes  whid 
«et  in  when  the  supply  of  arterial  bhxHllii  cut  oil  from  the  retina.    It  is  heDce  not  coo 


InibolLsm   IS  the  ext)rej*»ion  of  changes  which^l 


fnied  to  embolism  of  the  central  arter>',  but  is  found  in  orclusion  yf  i»  in  goturfiL  ilue- 
to  other  caiia*«!»  fi8  well.  8uch  orcluj^ion  may  be  prodiK-e<T  by  en  tin  r^g^  is  by  throm- 
bosis of  the  artery,  antl  possibly  also  by  spa-stn  of  it,  m  i'ixse  il  bists  long  enougf^ur- 
l herrnorr',  alsi>  rümT)res,^ion  of  the  artery  \yithin  the  trunk  of  the  optic  nerve  eontM.^q*ient 
upon  hiiniprrlui^r  or  uinauimntfvry  inhltnttun)  m  tne  RUier;  anrl,  Anally,  a  sofuf  ioit<>f  .  j" 
the  «■onrlnuiTy  ofThe  artery  ofeurring  u  Iten  Uir  nptir  gerv^e  is  cut  or  torn  [hroucjrin  "*  •**^^'(i 
front  of  tlie  ix>inTw]ie7e  the  central  vessels  enter  n.  ^  ^  IW  1 

Tk rombotyii  of  t h e  ( reii t ml  vt?i n ,  which  was  first  anatomically  demonstrated  by  _^ 

Micliel,  Is  charaeterized  by  an  enormou^^  tii.^tention  of  all  the  retinal  veins  with  blood. 

ited  lis  to  be  i^cartely  dmcoveraitk"  (Fig.  252).    [Slt  also 


while  the  arterias  are  so  at  ten  .  .^   ,,    .      _ 

Fig.  LJöt)  n,  L  and  IJ.J  I'lie  blond  e.sraprs  from  the  turgid  veing  at  many  g[H>ts  so  tluit 
the  pntirf  fuTHjIy^  is  fovfrt'ij  ^yiih  [it^mTp^iHiTi'si.      t  he^<e  kiH>n  rprnmng  iLgiiln  and  again ^ 

and  with  their  reeurrt»riee  the  sighi  which  from  the  start  waa greatly  reduced  is  at  length 
titt^erly  destroyer b 

Thrombosis  may  be  confined  to  a  brancJl  of  the  central  vein^  m  whieh  case  the 
chiUigeö  in  the  fundus  aie  present  in  that  portion  only  of  the  retina  which  representÄ 
the  area  of  distribution  of  the  occluded  v^'in.  The  proj^nosis  then  is  more  favorable 
than  in  occlusion  of  the  main  tnink.  The  disturbance  of  circulation  may  be  com- 
pensated for  by  the  capillar>^  vessels  of  collateral  chaimtds — capillary  vessels  in  tliis 
case  dilating  to  form  Larger  vessels  which  can  be  seen  witfi  (lie  nphthalmoscoiw. 

The  marked  venous  sti^js.  whicli  must  occur  as  a  regult  of  a  venous  ttuornbtisis, 
makes  it  easjv^  to  see  wiry  increase  of  tgog Ion Treqn entity  occurs  in  such  casc-s.  Thia 
eoH-allcjl  hemorrhagic  ßlaufoma  gn^^a^ad  prognosis,  since  it  ^s^  ginon^Wv  nu'^rjth]t^ 


even  l^v  iridej-lfim y . 

^Tlirombo^is  of  the  <-entral  vein  occurs  for  the  most  part  in  elderly  pcn^on^  j^utTcr- 
iog  from  aFftTioTicif'rosis:  i>ut  an  iut!ammatTon  in  the  orbit  rrKLV~uJso  fi-ml  to  ihrpiij^sia 
of  the  ccnlr.il  v*:Mn/rjrobably  through  the  developrat^nt  of  the  orbilal  veins  of  thromboscfl, 
which  ,>^ul}?*<  nueiitly  extend  into  the  central  vein.  In  this  way  cages  of  blj n d ness  are 
Bometimes  produced  in  t!ie  conrae  of  fackil  erysipelas.  The  erysipelatous  inflammation 
of  thö  skin  kas  uTEenciency  to  penetrate  iii  öpüfSlTlTb  the  deeper  parls^  and  there  tict  up 
cithe-T  infiltrations  or  phlegmons.  Hence,  Ahaey^^^'s  of  the  [id.^^  abscesses  in  the  orbit, 
and,  through  transipiasion  to  the  brain,  even  purulent  meninptis  are  ot:is<^'c:gTi3 
gequels  ofjjjcial  erA  Hit^elas.  It,  tnen,  a  case  of  erysipelas  Ls  complicated  witTi  mflaoima- 
tion  of  the  cellular  tiissui"  of  the  orbit,  it  is  sometimi^  found,  after  the  erysi|>elas  ha-s  run 
its  course  and  the  swelling  of  the  lids  hius  abatctl,  that  the  eye  is  blind.  The  ophthal- 
moseopc  shows  atropiiy  of  the  optic  nerve  with  extreme  attenuatiJfc  of  tlie  bl owl- vessels. 
Id^ecording  to  ill  obsci'\  atton  of  Knapp 's.  we  are  dealing  in  this  ease  with  a  thrombosis  (if 
!%e  central  vein,  consequent  upon  the  inflammalion  of  the  retrobulbar  cellular  tissue. 
The  blindness  that  is  due  to  en^'sipelus  may  affect  both  eyes. 

In  proetMxling  to  consider  the  st^parate  forms  of  retinitis  classified  with  reference 
to  their  etiology,  we  are  not  to  forget  that  it  is  verj*  rare  indeed  for  this  inflamraation 
to  remain  confined  strictly  to  the  retina,  the  fact  being  that  it  usuallv  imnlicatea  the 
head  of  the  optic  nerve  tLS  well.  If  this  implitration  Is  |)r(^scnt  to  a  marked  (iegre«'  we 
calll  XTie  case  one  of  fteuro-Tctinil ü .  We  use  tlie  same  term  wtien  an  mttamnialion  (hat 
starts  irom  the  tieaH^ffüeoi^tic  nerve  extends  out  into  the  retina.  With  regard  to 
its  etiolog3%  thcr^'forc,  ncurtj-retinitis  is  at  one  with  retinitis  on  the  one  hand  and  with 
neuritis  on  the  other.  A  similar  relation  exists  between  retinitis  and  chorioiditis.  An 
inflammation  that  affects  predominantly  the  outer  layers  of  the  retina,  adjoining  the 
chorioid,  i^ill  scarcely  run  its  course  without  implicating  the  chorioid  too.  Of  thia 
s>T>hilitic  retinitis  affonls  a  vcay  e%ident  example.  Converseh^,  it  is  obvitjus  that  eho- 
rioiditis  can  not  exist  without  the  portions  of  the  retinji  immetliately  adjacent  par- 
ticipating in  the  process.  P>oin  an  anatomical  standpoint  every  chorioiditis  is  a 
ruHno-chorioiditis  (or  chüri4^retimtiJi),  although  we  generally  do  not  use  this  term 
tmleas  ophthalmosf-opically  visible  signs  of  inflammation  can  be  demonstrated  U^ 
ejüsi  both  iL  the  retina  ami  in  the  chorioid. 

The  moat  important  varieties  of  retinitis  are: 
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1 ,  Rctinit  is  A  ib  u  m  in  u  r  icn . — Th  is  of  al  li  n  fla  in  m  lit  I  ons 
characteriied.      In  afMition  to  the  Kf'^^^Tül  m^^  of  relmjtjH,  auch  li.^  hazine-«^  of  the 
retiga  and  of  tht?  oiulTne  of_the  j>apilia,  tlL^JtenUpli  of  the  retinal  arttirics.  and  hemor*^^B 
rh^ggi^  it  13  parLicularJy  disim^:;uishtM']  by  the  uTrite  [»aTcfies  m  Ihe  tun  this  (Fig   2ls),^B 
I  (Fig.  2or>  C,  C  and  D.]    Th^  white  spots  are  found  ehiefiy  in  two  plaecs^in  a  rerlain 
I  area  .surruundinK  tht*  papilla  anü  in  ih'e  maeuia  luteu>     In  %hv  former  situatiun  we 
find  rather  large  wmiR  patches;  which  may  De  so  numertjus  w^  to  form  a  speckled 
«one,  which  is  usually  inttjrruptpd  at  a  poiDt  corresponding  to  the  macula  lutea.    The 
latter,  on  the  <^(ther  hand,  is  occupied  by  aniall  white  ftlipplings  radially  dinpofied^  80  ^H 
tliat  a  f>retty  radiating  crovoi  ia  formed  with  the  fovea  centralis  at  it*  center.     Very^f 
often  the  crown  is  inrotnplcle,  the  rays  being  fully  fornied  only  on  certain  sides  of  it. 
Besidefi  this  form  of  retinitis,  affect if>ns  of  the  fundu«  occur  in  albuminuria  ihftt 
present  no  nuch  c I laract eristic  appearance.     Such  alTeetioiis  c<-jrapri«e  simple  retinal 
hemorrhages,  retinitis   lu-pmorrhagica  (Fig.  2,'>4),  and  neuritis  (including  even  choked 
disk).      On    the    other   hand   a    picturt^    very    stmllm-    ^^^    ^V>^^t    r^f    (vniral    n-tmifin 
albuminurica  may  li^*  i||-ndijpf|d   by  other  t'aiLs<  s.  siirh  \is  bruin   Imnnr.  diuljeles   and 
arter  iö^ücierüHis .      Hence  an  examinat  io  n  oft  lie  patients  urme  should  be  made*  in 
every  casc  of  retinitis. 

All  f o vma  1 1 f  k i d t un'  d j ui^ ; | f^*  1 1  m t  it\suU  I^|  alliuiiiiniiri;!  riuiv-  \h^  roinnhcated  with  ret^ 
I nitis ,  hut  1 1 1 1 ^  t > 1 1 < * jni >s i  f rei i uci i T ly  t h t is < ■  i > ni j >li (  ä  1  c d  i s  1 1 1< ?  a t  ri rnhickidm:' \' .     71  le se ve n ty  I 
of  the  retinitis  Ijcars  no  fixed  proj>ortion  to  the  intenHity  oF  the  kidney  disease  nor  to 
the  amount  of  albumin  in  the  urine.    The  hke  is  true  of  the  subae^pient  coume;   th«  j 
retinitis  may  improve  while  the  kidney  lesion  grows  worse,  or  vice  vers£i.     Neverlhc- 
lesa,  retinitis  albuminuriea  is,  on  the  whole,  of  evil  nropinsttii-  viVni]]ranpff      Even  if  I 
it  does  occur  soineiimcs  w^Vti  Ix^nlgn  kidney  lesions  (e,  g,,  with  scarlatiikal  nephritii 
and  the  renal  alTection  of  pregnancy),  yot  it  far  more  fre<iupnlly  is  associated  with  the 
severe  clircmic  cu.ses,  anil  it  is  a  malter  of  experience  that  most  ijcitiet^f^  w\ifffinng  WJ^^ 
retinitis  dhumin urica  supemrib  from  tlieir  renal  flis^inlcT  witfiiii  \\  few  vejrs.     (For  the  I 
^  connection  between  ttie  retinitis  and  liie  renai  »iL^wirihr,  see  p[ig(>  2Sj 

In  ne ohri t is  d i.^t n tViimm  of  vision  may  oeeur  also  under  the  form  of  a  transitory 
blindness  withfit'i   any  reiinitia  Ix^'n^  prc^ut.      the  patietil  <Jeeian>8  tiiat  ever^"thing 
BUddenly  lieeot  1 1*  -  ■  f :  irk  Iielore  l!ijs^'*yes ;    t  he  disturbance  of  si  gl  it  increases  .so  quickly 
that  t lie  blindnivss  i:<*ls  to  ih*  com|jlerc  williin  a  few  hours  or  a^day.     Even,  how^ever^ 
when  the  Nindtirss  j-s  ub^ulme.  ine  results  nf  exatniiKitinii  of  the  eye  are  usually  neg»* 
tive.    ^f tor  one  <>r  m»>nj  dny^  the  .siglit  is  graflually  restored,     wimultaneously  with 
THo* attack  of  VLsfiaiMusmrbance  other  nervoits  hymptoms  are  found,  such  as  head- 
ache, vomiting,  dyspntea,  loss  of  consciousness,  and  convulsions     in  ^fi^rt^  the  symp-  | 
toms  of  urj?mia.     The  blindness  is  therefore  known  as  urn  mir  nnuiur'mis.     The  fact 
that  the  reaction  of  the  pupil  to  light  is  in  most  ca^es  prescrTBtttTr^ite  of  the  com- 
plete blindness  proves  that  the  location  of  the  affection  can  not  be  in  the  eye  or  in 
the  optic  nerve,  but  is  higher  ui> — ^that  is,  in  the  brain,  which  ia  poisoned  by  the  excre- 
tory matters  retained  in  the  l>iood.     Uriemic  amaurosis  is  distingtii.shed  from  th©  I 
disturhanoo  of  vision  due  to  retinitis  albuminurica  partly  by  the   negative  re^sult  of' 
ophtlialinoscopic  examination,  partly  by  the  course,      rnrtnie  anmurot^is  seta  in  ai|d> 
deuly  and  h  fomplj^^te,  w h i I« m n  re t i n J t  Ji^  nl hi 1 1 ti i n n£j px  the  siglit  is  n^duce<l  graduallvand 
JBseldtHLi  liholliilah^d  entirely.     The  blindness,  liowever,  is  rxTrnunnrit,  while  the  blind- ^ 
neas  due  io  urä'inia  gives  plac«  to  normal  vision  again,  provitled  the  patient  does  not  ' 
succumb  to  the  iiropmic  attack.    Of  course,  the  possibility  of  a  unumic  amaurosis  oc- 
curring in  a  patient  already  suffering  from  retinitis  is  not  excluded, 

2,  Retinüis  Diabeiica. — This  is  characterized  in  many  cases  by  the  presence  of 
small  ^  brilliantly  white  Mnfitw  in  the  retina^  wnucfichietiy  occuov  the  region  of  the  mac- 
ula lutea  and  its  vicinity,  without,  however,  piX'st^nting  a  stellate  arrangement,  aa  in 
ulbti m i nil ri c  ret i n i tia  (Fig.  255T^     ÄöTnölimes  Ijy  the  conllucnce  of  small  dots  on«  or 


two  large  pjitehcn  are  found,  which  show  by  their  erenated  Ijorder  that  they  are  com- 
posed of  smalier  spots.     lietweon  the  white  ixitehes  lie  punctate  extrav^asatioM 

transparent,  und 
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In  other  vase»  this  c  J  iura  etc?  ri  stir  picture  is  not  present;    in  fact,  diabetic  retimtiÄ 
may  actually  appear  under  t  he  giiis>e  typical  of  alhuminurir  ret  imiij*  [or  flosely  reöenible 
^Hfe  retinitis  cireirmta  (i*ee  p;ige  /j^-l).] 
^H         EetinitLä  is  also  olj^erveii  in  oxaiurm, 

^■^  3.  Heiinüü  Leuccemica. — In  this,  superadded  tu  the  general  syniptmiiK  of  in- 
^H|ammation  of  the  retina  (namely,  retinal  cloudine^s."!»  and  hpniorrlmges),  there  is  found, 
^^k  a  charact4?ristie  feature,  a  light  hue  of  (he  hlood  in  the  retinal  vessels ,  which  ordina- 
^^fely  are  greatly  dilated,  Fiirthernuire,  sint'e  in  leurii'mia  tJie  bWd  that  flows  in  the 
chorioidal  vessels  is  of  lighter  color  than  normal,  the  entire  fundus,  e%*en  where  there 
is  no  retinitis  present,  is  of  a  much  lighter  red  tlmn  usual,  and  shows  a  yellowish  tingie. 


Fjq,  25.'^ — Diabetic  Retinitis  in  a  Man  Sixty-nine  Yeajis  of  Au^;, 

When  itie  dliat>e(<'»  wh-h  discoverwl  el**v*»ni  years  prfvions   fix  per  wnt  of  ptismr  wa>  prcM^nf,  whib 
■  sfuni?  year:*  pi^t,  under  the  iiiflui^ncje  of  «uituhle  treatiiHfut,  «he  ^uj^ar  hiti*  ftlmu^i  diNappenrcoi.    Tilt 
4urh:isiirt  of  M'.^ht  htu*  \tL»*eti  for  niiii-  month»,  aiui  i-*  ettUfi<yJ  mim^U   Iw  a  j-f'riTrul  f^t-titoma  f<»r  blue^ 
orrexpond«  to  the  extnlftt*»  in  tlu-  inacuta.     I  'iih  the  myopia  of  the  tsye 

|ti  ic  crescent,  about  Imlf  the  wicith  of  the  papi  lu  rhe  optic  ri**nr*.     In  its 

;        ihe  rc^tina  »thow««  nuineroijH  punctate   hemorrhu^     .  ^  aro  p^nernlJy  di^m^Hnt  in 

oupn,  and  (r**n\wtilly  coivltisce  to  form  rather  Inrnte  putches'.     lu  uikhnon,   -«niEiH,  brilhuntly  white 
Otfl  tktHf  present  of  irreeuhir  iihurte  aiid  s^hiirp  oiithnc«,     The>c  are  di^wiHeil  quite  jrrrKularly  in  a  larj;e 
jlrcle  flUiToundinic  the  macula.    In  the  macula  il*elf  i»  found  quite  a  large  r'xiirlatf  huvitijt  a  etnioture 
I  thai  of  the  tmall  dut». 


I  U*l^ 

^Kni 


Likewise  clmrücterial ie  of  lencirmic  retinitis  are  white  patches  with  u  red  rim  (eon- 
sisting  of  white  corpUNi-les  surrounded  by  reti  onej*);  l>ut  sucli  |>atohes  are  prejjent  in 
only  a  few  cases  of  retinitis  lc;ucirmie4i.   [See  Fig.  25G  C^  B.] 

4,  Retiniiiff  Srjttiea. — In  this  the  changes  afTect  mainly  the  fKJsUjnor  aection  of 
[»e  n>tina,  in  whirh  botli  hcuiorrhivges  anil  white  patches  are   found.     The  papilla  is 

altered.     The  disease  occurs  in  connection  with  sej^wis,  and  that  not  only  in  the 
fataJ  forrua,  birt  also  in  the  slighter  rases. 

5.  RetinUw  lf(Fm*trrhngirn. — This  is  diagBosti catted  when,  along  with  the  pres- 
ence of  nutBoroas  honiorrhaga'«  in  the  rtvtina,  the  Litter  itself  is  hazy  and  the  fmpitla 

obscured  (Pig.  25i).      Hemorrhagie  retinitis  is  due  for  the  most  part  to  diseases  of 
ret  inal  vess-^j»;  many  of  these  cases  are  probably  identical  with  those  of  thrombosis 
ccDtral  vein,  an  de9eril)ed  on  page  540. 
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'M^m  has  described  utulcir  Iho  name  of  ret  in  it  is  ptoHjera  m  an  affection  in  whic 
dense  iiiasaes  of  fonnective  tiasue  extend  out^Troni  xi\q  retina  int<»  the  vitreoua  und 
cover  a  ponirin  ni  the  iuikJuj*—  in  fact,  even  tiie  papilla  itself  (Fig.  255).  Into  tlicae 
niaaaes  run  new-fnf[i^^>ii  vf*KHi!lK  frtptn  the  r<^iim.  For  a  number  of  these  caaes  it  is 
probable  that  thesi*  nuuises  of  it^onnet'tive  tissue  have  l^K?en  preceded  by  hemoirhaigei, 
which  were  (Hiured  out  fnjtn  the  retina  into  the  vitreous  and  afterward  becanrke  orgiui- 
ized  (see  page  535). 

A  new  jormati/in  nf  bio<xt-vessela  may  furthermore  occyr  whenever  a  retinftk^  pai^ 
ticularly  a  syphilitic  retinitiB,  lias  lasted  a  tong  lime.  The  vessels  in  this  case  pro 
ject  from  the  retina  into  the  vilreoua  under  the  form  of  slender  and,  often  aljo  of 
repeatedly  eonvoluted  coils. 


Fio.  204. — ÜEMOKHUAQIC  ELTiJiirif«  m  A  Woman  op  Fui(Tr-i;iGHT,  who  suFFEHictj  frou  DiuoNtr] 
NF'FHIiitib  AMD  Ca&diac  Uypertrofht, 

Thf^  oiitlin««  of  the  (tnij'ii»h-r^l  papilla  aj^  obscured,  the  ftrt«»rie?i  of  the  r^tltiA  art?  K)in«'wh(K 
oonlract^i  ami  in  places  are  CfUDceoiletl  by  the  clr>u«iine-M  of  llie  retina.    The  vein-*  are  very  tortiM>u%| 
anci  frtiiu  _Lhp  char&^rter  <if  their  rt>f!e\  ^treak^  it  can,  bo  ^eon  tlmt  noi  all  tlu'ir  convojiitioiia  [" 
game  piano.      [  fiOj^ffTffTTi^  It  wMull',  HIKIU'hiI  fiunt  n t rial c-  * » pat- it \%  a n 1 1  U  H IJ «*i I  ysirU  very  |ii 
plTTTIJ^frHafp  unil  partly  royiulefl  hfTTmrrhaKe 
a  vein,  w  ft  white  wp<»t  whicJ; 


To  the  left  mui  W'lov, .  t*twecn  the  I  wo  I 
iftH  orij;irmte<l  from  u  }ienjr(rrha<rf. 


6.  Ret  I  nit  üi  äSj/phi^itica . — Acf|uired  syphilia  ia  one  of  the  most  frtsfjuenl  catSä 
of  R^tlnitia.  8%7>hilitic  retinitis  is  usually  aÄSociated  with  disease  of  the  uvea,  and 
above  all  of  the  i-hnrioid;  often  also  of  the  iris,  which  then  exhibit«  the  picture 
flyphilttic  iritis.  In  the  retina  sj-philitic  inflamraation  apfxiars  under  two  fonns,  di^ujttj 
and  circunis<:'riheii.  In  the  fonner  case  the  entire  retina  ia  clouded  and  faintly  i^%f 
[See  Fl«;.  256  C,  E  and  F|;  here  and  there,  especially  in  the  marular  region,  more  den^l| 
gray  spots  may  be  found.  Later  on  in  the  diäease,in  proportion  as  the  eloudincsn  of  ifc 
retina  abate»,  changes  in  the  pigment  epithelium  s*'t  in,  and  yltimately  migratbn 
pigment   from  the  latter  may  take  place  into  the  retina,  so  that  a  picture  ia  fonned'* 
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mhUng  thnt  of  Trn'nitlis  pigmentosa.  Tliis  iorm  of  syphiliric  retinitis  consequently 
hjnddee  in  pirl  with  the  sy|ihilitic  chorioiditis  de^cribect  by  Förster  (page  442). 
In  the  circumscriljod  fonn  a  Ituiky  white  exudate  is  found  citlier  in  the  rcgkjn  of 
the  niacula  lutea  or  more  fre<|Uenfly  erlöse  to  one  of  the  larger  retinal  vessels.  In  the 
latter  case  it  is  ofteo  [x»fwible  with  the  ophthalmoscope  to  tx»ci>gnize  tliat  an  alTection  of 
the  wall  of  the  v^ensel  is  the  cause  of  the  ei re uniscriJwd  exudation.  Later  on  the  oxu- 
date  is  tratisformed  into  bluish-white  scjir  tissue,  which  by  shnaking  niay  give  rise 
to  detachment  of  the  retina. 

Hereditary  s^T^hilis.  too,  leatla  i^y  retinitis,  which  may  be  observed  in  childf«u 
or  may  Ije  even  congenital     Ordinarily  we  see  only  the  evidornxw  of  inflamnimion 
ter  it  has  nin  its  eoursc;   such  evidences  oceurring  either  under  the  form  of  nunier- 
is  small,  light  or  black  spots,  or  tinder  the  form  of  an  old,  bidky  exydate,  that  has 
been  transformed  into  eonnective  tissue. 


#./ 


■■^i. 


V 


In  Ä  mwi  thirty-fivr  jean»  of  ttftf,  wlm  friiffrretl  frcqiienrb^^Tonn  fialpitation  of  thr  tTi*nr(  »rul  nofte- 
bleed,  «lUilen  obiKniration  of  the  sigVit  ot'eurre«;]  in  bcjlh  eyt'»  live  year»  ago.  ThtÄ  obscuration  haa  re- 
ettrracl  repeiitedly  aiDoe,  heitm  due  to  recurrcnl  ticntorrliai^es  into  Ihp  vilreouai.  In  ilie  vitreous  of 
tb«  left  eye  clone  to  the  papilia  lit»  n  ^hruinR  wliite  masB  luiving  a  ^Iniciur«;  partly  fibrou.^,  partiv  gmu- 
ulAr.  From  thi»  masa  jm^  «trojidai  in  different  direct ionü,  some  extendirn?  as  far  aH  ibe  pcnpliery  of 
the  fundus.    No  ve^seh  are  reropaiiKable  in  the  white  ma««,  which  oov«»r»  the  upper  half  of  the  paptÜa. 


U 


oprni:  .  .  .  .    . 

The  other  half  of  the  papilU  and  the  tqM  of  the  fnndufl  are  somewhat  haxy  (owing  to  the  pretence  of  tL 
faiut  opacity  of  the  vitreous),  and  beKide**  appear  ändistinüt.  becaune  the  ophthaimomcope  is  ad  hunted 
not  for  them,  but  for  the  conn<^ftivp-tiH>iup  mad?,  which  is  »ituatefl  farther  forwanJ.  indif«liüctfy  viä>- 
iblc  are  indication*  of  the  ret  ma]  v<^s^el*.  (above  aad  to  the  outer  iside)  aod  indicatiotiMof  a  tc^aeUatiotl 


af  the  fundus  (below  and  to  the  inner  side). 


7,  Retinüis  thte  to  tlazilimj  h  prodiictxl  most  frequently  by  lookinjt  at  the  sun 
{solar  ntiräiwi]  or  at  the  electric  are  light  [tleetric  retiniii^].  The  ophtluilmoso»»«^ 
shows  [)ijrmeni  chan^eam  the  mnruLa  \}^y^\.  upon  which  jjie  image  of  the  sim  ha^  ^cen 
caj*t.  I  orrfspoinlmt^  R7fliLs  sjm\  then;  Is  a  amlnd  -^roty^^Ti.  ud^uh  for  thn  nm-af  p^r^ 
j??fT!tin3  iKTmanrntly  [hvv  p;tp'  '2'2).  [^lli^  i^^  oftfMi  ron^birjcd  with  metamorphopsia. 
— D  ]  \\  emu?nffT  roiifoutid  with  tb*'  retinitis  due  to  dazzling  that  variety  of  inflam- 
matU>o  of  the  *  ye.^  whieh  is  [jrodueed  by  the  artion  of  snow  (snow  blindness)  or  by  the 
I'l^^ctrie  are] light.  This,  in  addition  to  transitory  symptom!*  of  dazzling,  coi^ists  mainly 
\  a  violent  eonjunntivilia  O^e  page  24j. 
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J^  The  macula  lutea  has  the  most  delicate  anatomical  structure  of  any  of  the  tissues 

^  y  of  the  eye,  and  is  hence  also  specially  vulnerable.    We  find  it  therefore  diseased  partie- 
J^   ularly  often,  e.  g.,  in  myopia  where  it  participates  in  the  affection  of  the  subjacent  chori- 
cid  (page  445).    But  the  macula  is  *^«n  gft^n  iniureii  in  cases  in  which  it  Ls  not  in  any 
X\    way  directly  affecty^  bv  the  agent  causing  the  injury.    Thus  a  circiunscribed  affection 
^.v*  of  the  macula  often  develops  after  contusion  of  the  eyeball,  or  in  the  case  of  foreign 
^       bodies  in  the  v^tjeous.  or  in  compression  of  the  eye  bv  ^rhit^l  tumors.     From  rare- 
faction oi  tissue  at  thifl  anot  IretinilM'atrnphyuinii^ceniralisl  an  actual  hol^  mB.v  he  pit>- 
v\^  di^ge(j  in  the  retina.     Under  the  ophthalmoscope,  this  hole  looks  like  a  depp  rp^  dirfr 
at  the  site  of  the  macula  (Kuhnt,  Haah). 

In  the  last-montioned  forms  of  retinitis — namely,  retinitis  syphilitica  and  retinitis 
due  to  dazzling — the  inflammation  has  its  scat  mainly  in  the  outer  layers  of  the  retina, 
as  is  proved  by  the  changes  simultaneously  taking  place  in  the  pigment  epithelium 
and,  indeed,  in  the  chorioid  itself.  But  in  the  forms  of  retinitis  first  described  it  is 
mainly  the  inner  layers  of  the  retina  that  are  affected. 

Often  enough  cases  of  retinitis  occur  in  which  even  a  careful  examination  of  the 
patient  is  unable  to  demonstrate  any  determining  etiological  factor.  Several  forms, 
which  are,  to  be  sure,  of  rare  occurrence,  are  distinguished  by  characteristic  changes 
in  the  fundus  from  which  they  get  their  names — e.  g.,  relinitis  circinata,  from  the  cirele 
of  white  spots  surrounding  the  macula  lutea.     (Fig.  255  B.) 

[Many  regard  retinitis  circinata  as  only  a  variety  of  retinitis  proliferans,  the  cir- 

cinate  wliitc  spots  representing  organized  hemorrhages. — D.] 

/  A  very  rare  affection  of  the  retina  is  that  occurring  in  children  in  the  first  txüo  years 

I  of  life  with  the  following  symptoms:    The  region  of  the  macula  lutea  is  occupied  by  a 

I  grayish-white  patch  of  the  size  of  the  papilla,  having  in  its  center  a  small  vividly  red 

I  spot  like  that  found  in  embolism  of  the  central  artery.    The  rest  of  the  fundus  is  normal, 

J  although  the  papilla  becomes  paler  and  paler  all  the  time  and  finally  altogether  atrophic. 

V  The  changes  are  always  found  in  both  eyes,  and  are  alike  in  both.    The  children  grad- 

1  ually  become  blind,  and  exhibit  apathy  and  paralytic  weakness  of  the  muscles.    These 

jsjrmptoms  increase  until  after  the  lapse  of  many  months  the  children  die.     Autofwy 

I  shows  changes  in  the  cerebral  cortex  *  and  descending  degeneration  in  the  spinal  cord. 

/  The  cause  of  the  disease,  which  sometimes  affects  several  children  of  the  same 

I  family  and  hence  is  known  as  amaurotic  family  vHocy  (Sachs),  is  unknown.     [The 

\  disease  attacks  particularly  children  oi  jewisn  parentage. — D.]  %  ^^.  ä  ^   m    '^ 

fUW  vwL|  ik|..,  •l#1'.  o**^»a(  'H 

IL  Atrophy  of  the  Retina. 

97.  Atrophy  of  the  retina  is  the  result  of  its  protracted  inflamma- 
tion, or  is  the  final  outcome  of  an  embolism  or  a  thrombosis  of  the  retinal 
vessels. 

Ophthalmoscopically,  atrophy  is  characterized  above  all  bv  thft  Rf.opnsi» 
of  the  retinal  v_e_ssels  (Fig.  257;  F,  Fig.  256  A;  D,  Fig.  256  B),  which  in 
severe  cases  may  amount  to  complete  obliteration,  so  that  the  vessels  are 
either  transformed  into  white  strands  or  have  become  altogether  invisible. 
The  retina  may  look  otherwise  unchanged  and  transparent,  or  it  may  bear 
traces  of  the  antecedent  inflammation.  In  every  case  ^e  signs  of  a  jeo- 
ondary  atrophy  can  be  made  out  upon  the  papilla  as  well:  its  outline  is 
indistinct  ana  it  is  ot  apale.  dirty-grav  color  (retinitic  atroph v  of  the  papilla). 

A  special  variety  of  atrophy  which  runs  a  verv  chronic  course  is  the 
jyigmeniary  degeneration  of  the  retina   (also  called  retinitis  mgmenlosa). 

» [And  in  the  ganglion  c«'IIa  of  the  retina  (Holden). — D.J 

wvv,«»^  mil].' 
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[Fio.  26«  A.— CjfANOE»  IN  AitTEKioncLERosiJ!.    (After  Tie  Bchwelnitx.)* 

A^  Nornml  fundus*  B  to  F,  mjctM?«H.lve  clmnges  otrcurrlniit  In  artcTlt>scleroBäs,  Inctudtii^  pallid  arttrleH 
_U  liiUT  ÄSsurainjErt  »ilvcr-uirG  apfiennnu'c  \iU  ;  Indent«?d  veins  (U,  C),  iiflerwanl  «ihoivliig  lUiiTi^illifonn 
|il»rf(t»ineiU^  (U,  Et;  oorksnrpw  r^l^^i]l^id^'^  i  C,  D) ;  corkst^rew  &rt*^rieft  and  vohis  (1»,  K)  ;  püMvai^i'iiliÜä 
~,  J»f  ;  «cleroniaof  vowsels  (F)  ;  redema  of  dbsk  (B,  C,  D,  E),  ht'iiiorrhages  ^C  F^,— lV'\ 


[FlO.  2U  B.— CHAivoii  IN  RlTtKAX  VKäsELS.    (Aller  WürdemftTin  tn  roiey  »nd  SplUer.) 

A,  Emboltfin  central  »rteiT ;  partijil.  Affecting  onlv  Inferior  branch  ( Haab).    B.  Emboliam  ceutciA 
j ;  total  within  nerve ;  a  dlio-netlnal  Teasel  suppUea  ii  9m»\\  area  ol  itti.Tv&  \t\  'Vi\^W\^  \\1lTäX\wv  Na 
v€d  iWürdenmnnK    V,  TftromLosis  of  central  veselft  froni  mumi*  ^\N ^Tt\vm&u\\ v    \>,  ^r*.w\s!L  ^i»» 
mt/is  lAier,  showing  «rJemsis  and  atrophy  (Würdemwm),    £.  l\t*moTTY\R«fe*.  \T^m  ttWwWv  's« 
fUmftntiMf,    F.  /ler/FiiwrjJ/t/s/ijefiV«!  fMjMmufii— DJ 


[FiQ.  2fi6  C— Inflamm ATI0N8  of  thi  Eettna,    (After  Würdem&an  In  Posey  and  Bpiller.} 


I  A,  CEdem*  tu  ticmiclous  »mem an  fOllveri. 
InltiÄ  and  neuritis  ol  prejjrniincy  (Wiirdeiii»ririJ 
E.  SvphlJifie  n^tinftts  (Hmabh     F* 


X  Lenca^Dilc  retinitis   (Oliver).    L\  Albiiminurtc  ' 
Atrophy  of  petlna,  thoriold,  wiA  wetij^  lt\\\<vvf\i\%  o\vot\ss-t<4\; 
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This  is  marked  by  such  charaeteristit'  subjective  symptotTis  that  the 
diagnosis  can  l>c  made  ulniost  frnrn  them  alone.  The  persons  afTected 
with  this  disease,  even  when  tstHl  voung.  coniphiin  that  7Ti(>\  ^.(  o  worse 
whenever  the  ilUmiinatinn  is  reducetL  and  partLcuiarly__iit  ni^hf  (hcin- 
eralonm).  ~i  nis  srah-  of  tliTnus  increa.ses  with  the  a^e.  nu  that  finally 
the  patient?^  are  no  longer  s^hlp  tn  na  zdiout  alone  at  ni^t>  whiieinthe 
davtimel  thev  stTll  see  tiuitt:^  vvelL  The  cause  of  thi.s  iihenornenorTis 
disclosed  by  the  exannnation  of  the  field  of  vision.  In  the  beginning 
of  the  disease  the  field  of  viaion^  when  taken  under  goocnilünilnation. 


naml 


trmpfmil 


Fia,  257. — Rerun iTis  Piomextosa,    (In  pari  aftt-r  J£ger.) 

Owing  to  Ui«  dlsapiiearanoe  of  the  pifpnent  epithelium,  the  stroma  of  the  chorioid  jsexpoNod,  oo 
tbAt  the  briifhi-red  «huriotdal  voiaela  with  Oie  ilarkly  pigfikenL4*d  jiueryfuti'ulnr  apace»  wo  «svery where 
vi«tble.  For  the  Aam<«  rüUf<oa  nuTneroua  hranrhtHl,  iu t^rconiiected  pincinetit  «ip<jt(f  are  foutid  in  thi? 
periphery  of  thi*  rciiaa.  Thii*  piÄmented  «one  cM**«*:!»  in  a  cirde,  altliaui^h  it  come?«  €lo*i>r  to  the 
papill&  on  the  ittiMil  Ü\a.n  on  the  ternponil  mde,  where,  in  fact,  it  he.<$  !mj  fnr  to  the  periohery  thiil 
It  10  not  rrpresentofi  in  the  {{rawing  nt  all.  The  papilU»  i?  of  «  dirty  trrayiKh-yelJow  cfilor  »nd  ill 
dehned.  Of  the  retinal  veji^iels,  only  the  main  tntnkn  are  vtaible,  and  these,  ee<peeiÄlly  the  arteries, 
are  itreatly  contracted. 

proves  to  Jm>  tif^ürlv  normaL  while,  wheti  the  ilhiniination  is  retlueed, 
it  appears  very  niuch  contracted.  \\  c  nuLst  conclude  from  tlusT  that 
the  neriTiheral  T>orHoM.s  t>f  ffiere-hria  are  urnror-s(^iisitive,  so  tltat  unller 
goud  illuniinatiori  jhev  .s^ih  nerjorm  then'  finictioii  t>iü  iln  imt  reät*! 
to  weaker  stimuli,  such  as  f<.^chlv  illuminated  images  aiTurd.  Later  on, 
the  fiehl  oT  vision  showsjtself  so  contractccL  even  under  full  illumma- 
tion,  that  oneiitation  suftVrs,  and  the  iKitit-nl  cmu  scarcely  guiile  himself 
alone  even  in  dallinie.  At  the  same  titiie  direct  vision  nmy  stunde  so 
good  that  tiic  oaiieiit  is  able  to  Jo  tine  wnrK.  ~t maiiy,  eeiUral  vision 
too  is  lost,  so  th[i^\  cotnplt'fr'  blJiiflncss  supervenes.  This  ortiiiiaril>^  is 
not  the  casf*  until  late  in  life  on  the  sixth  decade  or  later) > 


i 
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TEXT^BÜOK  OF  OPHTHALMOUXiY. 


Ophthal ttiOÄcopic  examination  shows,  as  the  most  prominent  symp» 
toms  of  the  disease,  the  presence  of  ämaü  black  spots  in  the  retina 
("speckled  retina/'  F\^.  257).  These  are  of  branched  «hai>e,  so  that 
they  have  been  compared  to  bone  corpuscles  or  spiders;  they  are  con- 
nected with  one  another  by  their  processes,  and  are  found  esiJecially  ' 
along  the  blood-vessels.  In  the  beginning  of  the  disease  they  occupy 
only  the  most  anterior  portion  (periphery)  of  the  visible  fundus;  as  time 
p:oes  on,  new  spots  keep  forming  farther  and  farther  back,  until  at  leni^h 
they  ri'ach  the  macula  lutea  and  the  papilla.     As  fast  a<  the  n^tina  be-, 

CO mes  pigmented,  the  T>igntent  epi- 


t helium  Ijcronu's    rlernlori^.en. 


JÜ 


t  ha  t  the  clionfMylal   \  esse  Is    get  J.  o 
he  "more   and    utne  ^isi1>le.     Wi|h  j 
the  mcreasin;;  pi^rneMialiun  of  thaj 
retina^tlie  sio;ns  of  .Mtrnphv  nf  tb<% 
retina  and  the  paiiilla  i^erome  riio re 
and  morf^j-fiyijjn^Tit     Accordingly, 
what    takes    place    is    a    gradual 
degeneration    of    the   retina    usso-| 
ciated  with  a  migration  of  pigment  j 
from  the  pigment  epithelium  inta] 
the  retina  (Fig.  258).     The  degen- 
SÜCC.MHI11  the  luuer' has  riiHBppeured  aijoKf-ther     eration   bcgius   at    the    periphery 

a»  A  result  of  atrophy,    Öucccedtug  the  hrixit«nft  i         i  r^     I      '^'-' 

inteniji  is  tt  eoÄrse-meehed  neiwurk,  a,  which     and  advanccs  towErd   the  Center. 

has  onginnted  iron»  the  »fuppurtirior  tisHuer  of  the  t       -i_  i  - 

retitia.      The    üerve    fil*nt    ami    jtatnthoti    cella.  In    tfie    SaiUe    Way,    tOO,    the    retina. 

which  normally  are  inclosed  in  this  ^uppc^rtinff  „      j       ii        i  **       r         **  ^i_ 

tissue,    have    l>eeii    completely    d^.^troyed.      The  gradually    lOSCS     itS     lUnCtlOn;     the 

ve^jtelN,   howm-pr,  can  milt  he  swn.  and  are  in-  ^.Cf^^i-^A    *^^-*:^^^    ^t    :•.    ,.  *    C^«.     ^ 

doMed  in  pi«nient.     One  of  them,  a  (very  creatly  atteCted    pOrtlOnS    of   it    at    hrst    are 

contrartcHiK    ha«    Wen    divided    lunjcitudmally;  cimnK^    Ipsq    *5*in«5if i v*>    fhari     l^^fr^rc» 

another,   gv,   tmn^ver^lv    by   the   fveclion.     Tl,e  S^lUipi^     lesS    sensUl\e    man     i:»eiOre, 

«iicewiJinK    layer«    of    tW    retina— namely      the  bein^   Still    Stimuhlt^d   tO  aCtiOtt    bv 
mner  molecular  layer,  r,  the  inner  prranular  layer,  ^  i*    i  •  i     * 

k.  the  outer  molecular  layer,   ru  and   the  outer  a  prettV  StrOIlff  llffht;   latCf  On  thcV 

fcrnniilar   layer,    ku — are  alt«r©d,   and    here   and  »  •         i       » 


Fio.    258.^Rrrmrr»    PiowiiiNToeA.      Skction 
TaaouoH'-THE  Retina.     Magiiiüed  170  •:  I. 

The  retina  i*  bounded  on  itK  anterior  hut* 
iaov  by  the  menibrana  limitan««  interna,  i.  upon 
iC<4  pu.Hterior  surface  by  the  mcmhrana  hmitani) 
externa,    r;     the   layer  i>f   nnJ»   aud    ctme»   that 


there  contampiiTTüenrileeUp'''"^'  "^"^  """'  ""^     become    Completely  insensitive. 

The  disease  attacks  botheyeg. 
It  develops  in  childhood,  and  would  seem  to  be  congenital  in  many 
cases,  although  it  usually  is  not  discovered  until  some  time  after 
birth.  Inheritajice  plays  a  e^reat  part  in  it.s  production;  retinitti* 
pi g mentosa  nccYirs  frcdut^titlv  m  brothers  and  sisters,  iiinJ  also^n 
several  suceessive  Keneratij^ns.  The  female  members  of  the  family 
are  less  frequently  effected  than  the  males.  It  is  often  ftmnd  at 
the  same  time  with  other  congenital  anomalies,  like  deafness,  mental 
weakness,  harelip,  or  supernumerary  fingers  or  toeSt  or  with  mal- 
formation  of  the  ey^.  such  as  persistent  hyaloid  artery*  posterior 
polar  cataract,  etc.  After  it  has  lasted  a  pretty  long  time,  posterior 
cortical  cataract  usually  develops.  In  almost  a  third  of  the  cases  the 
disease  occurs  in  individnaly  fiescendpil  from  consangiuneous  parent s. 
Herein  apparently  lies  tlie  explanation  of  the  fact  that  pigmentary  de- 
generation  of  the  retina  is  so  frequently  associated  with  other  congeni- 
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tttl  unümalies,  since  these  latter  also  occur  as  a  result  of  the  consan- 
guinity of  the  parents. 

Treatment  is  powerless  against  pigmentary  degeneration  of  the  retina, 
and  the  prognosis,  therefore»  is  bad,  since  complete  blindness  inevitably 
supervenes— though  not.  to  be  sure,  until  after  the  lapse  of  many  years. 

The  pigmentation  of  the  retina  uguallj^^  beging  not,  in  the  extreme  periphery  of 
the  fumJTig  hut  uIkjiiI  in  f  he  e<|uattjrial  regiun.  In  ironi  «irttns  region  the  retina  is  tree 
from  Etliick  sfxttB  and  sfill  jit^rformH  its  function.  Hence,  we  find  the  extreme  pe- 
ri pher>^  of  the  visual  Held  nitjic^  and  Beparated  from  the  like wiscTnTaiT  center  of  the 
field  by'a  bhnci  y.on<^  {finTiuhrji^iji^ u),  A f t e rwuni,  as  tlie  ulrophy  incrt^iises,  tti*^  |)eriph - 
«r>"  ol  t  he  TPT  ma  also  loseöiT^inKTion ,  so  that  the  small  central  viöUül  field  alone  is  left. 
The  black  »pats,  in  piginentar^'^  degeneration  of  the  retina  are  not  alwa>^  like 
bone  corpuscles,  but  esonietimes  are  also  roundetJ  or  irregular,  like  the  black  »pots  in 
chorioiditis.  Their  charticteristie  dbtinguishing  mark  hf\s  no\  so  nmch  m  their  shape 
as  in  their  situation,  which  must  be  aaaigned  to  the  retina.  Thiö  is  r^X'Ognj?.ed  from 
I  lie  fact  that  tlie  ret  i  mil  vesjjelH.  wherever  thev  run  by  the  black  tipots,  art?  rovercwi 
hv  f  t>^  ■  hence /t  he  Sixits  nmsi  lie  in  front^of  the  v^;||^;is-  i.  e.,  in  the  inner  la  vera  of 
tlieju^ü^^i.  (In  tlie  L'tmo  of  pigment  &pc}ts  in  the  chorioid  we  can  distinctly  follow  the 
retinal  vosüels  in  their  course  over  the  spots,)  8pots  of  pigment  in  the  retina  are  not, 
however,  limited  to  pigmentary  cJegenerafion  of  tlu*  hitler;  on  the  contrary,  the  mi- 
gration of  pigment  into  the  retina  may  take  plat/e  uJtimately  in  every  ca«c  of  retino- 
chorioiditis.  Tim  is  particularly  the  vum  in  syphilitic  retino-chorioiditis,  in, which  the 
pignwnt  in  the  retina  can,  moreover,  aBsume  the  b<3ne-^'orpni^cle  sliape,  so  that  a  picture 
quite  simtUir  to  that  of  pigmentary  degeneration  may  be  produced  (Förster).  In 
chorioiditit!»,  however,  there  are  abo  usuidly  present  atrophic  changes  (white  spots) 
in  the  chorioid,  which  are  wantinK  in  retinitis  pigment o8a,  [See  Fig.  256  C,  FJ  Never- 
theless, there  are  ease»»  in  which  the  diagnosis  is  very  dillicult,  and  can  only  l>e  made 
with  the  aid  of  the  previous  history  and  the  careful  testing  of  the  function.  Compare 
also  remarks  on  Ophthalmia  Hcpatica,  [lage  442. 

Nc»t  only  k  pignipntatjon  (jf  the  retina  not  confined  to  piginenlary  degfineration 
of  this  part,  but,  on  the  uther  hand,  sui-h  degc-neration  ia  not  nwessarily  associated 
witii  the  presenc^e  of  pigment.  Tfiore  ai*o  case«  of  wliat  are  caUed  retinilis  pitjment^mi 
itine  pujmenio^  in  whicli  the  same  gradual  attenuation  of  the  retinal  vesaeb,  progrt«- 
»ive  atrophy  of  the  optic  nerve,  fjemeralopia,  and  ultimate  blindness  are  obsen^od 
in  rt^tinitis  pigment<issa,  ami  only  tlie  migration  of  pigment  into  the  retina  is  abflenl, 
^These  cases  resemble  tomfefniat  hemerahpüt,  in  so  far  as  in  this  alfio  there  ia  hen^.raV 
lopia  without  any  pigmentation  of  the  refma  Iwing  preÄBüT.  A  iuHher  point  of  n^sem* 
blance  is  that  congenital  heniemlopia  frequently  occurs  in  seveml  meniljers  of  the 
same  family,  'I'he  distinction  Jwtwtxm  these  vä^m  and  retinitis  pigmentosa  sine  pig- 
men  to  IB  that  in  t!ie  fornier  the  fundus  prest^nts  no  signs  of  atrophy  of  the  retina  or  optic 
nerve,  and  vision  remaiiw  grnxi  tliroughoiit  hfe.  The  condition^^  therefore,  is  a  gla- 
•'inriMt-y  n|^4  alr  oppowed  to  the  slowlv  hut  surely  progressing  retinitis  pigmentosa. 

An  affection  alliwl  to  retinitis  pigmentosa  is  retinitis  jmnHat^  (tilMntcenfi  (Gayet, 
Nettteship).  This  in  all  the  rest  of  its  symptoms  agrees  with  retinitis  pigmentosa, 
but  insteail  of  the  pigmentation  of  the  retina  shows  hundretls  of  small  white  dots, 
whicli  are  diatriluittHl  pretty  uniformly  over  the  whole  fundus. 

For  treatment  in  pigmentary'  degeneration  of  the  n^tina  we  niEiy  try  mercur>^ 
pota.s.siufn  iodttlc,  hypodermic  inject  ions  of  strj'chninc,  the  constant  current,  diaphoresis, 
anii  the  like.  We  do  this  more  for  the  satisfacti<jn  of  the  patient  than  anything  else,  for, 
although  we  do  t*ometime«  obtain  an  improvement  of  the  sight,  it  is  onty  a  transient  one» 

^^P  Armiomiml  chafi^^  found  in  inflammation  and  atrophy  of  the  retina  are  as  follows: 

^^  In  inflammation  the  signs  of  inflanuuatory  tedema  exist,  or  those  of  a  cellular 

L        inhltration  due  to  extravasated  white  blootl  cori)Uscles;  abo  extravu-sations  of  blood. 
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The  changes  at  the  same  time  observed  in  the  tissue  elements  of  the  retina  itself  are: 
1.  Fatty  degeneration  both  of  the  nervous  elements  and  of  the  supporting  tissue  of 
the  retina.  2.  Thickening  (sclerosis),  especially  in  the  nerve  fibers  of  the  fiber  layer. 
3.  Free  exudate  under  the  form  of  homogeneous  masses  interposed  between  the  tissue 
elements.  The  three  changes  just  mentioned  constitute  the  principal  cause  of  the 
brilliant-white  spots  occurring  in  many  cases  of  retinitis  (particularly  in  retinitis  al- 
buminurica). 4.  Hypertrophy  of  the  supporting  tissue,  which  becomes  the  more 
prominent  in  proportion  as  the  inflammation  passes  over  into  atrophy.  5.  Thickening 
of  the  walls  (sclerosis)  of  the  blood-vessels,  leading  to  the  contraction  of  their  lumen 
or  even  to  their  obliteration.  6.  The  migration  of  pigment  cells  into  the  retina.  These 
are  ordinarily  regarded  as  derivatives  of  the  pigment  epithelium  from  which  they 
emigrate  into  the  retina,  where  they  may  undergo  spwitaneous  multiplication.  But 
according  to  Krückmann  they  are  glia  cells  of  the  retina  itself,  which  have  simply 
taken  up  pigment  from  the  cells  of  the  pigment  epithelium  (Fig.  258). 

When,  after  protracted  inflanmiation  the  retina  has  become  perfectly  atrophic, 
it  consists  of  a  reticulum  which  is  derived  from  the  supporting  tissue  and  which  con- 
tains pigment  cells,  but  from  which  the  nervous  elements  have  disappeared  without 
leaving  a  trace  of  their  presence.  The  blood-vessels  are  in  great  part  obliterated  and 
converted  into  solid  strands  of  connective  tissue. 

Many  pathological  changes  in  the  retina  do  not  originate  in  it,  but  are  derived 
from  an  affection  of  the  chorioid,  which  contributes  so  greatly  to  the  nourishment 
of  the  retina.  If  we  divide  the  ciliary  vessels  in  rabbits  and  thus  interfere  with  the 
circulation  in  the  chorioid,  degeneration  of  the  retina  ensues,  with  migration  of  pig- 
ment into  the  latter  (Wagenmann).  [So,  too,  chorioidal  exudates  are  associated  ^th 
infiammation  and  adhesion  of  the  overlying  retina. — D.] 

III.  Detachment  of  the  Retina. 

98.  Detachment  of  the  retina  (ablatio  sive  amotio  retince)  is  diag- 
nosticated by  means  of  the  ophthalmoscope,,  which  shows  the  detached 
retina  under  the  guise  of  a  delicate  gray  membrane  that  rises  above 
the  level  of  the  normal  fundus  and  projects  forward  into  the  vitreous 
(Fig.  259).  Exteriorly  the  eye  looJcs  normal,  only  the  anterior  chamber 
is  often  strikingly  deep  and  the  tension  is  also  diminished. 

The  detachment  of  the  retina  is  at  first  partial — i.  e.,  is  confined  to 
one  portion  of  the  retina.  It  may  develop  at  any  spot  whatever  of  the 
retina,  but  most  often  at  it«  upper  part  and  usually  (in  case  it  is  caused  by 
fluid)  changes  its  place  afterward,  for,  as  the  subretinal  fluid  sinks  on 
account  of  its  weight,  it  depresses  the  detachment  gradually  to  the  lower 
par£  of  the  eye;  hence  detachments  of  the  retina  are  most  frequently 
found  low  down,  although  their  original  situation  very  often  was  at  some 
other  spot  in  the  fundus. 

Every  detachment  of  the  retina  has  a  tendency  to  enlarge  and 
finally  becomes  total.  In  the  latter  case  we  find  the  retina  pushed  for- 
ward en  masse,  and  connected  with  its  bed  at  two  points  only — at 
the  papilla  and  at  the  ora  serrata.  Then  the  detached  retina  forms  a 
plaited  funnel,  beginning  at  the  papilla  and  opening  out  in  front,  a 
shape  which  Arlt  has  well  compared  to  that  of  the  flower  of  a  convol- 
vulus (see  Figs.  179,  209  and  210). 

The  subjective  symptoms  of  detachment  of  the  retina  consist  in  the 
disturbance  of  vision  that  it  causes.    This  is  characterized  above  all  by 
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a  limitiition  of  the  field  of  vision,  which  is  often  perceived  a»  a  positive 

phenomenon  by  thu  patient,  A  dark  cloud  lies  over  a  part  of  the  field  of 
vision,  corresponding  in  location  to  the  detached  portion  of  the  retina, 
which  has  partially  or  entirely  lost  its  sensitiveness  to  light*  If,  as  is 
io  frequently  the  case,  the  detachment  lies  below,  the  patient  complains 
of  a  dark  curtain  w^hich  veils  from  him  the  upper  part  of  objects.  For 
snatancer  he  does  not  see  the  head  of  a  man  standing  in  front  of  him. 


Fm. 


/.».  — M.ltr.l.  ■ 


D>TA'  nwrST    OF    THE    RlTlXA    IN    MvoPtA« 


A  wooukn  of  «ixtV'tWM,  hjvvinir  prrvjmi-^lx' bfcrt  very  myopic.  Iut!   ftir  four  yearx  lufFered  from  * 
cAtmriKTt,  ju  tf  Aftftr  Ide  rfiJii>vjU  t>f  ttit«  cflturart  by  >  :  Mi**  luw(*r  half  of  the  refioa 

proved  to  Im  ihr«»wu  into  foM.*,  ainl  tr^miilriuji.     Th*  ler  of  the  ci^tachinl  retina 

My  upon  Ih.  .  r  of  \hv  paptila,  and  cunceale^l  it.  To  if  .  iUt?  «Wanhmeut  i»  «harply 

demarcate«!  fruin  iht.-  uurmai  fun»lu.*'^  wfiile  to  ihe  inner  wide  it  sprei»  t-  -jut  -luit«?  prraiiiuiTly  into  two  or 
Ihrr-e  flat  fnldn.  On  ih#*pr*r!*taof  tllu>  fuULs  ihe  dftachwi  retina  iook»  lighter  ilian  in  the  depre«;iaiiii  be> 
twfien  them.  The  rt-final  vt-s-pl*  nmninjs  downward  from  the  papilhi  «Km  after  th'-y  >*rart  dirapprar 
bebind  tht?  oveThuii  uf  the  detachtnl  portion  of  the  retina,  and  are  apparently  interrupted 

at  thi*  *p*il.     In  '  fcent  cniir^e  they  are  di^tinirui^hed  by  th«*  renrjarkaMy  «harp  hendn  they 

makf  und  wViirh  hi  *]riH  of  the  dc?tached  retina.    The  otiter  «iiie  of  the  opiic  di*»K  ii»  bordereu 

b.  Hti^phir  crt -<  cut,  whirh  ih  about  half  the  width  of  thi*  piipiUa,  and  is  at  tr«  bin  lab)*«  to  the 

ni  «.i^ttnie  in  the  eye.    The  oufhnei'  both  of  this  papilla  and  the  crescent  are  ha^y.    The  reit 

*."(  iw  ift  (cA»cilat«d— ^i,  p.t  display*  the  chorioidal  vea^eU  and  the  dark  inti^rvaMculai-  »pac«a» 


Hence,  the  examination  of  the  field  of  vision  is  of  grtnit  importance  for 
the  diagnosis  of  detachment  of  the  retina.  Direct  vision  is  preserved  as 
long  as  the  detachment  has  not  yet  extended  to  the  site  of  the  macula 
lutea. 

Etiology.— The  retma  simply  lies  upon  the  chorioid  without  being 
connected  with  it  aoyvvhere  except  at  the  papilhi  and  the  ora  serrata. 
In  the  dissected  eye  it  can  be  lifted  from  its  bed  with  the  greatest  ease. 
In  the  li\*ing  eye  the  retina  is  kept  pressed  against  the  chorioid  by  the 
vitreous.     A  detachment  of  the  retina,  therefore,  is  possible  only  when 
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either  the  pressure  exerted  by  the  vitreous  ceases  to  act,  or  when  the 
retina  is  pushed  from  its  bed  by  a  force  greater  than  this  pressure. 

(a)  The  former  variety  of  detachment  occurs  when  through  disease 
of  the  vitreous  the  pressure  exerted  by  it  is  diminished  or  becomes  ab- 
solutely negative — i.  e.,  is  converted  into  a  traction.  This  occurs:  1. 
When  a  pretty  large  quantity  of  vitreous  has  escaped,  in  the  case  of  in- 
juries or  of  operations.  2.  When  shrinking  of  the  vitreous  is  produced 
on  account  of  some  disease  of  it.  The  most  frequent  cases  of  this  sort 
are  those  in  which  the  formation  of  exudates  has  taken  place  in  the 
vitreous  in  irido-cyclitis  or  irido-chorioiditis.  When  these  exudates  be- 
come organized  and  shrink  they  draw  the  retina,  to  whose  surface  they 
are  attached  in  places,  away  from  the  chorioid.  This  form  of  detach- 
ment, it  is  true,  can  not  be  seen  with  the  ophthalmoscope,  inasmuch  as 
the  media  are  too  cloudy,  but  can  be  readily  diagnosticated  by  means 
of  the  softening  of  the  eyeball  and  the  contraction  of  the  field  of  vision. 

When  the  retina  is  detached  from  the  chorioid  by  alterations  taking 
place  in  the  vitreous,  fluid  transuded  from  the  chorioidal  vessels  collects 
between  the  retina  and  the  chorioid,  owing  to  the  negative  pressure 
set  up  beneath  the  retina  by  reason  of  its  detachment.  This  subretinal 
fluid  is  a  quite  albuminous,  usually  rather  yellow  serum,  and  hence 
detachments  of  the  retina  of  this  sort  are  called  serous. 

In  high  myopia  a  serous  detachment  of  the  retina,  which  can  be 
seen  with  the  ophthalmoscope  (Fig.  259),  often  occurs  without  there 
having  been  any  antecedent  inflammation.  It  constitutes  by  far  the 
greatest  of  the  dangers  that  threaten  very  near-sighted  eyes.  The  way 
in  which  the  detachment  is  produced  has  not  yet  been  altogether  cleared 
up.  Most  probably  in  this  case  we  have  to  do  with  the  result  of  changes 
in  the  vitreous.  Such  changes  consisting  of  floating  opacities  and 
liquefaction,  can  actually  be  made  out  with  the  ophthalmoscope  in  the 
myopic  eye.  The  same  is  conjecturally  true  of  the  so-called  senile 
detachment  of  the  retina,  which  sometimes  occurs  in  elderly  people 
without  any  special  cause  and  which  should  probably  be  attributed  to 
senile  changes  taking  place  in  the  vitreous. 

(b)  Much  less  frequent  are  those  cases  in  which  the  separation  takes 
place  in  consequence  of  an  active  propulsion  of  the  retina  away  from 
the  chorioid.  The  causes  of  such  a  propulsion  are:  1.  An  acute  pro- 
cess of  exudation  from  the  chorioid,  as  occurs  in  purulent  chorioiditis 
And  in  phlegmons  in  the  orbit.  2.  Hemorrhage  from  the  chorioidal 
vessels,  whether  spontaneous  or  due  to  injury.  3.  Tumors  of  the 
chorioid  or  of  the  retina,  and  also  a  Cysticercus  developing  beneath  the 
retina. 

The  trealmenl  in  serous  detachment  of  the  retina  must  seek  to  se- 
cure the  absorption  of  the  subretinal  fluid.  This  may  be  accomplished 
by  purely  medicinal  treatment,  i.  e.,  by  diaphoresis,  by  the  use  of  pur- 
jjutives  or  preparations  of  iodine;  and  by  subconjunctival  injections 
of  salt  solution  (see  page  63);    also,  in  case  it  is  tolerated  by  the  eye. 
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by  a  pressure  baodage  upplied  with  moderate  firmness.  Of  operative 
procedures,  may  be  mentioned  the  superficial  cauterization  of  the  öL-iera 
witli  the  galvanoatutery,  after  the  öclera  at  the  site  of  the  detachment 
ha6  been  exposed  by  diöi?ecting  up  the  conjunctiva;  also  puncture  of 
the  sclera  (see  J  155)  for  withdrawing  the  subretinal  fluid  directly. 
We  undertake  puncture  of  the  sclera  when  the  other  mea.sures  ha%'e 
faileil  us,  or  when  at  the  start  we  are  dealing  with  a  Imggy  detachment 
producer!  liy  a  large  amount  of  fluid.  The  puncture  is  made  at  the 
Hpot  where  the  detachment  is  most  pronounced,  for  which  purpose 
the  site  and  extent  of  the  detachment  must  have  been  precisely  de- 
termined beforehand  with  the  aid  of  the  ophthalmoscope.  Only  aa 
much  fluid  is  allowed  to  escape  as  will  flow  oif  spontaneously.  Punc- 
ture, may  if  necessary  be  frequently  repeated. 

In  every  form  of  treatment  the  patient  should  keep  to  his  bed  for 
several  w^eeks,  since  the  detachment  is  increased  in  size  by  movements 
of  the  body.  Hence  it  is  that  patients  with  detachment  of  the  retina 
generally  state  that  they  see  best  in  the  morning  after  prolonged  rest 
in  bed,  and  that  their  sight  gets  worse  again  as  the  day  passes. 

By  these  methods  of  treat nient  it  is  generally  possible  in  recent 
and  not  too  excessive  cases  of  separation  of  the  retina  to  obtain  an  im- 
provement of  the  sight  by  partial  attachment  of  the  retina,  and  in  es- 
pecialh^  favorable  cases  even  to  cause  the  detachment  to  disappear 
completely.  Unfortunately,  it  is  only  in  the  rarest  eases  that  these 
good  results  are  lasting.  As  a  rule,  after  some  time  the  separation 
develops  ane%v,  and  ultimately  in  spite  of  all  our  therapeutic  endeavors 
becomes  total,  so  that  the  firognosis  of  retinal  detachment  in  general 
must  be  characterized  as  very  unfavorable.  The  cause  of  the  recur- 
rences lies  in  the  fact  that  no  treatment  is  able  to  do  away  with  the 
lesion  w^hich  usually  lies  at  the  bottom  of  the  trouble  -namely,  the 
altered  state  of  the  vitreous.  In  inveterate  cases  or  in  total  detach- 
ment of  the  retina,  we  had  lietter  abstain  from  any  form  of  treatment. 
In  total  detachment  of  the  retina,  cataract  usually  develops  later 
on,  the  eye  t)ecimies  soft,  and  a  slight  degree  of  atrophy  of  the  eyeball 
supervenes.  Moreover,  iritis  is  not  infrequent  in  eyes  with  detachment 
of  the  retina. 

When  the  retina  is  detached  by  means  of  a  neoplasm,  enucleation 
of  the  eye  must  be  performed.  A  Cysticercus  occurring  beneath  the 
retina,  may  be  extracted  by  an  incision  into  the  sclera,  and  the  eye  may 
thus  be  preserved  in  a  condition  serviceable  for  vision. 

The  detaclwd  pr^rrinns  of  the  retina,  h<?irig  pushed  fom^ard,  exhibit  a  lowor  degree 
of  refraction  tlum  the  rest  of  tlio  fundiis;  they  are,  in  fact,  generally  very  hypennetropic^ 
(>n  accniirit  of  this  difference  of  refraction  one  can  not,  using  the  erect  image,  see  iho 
detAchecl  and  the  adjoining  portions  of  the  rt^tina  distinctly  at  the  same  time;  it  U>jng 
pooBtble  to  do  this  only  by  meani?*  of  the  indirect  method.  In  order  to  examine  with 
the  erect  image,  we  had  liest  hold  the  mirror  some  distance  off  when  looking  into  the 
eye;  and  at  the  same  time  we  may  place  a  convex  Sen«  (c  g.,  one  of  4-  3  D)  behind 
tfie  mirror.     If  the   retina  is  pushed  very   far  forward    it    can  actually  f«  seen  by 
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lateral  illumination  when  the  pupil  is  dilated;  a  gray  membrane,  with  the  cliarao- 
teristic  retinal  vesseb,  being  recognized  deep  down  in  the  eye. 

The  ophthalmoscopic  appearance  of  a  detachment  differs  according  as  the  case  is 
one  of  serous  detachment  or  of  detachment  due  to  a  tumor  or  a  cjrsticercus. 

In  serous  detachment  of  the  retina  from  the  chorioid,  the  pigment  epithelium 
remains  in  its  place  upon  the  latter.  The  retina,  therefore,  is  at  first  transparent, 
but  very  quickly  becomes  cloudy,  because  it  is  separated  from  the  chorioid,  which  in 
great  part  provides  for  its  nutrition.  The  detached  retina,  accordingly,  has  a  light, 
rather  transparent  gray  color  and  a  dull  luster.  If  some  blood  is  mixed  with  the  sub- 
retinal  serum,  the  detachment  acquires  a  greenish  tinge.  The  retina  lies  in  folds  of 
greater  or  less  size,  whose  tops  show  a  whitish  sheen;  and  it  shakes  all  over  when  the 
eye  is  moved.  The  gray  hue  and  dull  luster,  the  folds,  and  the  tremulousness  of  the 
detached  retina  justify  the  comparison  made  between  it  and  a  gray  silk  or  satin  fabric. 

A  thing  that  especially  characterizes  a  detached  retina  is  the  appearance  presented 
by  the  blood-vessels  that  run  over  it.  Inasmuch  as  these  follow  the  folds  of  the  retina, 
they  are  very  tortuous,  and  some  of  their  bends  are  entirely  concealed  beti^-oen  the 
folds.  The  blood-vessels  are  dark  red,  indeed  almost  black,  as  though  the  blood  cir- 
culating in  them  had  been  altered  in  character.  This,  however,  is  not  the  case,  the 
dark  color  being  really  due  to  the  fact  that  the  blood-vessels  are  in  part  at  least  seen 
by  transmitted  light,  since  some  light  always  passes  through  the  detached  retina  and 
is  then  reflected  from  the  more  posteriorly  placed  chorioid.  The  blood-vessels,  con- 
sequently, look  dark  for  the  same  reason  that  opacities  in  the  media  appjear  black. 

The  sides  of  the  detachnient  may  merge  by  a  gradual  slope  into  the  surrounding 
retina,  or  they  may  be  baggy  and  overlianging.  In  extensive  detachments  the  papilla 
is  partly  or  wliolly  concealed  by  the  overhanging  retina.  Very  flat  detachments  are 
rather  hard  to  diagnosticate.  In  this  case  the  red  hue  of  the  fundus  shows  a  slight- 
gray  cloudiness  in  the  parts  affected,  and  is  traversed  by  low  folds  of  a  rather  lighter 
gray;  but  the  main  thing  that  enables  the  diagnosis  of  detachment  to  bo  made  is  the 
unusual  tortuosity  and  the  dark  color  of  the  vessels.  When  there  is  a  flat  detachment 
in  the  region  of  tlie  macula,  we  can  sometimes  see  at  a  point  corresponding  to  the 
macula  a  pale-red  spot  in  the  detaoliod  retina. 

The  detached  retina  sometimes  exhibits  white  patches,  extravasations  of  blood, 
or  pigmented  spots.  Particularly  often  there  is  found  a  rent  in  it  (ruptura  retince). 
The  rent  lies  generally  in  the  periphery  of  the  fundus,  and  most  frequently  in  its  upper 
part.  The  edges  of  the  tear  gape  and  are  fre<iuently  everted,  so  that  we  can  see  between 
them  for  quite  a  long  distance  the  more  posteriorly  placed  chorioid.  The  latter  owing 
to  its  vivid  red  color  forms  a  marked  contrast  with  tlie  gray  of  the  detached  retina. 
According  to  Iiel)er,  rupture  of  the  retina  plays  an  important  part  in  producing  detach- 
ment in  myopic  eyes,  liquefied  vitreous  passing  through  the  rupture  and  beneath  the 
retina.  This  accounts  not  only  for  the  detachment  itself  but  also  for  its  sudden  develop- 
ment. 

In  the  1)eginning  of  a  detachment  of  the  retina,  objects  frequently  appear  crooked 
{metanwrphojhsia),  in  consetjuence  of  the  oblique  position  of  the  percipient  retinal  ele- 
ments. rS(H?  paije  106. 1  Photopsia.  too,  is  often  caused  by  the  traction  upon  the  rifrtina, 
and  often  gives  the  first  warning  of  the  advent  of  the  detachment. 

The  retina,  wlien  but  recently  separated,  retains  for  some  time  its  sensitiveness 
to  light,  and,  if  it  stxm  becomes  re-attached,  may  resume  its  function  perfectly.  Thus 
there  is  a  possibility  afforded  of  a  cure  of  Oic  detachmenl  in  respect  to  function  as  well 
as  in  other  regards.  Moreover,  it  sometimes  hapi)ens  tliat  the  sight  improves  very  much, 
although  the  detachment  remains  and  is  not  diminished  in  size.  Such  an  apparent 
cure  is  brought  about,  whenever  the  detachment,  after  occupying  the  sitB  of  the  macula 
lutea,  afterward  settles  lower  down,  so  that  the  macula  resumes  its  function,  and  nothing 
is  loft  but  a  periplioral  contraction  of  the  visual  field,* that  causes  but  little  disturbance. 
But  a  real  six)ntancous  cure  of  retinal  detachment  by  re-attachment  of  the  retina  does 
occur.  This,  to  bo  sure,  is  very  rare.  Moreover  it  is  imperfect  in  this  regard;  first, 
that  the  attachment  is  ordinarily  not  complete  and,  second,  that  the  attached  portion 
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of  the  retina  is  so  greatly  damaged  aa  to  have  very  little  functional  power.  As  a  ml© 
auchfi  re-attaelirnent  can  readUy  be  inado  out  with  the  ophtlmlinoscope.  The  fundtm 
in  the  rt»gion  eoiicemeti  i.s  sfxjtfCHi,  aü  in  old  chorioiditis,  owing  to  partial  dii^appear- 
anoe  of  the  pigrnent  epitlicliwni,  and  is  quito  fre^juenlly  tnvverHed  h}-  rectilinear  HtriaB, 
which  are  either  pure  white  or  lined  with  pigment,  and  which  lie  back  of  the  retinal 
vessebi  (retinal  stnmds,  rttirntU  tdriaia).  1'he  whole  afTected  area  i«  demarcated  from 
the  remaining,  normid  fimduH  hy  a  shar^i,  usually  curved  line,  which  ia  yellowish  or 
gray  and  is  encompassed  by  pigment. 

After  a  detachment  has  lasted  some  tirae^  the  retina  1j«H'omes  entirely  atrophic* 
It  hae  tfbeQ  lost  its  sensitiveness  to  light,  and,  moreover.  ljeiHiiTH_*s  again  tranaparent. 


Tm,  260. — CreTicBHcrs  SütmETtNALts  in  a  Woman  Twenty -six  ^'iaus  *>t  Aiit:,  who  hai»  Hcntcmo 
A  SuoncN  Diminution  is  her  Öigut  Two  MuNxat*  putvious, 

n^f»  pfiptllft  i»  ciTirornpii*i*<H|  on  tti(  outer  and  kjwer  «irlp  by  an  irreKiilar  prffloent.     The  region  of 
th-  !  iHiW-  of  the  vyv  \^  occiipiedi  tjy  u  l^laddeMtk»  dttiichiti^iit  *A  (W  retitia.    This  d^taclmient 

hi  ay  tiue,  and  alkm-A  ihe  red  of  ttie  fuiidn».  to  a[ip«ar  thruufcb  it,  although,  dtilly.    Th«  cilRe 

*»t  r  *how«  a  lie;ht-ip-äy«  »dky  luaUir,  w!iklc  in  the  c<Hiitor  of  tlie  bladder  a  bnght  yeUfowiab- 

1*  i  -  ^  i^lhlfc»  which  roTT*»sp<j[id?*  U»  the  animaJ's  head.     The  retinal  vessels  run  up  upon  the 

l>^  1'    -howin«  any  marktMt  iic-nd  as  t)iey  pa«*'*  It-s  iMlire«.     The  liladder  displaya  active  spon- 

tit  .    IM  rtt«,  in  which  th^  ri»n(ral  white  speck  ir^hansei'  Its  position,  nhap«»,  and  ditw,     B«twt«n 

tb*»  papilla  and  th»  innc^r  «ige  of  thp  bladder  is  an  in^ffuJar.  hj)i;ht-<?c)lorefJ  specie  in  thp  retioii  lyinK 
beneath  »  «mall  retinal  vep(»eK  T>;e  ypp(»r  part  of  the  funduis  ii«  of  &  uniform  re«l,  the  lower  is  somewhat 
albinotic,  no  that  1)ir  «lark  rhorioit^lal  v(»«9et:<  ^tand  out  di!>tinctLy  upun  the  hright-red  hlackK^roiind^ 

At  tlie  same  time  the  recognition  of  the  detachment  by  means  «if  the  ophthalmoscope 
t}ecx>mes  rmire  dilfictilt,  l)eing  n*)w  rtt:ide  mainly  from  the  nnninalous  characters  pre- 
sented by  the  vesst^s.  For  detachment  *)f  the  retina  in  castas  of  tumor  of  the  chtrUyUi , 
me  imge  455. 

L  In   cyMtinrnui  ftiiftreiitmlin  a  rounded^  mther  Bliarply  circtiiiiscrÜK^d  detachmi^nt 

fcj^ii  fotind,  beni»Ätli  whicli  may  ito  mcogni/ed  the  bhiLsh-gray  Cysticercus  bladder  with 
■*J^  ligliter  colore*!  margin  (Fig.  2€i0).    The  defaclied  retina  is  not  tremulous,  but  spon- 
l^j^MMUs  movem€hts  may  be  made  out  through  it  taking  place  in  the  bladder. 
f  Mn  its  later  stages*  a  detachment  of  the  retina,  whatever  its  origin,  is  fre*|iiently 

tnade  inaceesaible  to  obser\'atifin  with  the  ophthiilmoscopt?,  owing  to  turbidity  of  the 
media,  especially  of  the  lens  and  \ntreoiis,  and  hence  the  dia^osis  is  rendered  difficult 
or  impcissible.  In  such  cases  the  diagnosis  must  l>e  based  tipon  two  factors — upon 
the  fi^itl  of  wiwii  and  live  intm-^Hiitar  tensvm.     If  qualitative  vision  is  It^st  on  afcoiuit 
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of  the  turbidity  of  the  media,  the  field  of  vision  must  be  tested  with  the  candle  flame 
in  a  darkened  room  (see  Remarks  under  §§  156  and  157).  In  detachment  of  the  retina 
a  corresponding  limitation  of  the  field  will  then  be  found.  The  intra-ocular  tension 
in  detachment  of  the  fetina  is  generally  reduced,  because  the  volume  of  vitreous  is 
diminished;  for  the  same  reason  the  anterior  chamber  is  often  found  to  be  deepened, 
because  the  lens  has  sunk  backward.  When  in  advanced  cases  of  irido-cyclitis,  indo- 
chorioiditis,  or  complicated  cataract  we  find  limitation  of  the  visual  field  and  reduction 
of  the  tension,  we  are  warned  that  complete  blindness  due  to  total  detachment  of  the 
retina  and  subsequent  atrophy  of  the  eyeball  is  imminent. 

In  that  form  of  detachment  of  the  retina  which  is  produced  by  active  propulsion 
of  the  retina  away  from  the  chorioid,  the  tension  is  not  diminished,  but  rather  is  in- 
creased. Hence,  increase  of  tension  with  detachment  of  the  retina  is  in  doubtful  canes 
an  argument  that  an  intra-ocular  tumor  is  the  cause  of  the  detachment  (Von  Graefe). 

Among  the  causes  of  detachment  of  the  retina  must  be  mentioned  scars  that  re- 
main after  perforating  wounds  in  the  region  of  the  sclera.  Such  scars  may  be  produced 
by  accidental  traumatism  or  by  operation  (page  336).  They  attach  the  retina  to  the 
chorioid  and  the  sclera,  and  by  their  subsequent  contraction  cause  a  strain  upon  the 
retina  that  leads  to  its  detachment  from  its  bed. 

IV.  Glioma  op  the  Retina. 

99.  Glioma  is  the  only  neoplasm  which  occurs  in  the  retina.  It  is 
found  only  in  children.  In  a  case  of  it  the  parents  notice  thaf  a  brigKt , 
whitish,  or  golden-yellow  reflex  emanates  from  the  pupil,  which  some- 
times  even  is  noticeable  at  a  aistance.  I'or  this  reason  the  disease  since 
the  time  of  Beer  has  been  known  as  amaurotic  cat's  eye:  amaurotic, 
because  the  eye  is  blind;  and  cat's  eye,  because  it  shines  like  cats'  eyes 
in  the  dark.  If  such  an  eye  is  examined  by  focal  illumination,  we  recog- 
nize as  the  cause  of  the  reflex  a  light-colored  nodular  mass  (the  degen- 
erated retina)  situated  behind  the  lens  and  covered  over  with  minute 
vessels. 

The  subsequent  course  of  the  glioma  shows  the  same  stages  that  we 
have  learned  to  recognize  in  the  case  of  chorioidal  tumors  (see  page  453). 
In  the  first  stage,  inflammatory  symptoms  are  absent;  the  disease  mani- 
fests itself  only  in  the  light  colored  reflex  and  the  blinding  of  the  eye. 
The  second  stage  is  characterized  by  the  development  of  increase  of 
tension.  The  eye  becomes  irritated  and  painful,  and  the  child  begins 
to  suffer.  Afterward,  in  the  third  stage,  the  tumor  prows  out  from  the 
eye,  first  of  all  ülonp;  th^  nntip^  i^pryp,  then  in  other  places  as  wetl,  psLT- 
ticularlv  through  the  corneg.  or  in  its  vicinity.  The  eye  at  length  is 
transformed  into  a  large,  ulcerated,  painful,  and  readily  bleeding  mass, 
which  fills  the  whole  orbit  and  projects  out  between  the  lids.  In  the 
fourth  stage  the  tumor  spreads  to  remote  organs.  Through  transfer 
by  continuity  it  passes  along  the  optic  nerve  to  the  brain;  and  by  way 
of  metastasis  it  spreads  to  the  neighboring  lymphatic  glitnds  and  also 
to  the  most  various  internal  organs  (most  frequently  to  me  liver).  The 
children  finally  die  either  from  exhaustion  of  from  the  spread  of  the 
neoplasm  to  vital  organs,  especially  the  brain.  The  course  of  thB  dis- 
>ftsp  from  its  vej-y  outset  to  its  fatal  termination  usually  extends  over 
»so vera!  years. 


Glioma,  as  a  rule,  attacks  only  one  eye,  although  numerous  bilat- 
eral cases  have  also  been  seen.  It  is  found  in  childreu^onty,  and  inostly 
before  the  filth  year  of  life,  Often  it  is  observed  at  such  an  early  age 
that  lis  begmning  must  be  dated  back  to  fetal  life.  This,  as  well  as 
the  fact  that  several  children  in  the  same  family  are  one  nftf^r  finothpr 
afTected  with  g:lioma,  woulJ  ar^ue  that  the  cause  of  it  is  in  many  cases 


to  be  looked  for  in  a  congenital  vice  of  development*  *^**^ 

Treatment    consists    iii^   the    promptest    possible    removal    of    the 

neoplasm.    So  long  as  the  growth  is  still  confined   tu    the   eyebal[,  it 

IS  sufficient  to  enucleate  the  latter. 

in    doing:   which    we  take    rare    to 

di vide  the  optic  nerve  as  farjjack 

as  possible.     In  such  cases  we  may 

hope  Tor  a  |>ermanent  cure.     When 

the  tumor  has  perforated  the  eye- 
ball and  is  growing  outside  of  it, 

but   is   still   confined   to  the  orbit. 

completeTetnoval  of  the  neojilasm 

can  still  be  attained  through  ^jy;^ 

tej^on   of  the  orbit    (sec  §   167). 

But  in  this  case  rapid  recnrrf^j|Cf>H 

both  in  loco  and  ■»  t hn  iM^|cr]ii>Qnng 

lymphatic   glands   seldom    fail    to 

ojjQjr.  Nevertheless,  even  in  such 

eases    the   operation   is   indicated, 

because  by  the  removal  of  the  local 

focus  of  disease  the  child  is  spared 

nmch  suffering. 

From  what  has  been  said,  the 

prognosis  is  favorable  only  when  the 

operation  is  performed  very  early. 

Glioma  retiniP  (Virchow)^  in  contra- 
dislinrtiün  t<i  intra-«jeular  s*arcorTiata,  is 
never  pigmented.  It  dovelopH  ordi riarjl y 
from  the  two  gninulMr  layrr.s  ul  flu^  n-n'mi 
and  niatniy  fnirti  ilü'  imur  ^mnyLir  layer. 

Tlie  TiimoT  IS  t'ornfxj^etl  of  srtiall  tellä  anfl  a  vcty  t^oft  basement  sul^atanci*  (Fig.  262). 
Tl>e  cells  conaii^t  of  a  micleii«  surrounded  by  a  very  scArUy  amount  of  protoplasm 
which  ixi  niany  spots  poöseHses  minute  processes. 

In  many  case«  w©  find  cells  having  tlm  *ihaf>e  of  cylindrical  epithelial  c^lls^  arrange<l 
about  an  open  space,  bo  tliat  the  whole  is  like  the  crtiss  aei-Oon  of  a  gland  tuhiile  {rot?ettes 
of  Winterst^iner:  Fig,  2ö2).  The  niultipliration  of  the  tumor  eolLs  takow  place  mainly 
in  the  immediate  vicinity  of  th«  numerotis  wide  hlood- vessels.  Here,  therefore,  are 
situated  the  youngest  cells,  which  keep  jniwhing  the  ohler  ones  further  and  further 
away  from  the  nutrient  vessels.  The  older  ceH4ayer8  conÄCtpieiitlv  imdorgo  necrosi«. 
Thus  in  many  cases  the  structure  of  the  tumor  Incomes  tubular,  the  vessels  being 
surrounded  by  envelopes  of  living  cells  and  lying  with  these  cells  in  the  midet  nf  a 
necrotic  mass.  The  prnciws  of  overgrowth  of  the  retina  leads  to  its  irregular  thicken* 
ing,  and  consequent  ly  to  folding  and  detaclinient  of  it ;   l>ut  in  many  cases,  as  Fig.  261 


N  ^ 

Fio.  261. — Gltoka  of  thb  Rm»A, 

Magnified  2X1. 

Thp  f^lioma  ha»  npread  over  tlif^  entire  ex* 
tent  of  thfi  TDtina.  The  latter  on  lU  ntuin\  «ide^ 
n,  littJi  been  completely  consxjmed  iti  the  forma-' 
tioo  of  the  new  gcrowth,  whUe  on  the  temporft? 
side,  t,  the  external  retinal  layerji  iire  sOll  in 
plaMces  prG!M?r\ed  (at  a),  llw  pHeudoplM^ia  altio 
cov^er«  the  optic  papilla^  N^  into  the  excavation 
of  which  it  penetrat««.  In  the  anterior  ieg- 
ment  of  Mie  yiireous  he  isolated  nodulea,  the 
larKeM  uf  which,  k,  if«  connectwi  with  the  ora 
perrata.  The  anterior  segment  of  the  eyeball 
ttbowi«  the  effect»  of  the  increa**e  of  tension;  that 
iw,  showH  on  the  nasal  i^ide  the  appoivition  of  the 
root  of  the  iris  to  the  «clero-eorneal  juru-tiori, 
while  at  the  point  corre«tpoDdir>K  to  this  on  the 
temporal  side  tbe  precunior  of  a  staphyloma 
intercjilaro  ran  bo  perceived  under  the  form  of 
fui  excavation,  b. 


CHAPTER  XI. 


DISEASES  OF  THE  UF*'l'Ii^  NERVE. 


Anatomy. 

100,  The  optic  nerve  (nervus  opticus)  collects  its  fibers  from  the 
retina,  and  passes  from  the  eye  through  the  orbit  and  through  the  op- 
tic foramen  into  the  cavity  of  the  skulL  Hence,  three  divisions  are 
distinguished  in  the  optic  nerve:  (a)  The  intra-ocular  termination, 
which  is  found  within  the  sclera;  (b)  the  orbital  portion  from  the  eye- 
hall  to  the  optic  foramen;  and  (c)  the  intra^cranial  portion  from  the 
optic  foriimcn  to  the  chiasm. 

(a)  Inira-ocular  Division  of  the  Oj^ic  Nerve. 

To  get  from  the  retina  to  the  exterior  of  the  eye,  the  optic  nerve 
niUöt  pierce  the  chorioid  and  sclera*  The  spot  where  this  takes  place 
lies  a  little  to  the  inner  side  of  the  posterior  pole  of  the  eye  (Fig.  145). 
The  opening  in  the  sclera  through  which  the  optic  nerve  leaves  the  eye 
is  called  the  foramen  sclera\  and  really  consists  of  a  short  canal  (sclerot- 
ico-chorioidal  canal);  the  segment  of  the  optic  nerve  lodged  in  this  is 
its  intra-scleral  portion.  Accurately  sjieaking,  a  complete  aperture 
for  the  optic  nerve  exists  neither  in  the  sclera  nor  in  the  chorioid,  but  the 
two  membranes  conduct  themselves  as  follows:  The  external  laoiellEP 
of  the  sclera,  which  occupy  about  two  thirds  of  its  thickness,  are  not 
perforated  by  the  optic  nerve  at  all,  but  are  reflected  backward  upon  it 
to  form  its  exterior  sheath  (Fig.  263.  D),  The  innermost  lamellte  of 
the  sclera,  on  the  contrary,  stretch  over  the  foramen  sclera*,  and  are 
perforated  by  numerous  openings  designed  for  the  passage  of  the  sep- 
arate funiculi  of  the  optic  nerve.  In  a  similar  fashion,  a  few  fibrous 
bands  from  the  chorioid  are  also  continued  over  the  foramen  sclera?. 
Within  the  latter,  therefore,  the  optic  nerve  is  traversed  by  numerous 
septa  of  tongh  connective  tissue.  These  form  the  lamina  cribrosa, 
which  bridges  over  the  foramen  sclercc,  and  is  so  called  because  it  is 
everywhere  pierced  by  funiculi  of  the  optic  nerve.  (Seen  in  sagittal  or 
longitudinal  section  in  Fig.  263,  in  frontal  or  cross  section  in   Fig.  266.) 

If  we  look  at  the  optic-nerve  entrance  in  longitudinal  section,  w^e 
see  that  at  its  point  of  entrance  into  the  sclera  it  is  narrowed  down  in 
conical  shape  (Figs,  263,  264),  so  that  the  spot  corresponding  to  the 
Umina  cribrosa  is  the  slenderest  portion  of  the  optic  nerve.  This  narrow- 
ing of  the  optic  nerve  appears  still  more  marked  when  we  consider  that 
at  the  sit-e  of  the  lamina  cribrosa  the  connective-tissue  septa  are  par- 
ticularly numerous  and  of  large  size.     The  space  left  for  the  nervous 
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constituents  of  the  optic  nerve  is  hence  very  considerably  reduced  at 
this  spot.  (Compare  Fig.  265  with  Fig.  266.)  How,  then,  is  it  possible 
that  the  bundles  of  nerve  fibers  can  go  through  this  narrow  passage? 
A  glance  at  the  longitudinal  section  of  a  fresh  optic  nerve  gives  the 
explanation  of  this.  Such  a  section  shows  the  nerve  to  be  white  as  far 
as  the  lamina  cribrosa,  while  in  front  of  it  it  is  of  a  transli^cent  gray. 
The  white  hue  of  the  optic  nerve  in  its  extra-ocular  portion  depends 
upon  the  fact  that  the  optic-nerve  fibers  here  are  meduUated,  and 
therefore  opaque  (Fig.  264).  In  their  passage  through  the  lamina  crib- 
rosa the  nerve  fibers  lose  their  medulla,  and  consequently  become 
transparent;  hence,  the  translucent,  gray  appearance  of  the  head  of 
the  optic  nerve.  With  the  loss  of  the  medulla  the  diameter  of  each 
individual  nerve  fiber  diminishes  very  considerably,  so  that  their  ag- 
gregate bulk  finds  room  in  the  narrow  foramina  of  the  lamina  crib- 
rosa. 

The  lamina  cribrosa  plays  an  important  part  in  pathological  pror 
cesses.  In  the  first  place,  it  is  the  weakest  spot  of  all  the  tunica  of 
the  eye,  being  here  constituted  only  by  the  innermost  layers  of  the 
sclera  (together  with  a  few  fibers  of  the  chorioid),  which,  moreover, 
are  perforated  by  the  foramina  for  the  bundles  of  fibers  of  the  optic 
nerve.  Hence,  in  case  of  increase  of  tension,  this  spot  is  the  first 
to  give  way.  In  the  normal  eye  the  lamina  cribrosa  runs  straight, 
or  with  but  a  slight  backward  curvature,  across  the  optic  nerve. 
With  increase  of  tension,  it  recedes  more  and  more,  and  thus  forms 
the  glaucomatous  excavation.  A  second  reason  for  the  production  of 
pathological  changes  lies  in  the  fact  that  within  the  foramen  sclerae,  and 
particularly  within  the  limits  of  the  lamina  cribrosa,  the  optic  nerve  is 
tightly  inclosed  between  firm,  fibrous  walls,  a  thing  that  occurs  at  no 
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Magnified  60  X  1. 

In  its  passage  through  the  scierotico-chorioidal  canal  the  optio  nerve  shows  an  irregular  conical 
contraction.  The  fibers  of  the  nerve  are  collected  into  bundles,  n.  separated  bv  septa,  «.  Under  the 
form  of  rows  of  nuclei,  which  belong  to  the  nemt^lia  ceUs.  the  continuation  of  the  septa  can  be  fol- 
lowed to  the  head  of  the  optic  nerve.  The  axis  of  the  nerve  is  occupied  by  the  central  vein,  v.  and 
the  central  artery,  a,  which  is  situated  to  the  nasal  side  of  the  vein.  The  optic  nerve  is  travented 
transversely  by  the  lamina  cribrosa,  which  separates  the  trunk  from  the  head  of  the  nerve.  The  fibers 
of  the  lamma  cribrosa  arise  from  the  wall  of  the  scleral  canal,  traverse  the  nerve  in  a  slightly  con- 
cave arch  (the  concavity  being  directed  to  the  front),  and  are  inserted  into  the  connective  tissue  that 
accompanies  the  central  vessels.  About  at  the  level  of  tbe  inner  Icyers  of  the  chorioid.  the  ner\'e 
fibers  diverge  like  a  sheaf,  so  as  to  form  a  funnel-:»haped  depression — the  vascular  funnel,  O.  More 
fibers  pass  to  the  nasal  than  to  the  t«mporal  side  of  the  papilla,  for  which  reason  the  former  side  is  the 
higher.  The  fibers  of  the  optic  nerve  pass  over  into  the  fiber  layer  (1 ),  of  the  retina.  Succeeding  this 
are  the  other  layers  of  the  retina,  namely  the  layer  of  ganglion  cells  i£),  the  inner  granulated  or  plexi- 
form layer  (5).  the  layer  of  inner  granules  or  bipolar  cells  (A),  the  outer  gitmulated  or  plexiform  layer 
(5);  the  layer  of  outer  granules  or  of  the  bodies  of  tbe  visual  cells  id),  the  limitans  externa  (7).  and  the 
layer  of  rods  and  cones  {8).  The  layers  of  the  retina  stop  short  at  the  head  of  the  optic  nerve,  the  outer- 
most layer,  8,  extending  the  furthest  in.  The  innermost  fibers  of  the  solera,  which  form  the  wall  of  tbe 
scleral  canal,  accompany  the  optic  nerve  backward  and  form  its  pial  sheath,  P,  which  is  in  intimate 
relation  with  it.  At  a  i>oint  further  back  from  the  nerve-head  the  outer  layers  of  the  sclera  are  re- 
flected backwards  and  form  the  dural  sheath,  D,  which  envelopes  the  nerve  loosely.  Between  these 
two  sheaths  lies  a  third,  the  arachnoid  sheath,  A,  which  divides  the  intervaginal  space  of  the  optic 
nerw'e  into  the  subdural  space,  td,  and  the  subarachnoid  space,  aa.  Anteriorly  both  end  by  a  cul-de- 
sac  in  the  substance  of  the  sclera,  b  is  the  cross  section  of  one  of  the  numerous  subarachnoid  trabeo- 
ukc  which  connect  the  arachnoid  to  the  pial  sheath.  In  the  wall  of  the  scleral  canal  is  seen  th<»  croca 
Hertion  of  some  blood-vessels,  belonging  to  Zinn's  scleral  circle  (page  368).  Between  tbe  sclera,  iS,  and 
the  retina,  R,  lies  the  chorioid,  Ch.  The  innermost  layer  of  the  latter,  the  lamina  vitrea,  tO,  is  the  one 
that  extends  the  furthest  in  toward  the  nerve-head,  and  the  fibers  of  the  nerve  are  constricted  by  tbe 
edge  of  the  lamina.    Upon  the  lamina  vitrea  lies  the  pigment  epithelium,  9,  which  belongs  to  the  ret- 
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iim  unI  which  im  tb«'  naial  sU\^  <».xt<'nd."'  hj»  f&r  »<■  the  larntnii  vjtr«i.  bat  oo  the  l«?mpöral  side  «top« 
«onMfWhiit  »hört  of  it.  On  t»üth  *»id<?«*  rhf»  piKiriPiii  cpitheliimi  «e«,i  tr*  tw  thicker  and  iiiur*  pismi^iiled 
Coward  »f*  «^igf — ■.  »tAl«  of  thino^  whirh  answer»  to  ihp  rbor ioitfal  rinjj  (hat  vnn  bc  *epu  with  th«  oph- 
ihttlniOffpOTH!.  Th«  morcwclinK  i»yer»  of  the  chorioui,  rh«?  ehorifj-eapilUrt*,  //,  »ml  »hi»  layer  of  me- 
dium «nd  liLrge  !<viattd  venels.  if.  do  not  ext«nd  quite  up  to  the  optic  nt^rv*^  oti  the  t^inponkl  nide, 
faccsuf«  •  likycw  of  connective  tinsuir  reprcwentiag  a  contmuation  of  tine  ectera  jut«  In  b«tw«eD  the  two. 


Fio.  2flG^ — Fbont/ll  Skctio**  TunorrjH  Tnr,  Trdnk  or  the  Omc  Nbhvk  »miNi»  mm  _, , 

Cribho^a.  Mfu;nifi<Mi  50  K  1.  Th«  ecpta  start  früm  ll»e  piai  sheath,  P,  They  traverse  the  optic  nenre, 
br&tiDhintp  rep«aterily  and  farming  ntimeruu»  intercoaiie<^tion^,  and  join  with  the  eoanective  tj^tue,  o, 
which  »urround«  th«  central  vc^^pf.  b. 

Fio.  26ft. — Frontal  SEtmoN  tmrouoh  thf:  same  Nerve  at  the  Lkvel  or  thr  Lamiiva  Cbi, 
Mitff^nihed  .TOX  1.    The  nepta,  S^  it^tariin«  from  the  waJl  of  the  ficleral  canal  ar«»  rc»mpacl  and  bi 
run.  fortiiiriif  a  di'tif*  plexu^i,  through  the  entire  optic  iiftrve  as  far  na  the  rouncetive-tjfipu«  invi__ 

o,  of  thp  cMitral  vchj^pIb.     In  the  vicinity  of  tho  latter  the  jrb]>?  bf^tweem  the  wpta  »re  Uirger  than  , „ 

periphery  of  the  Ti<^rk'<"»  because  in  th*^  former  !i«pot  the  section  falb  «>ritnewhftt  in  front  of  the  dcaisit 
porlioii  of  i}ie  laminu.  For,  üincf?  the  Inmina  A»  a  whole  curves  luightly  backwards,  it  caa  aever  eoon- 
pletely  ctiincide  with  the  plane  of  tlie  section. 


That  portion  of  the  optic  nerve  situated   in   front  of  the  lamini 
rribrosa,  in  the  interior  of  the  eye  itself»  is  the  head  of  the  optic  nerv 
(papiüa  nervi   optiri).     It  is   the  part  of  the  optic  nerve  which  even 
during  life  can  be  seen  by  means  of  the  ophthalmoscope.     The 
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papilla  was  selected  by  the  older  authors  under  the  erroneous  impres- 
sion that  the  head  of  the  optie  nerve  represented  a  projection  into  the 
interior  of  the  eye.  This,  however,  is  the  case  only  in  pathological 
conditions— e.  g.,  in  inflammatory  swelling  of  the  papilla.  In  the  nor- 
mal  state,  the  latter  is  perfectly  flat,  so  as  to  lie  in  the  same  plane  as  the 
retina,  or  it  actually  has  a  central  depression  (G,  Fig.  263).  The  way 
in  which  this  latter  is  produced  is  that  the  fibers  of  the  optic  nerve  be- 
gin to  separate  from  each  other,  not  at  the  level  of  the  retina  but  below 
it,  so  that  a  fynnel-shaped  depression  is  produced  from  which  emerge 
the  central  vessels  of  the  optic  nerve>  This  is  the  normal  vascular 
funnel ♦  which  quite  often  expands  into  a  pretty  extensi%*e  depression, 
the  ph3*siolosical  excavation. 

(6)  Orbital  Division  of  the  Optic  Nerve, 

The  optic  nerve  on  its  way  from  the  eye  to  the  foramen  opticum 
makes  an  S-shaped  bend  (0,  Fig.  145).  Owing  to  this,  the  eyeball  can 
move  freely  within  wide  limits.  For  the  movements  of  the  eye  take 
place  about  a  center  of  rotation  which  lies  nearly  in  the  center  of  the 
eyeball.  Hence,  when  the  cornea  is  turned  toward  one  side,  the  poste- 
rior pole  of  the  eye  gc»es  about  as  far  to  the  opposite  side.  And  so  for 
all  excursions  of  the  cornea  there  are  corresponding  t>nes.  as  large  in 
extent  but  in  the  opposite  direction,  of  the  posterior  pole,  for  which 
reason  the  latter  must  be  freely  movable.  If  now  the  optic  nerve  were 
stretched  in  a  straight  line  between  the  eyebajl  and  the  optie  foramen, 
it  would  keep  the  pfjsterior  segment  of  the  eyeball  fast  in  its  place,  and 
hinder  the  movements  of  the  whole  eye.  We  see  a  confirmation  of  this 
in  those  eases  in  which  the  optic  nerve  is  put  on  the  stretch  by  protru- 
sion of  the  eyeball  from  the  orbit.  The  more  pronounced  the  exoph- 
thalmus,  the  greater  is  the  restriction  of  motility  of  the  eyeball.  In 
the  normal  state,  the  cjptic  nerve,  on  account  of  its  S-shaped  curvature, 
is  longer  than  tlie  distance  between  the  eye  and  the  optic  foramen,  so 
that  by  straightening  out  it  can  follow  the  changes  of  place  of  the 
posterior  pole  of  the  eye. 

The  orliital  portion  of  the  optic  nerve  consists  of  the  trunk  of  the 
nerve  and  the  shcittlis  enveloping  it, 

(a)  The  trunk  of  the  optic  nerve  is  composed  of  nerve  fibers  and 
connective  tissue.  The  nerve  fibers  vary  greatly  in  caliber  and  are  ex- 
tremely numerous,  their  amount  being  estimated  at  half  a  million  or 
more.  Most  of  lliem  are  centripetab  but  there  are  also  some  centrifu- 
gal fibers  in  the  optic  nerve.  Lying  between  the  fibers  as  a  supporting 
and  insulating  substance  is  the  neuroglia  tissue.  The  nerve  fibers  are 
combined  into  bundles  («,  Fig.  263)  which  run  parallel  to  one  another^ 
and  anastomose  by  a  mutual  interchange  of  fibers.  Between  the 
bundles  lies  the  connective  tissue  which  furnishes  the  supporting  frame- 
work for  the  entire  optic  nerve.  It  forms  thick  or  thin  septa  w^hich 
are  everywhere  connected  and  traverse  the  entire  optie  nerve  (Fig.  263, 
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r«;  Fig.  265).    Between  the  outer  surface  of  a  nerve  bundle  and  the  inner 
surface  of  the  septa  is  found  a  space  which  acts  a^  a  lymph  cavity. 

(Ö)  The  shealks  of  the  optic  nerve  are  three — ^an  interior,  a  middle,] 
and  an  exterior  one.  As  these  originate  from  the  three  enveloping] 
meiTibranes  of  the  brain,  they  are  designated  by  the  names  of  the  plain 
arachnoid,  and  dural  sheaths  (Axel  Key  and  Retzius),  The  inner  orj 
pial  sheath  (P,  Figs.  263  and  26*5}  closely  embraces  the  trunk  of  the 
optic  nerve.     F>om  it  the  bands  of  connective  tissue,  which  form  the 
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Flo*  26T.---<?ROBft  SiccTioN  or  the  Optic  Nkrve,  with  Athophy  of  THt  Pafillo-macular  Bcinii»la 
(Sfc-tion  made  4  Ulf.  behind  mc  £Yi;aAi.L).    MjiguiEed  15  X  1. 

The  oplic  »ervc  iä  enveloped  in  the  dtiral  fiheatli.  du, «the  arachnoid  !«h«ttth.  «r,  and  the  pial  «hcB«h,  , 
tj.     Hetwe«n  the  firvt  and  second  iü  found  t hi*  subdural  !<paoe,  td^  betwetm  the  second  and  thini,  ih«  j 
On  the  outer  and  upp«r  üide  of  ttue  center  of  the  iMWtiou  Ij  «»en  the  centfal  I 


«lubaracitiioiid  ipace,  <  .  . 

artery,  ra;  and  more  centrally  in  seeD  the  central  vein,  The^e  are  »urroundefl  by  the  crofls  A^etioain  of 
the  nerve  bundle*.  6,  which  are  separated  from  each  other  by  the  »epta.  4,  of  eonne«tive  ti«!«ue.  At  the 
temporal  ^ide,  a  wedge- shaped  »^eKiuent,  pm,  im  di^tin^uii^hed  from  Ihe  rest  of  the  crosa  iection  of  th« 
nen-f  hy  ita  paler  color.    This  repre«ents  the  atrophic  papillo-tnapular  bundle. 


of  it  the  croaaaeeti 
i^pnndingly  broadar* 


.    .  Within  tbe  ooaJaoea 

!  of  tbe  nerve  bundle»  are  narrower«  and  tl^fepta  of  eotinc^tive  itaau«  m 


septa,  pass  into  the  interior  nf  the  neiTcrnitid' i^ithnhem  pass  the  blood 
vesst^lR.    The  exterior  or  dural  fiheath(:^r1^i^.''2t»3^rid  dxi.  Fig.  267)  i 
much  thicker  than  the  interior^heatilr  itiKl  surfoüfids  the  nerve  loosely 
By  reason  of  this,  a  pretty  broad  space — the  intervap:inal  space^is  left 
between  it  and  the  internal  sheath.     The  middle  or  arachnoid  sheath 
(.1,  Fig.  263  and  «r,  Fig.  267)  is  a  very  delicate  pellicle  which  for  the 
most  part  is  intimately  attached  to  the  dural  sheath*    It  is  united  b; 
manifold  trabeculje  of  connective  tissue  to  the  external  and  internal 
shcatlis.     It  di vieles  the  intervaginal  space  into  two  portions,  the  sub- 
dural {sd)  and  subarachnoid  (sa)  spaces,  wliirh  ctmimunicate  wnth  the 
cerebral  spaces  of  the  same  names.     These  ap]>ear  particularly  promi 
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lent  in  Fig.  275»  where  they  are  pathologirally  dilated  by  an  accumu- 

ition  of  fluid.    Tlie  surfaees  of  the  sheaths  that  are  turned  toward  these 

spaces  are  provided  with  an  endotlielial  coating,  so  that  these  spaces 

are  lined  completely  witli  endothelium,  and  must  be  regarded  as  lymph 

_channels  (Schwalbe). 

Upon  the  eyeball  the  three  sheaths  become  united  to  the  sclera. 
Phe  exterior  and  middle  sheathij  pass  into  the  outer  two  thirds  of  the 
sippi :     t lie   inner  sheath    goes    to    tlif    iniHvrninst    Inroflhr  of   tlif   svU-th 

P^Tiicb  form  the  lamina  eribrosa,  and  it  is  also  connt^cted  with  tj|e  ehnrioid 
'he  mtervaginal  space  en<ls  hy  a  c'ul*de-sac  situated  within  the  sclera. 
Posteriorly  the  three»  sheaths  are  continuous  with  the  corrcspondinj?  mem- 
ranes  of  the  brain. 
The  blood-vessels  pass  from  the  plal  sheath  into  the  optic  nerve.  In 
addition,  in  the  anterittr  portion  of  the  orbital  division  tliere  are  found 
^the  central  vessels  of  the  optic  nerve.  The  central  artery  is  a  branch  of 
^■he  ophthalmic  artery;  the  central  vein  empties  into  the  sujjerior  oph- 
thalmic vein  or  directly  into  the  cavernous  sinus.  Both  vessels  enter 
the  optic  nerve  on  its  lower  and  inner  side  at  a  distanct*  of  10  to  20  mm. 
behind  the  eyeball  (Fig,  14/>.  e)  and  run  in  the  axis  of  tlie  nerve  as  far  as 
.the  papilla,  where  they  divide  into  the  retinal  vessels, 

(c)  hUracranlal  Sect  ion  of  the  Optic  Nerve. 

The  optic  nerve  leaves  the  orbit  through  the  optic  foramen.     The 
itter  really  forms  a  short  bony  canal  (canalis  opticus),  which  contains 
esides  the  optic  nerve  only  the  ophthalmic  artery  (lying  on   the   inner 
kide  of  the  optic  nerve).    Owing  to  the  fact  that  the  optic  nerve  within 
%e  canalis  opticus  is  tightly  inclosed  by  the  bony  w^alls  of  the  latter,  this 
Bction»  just  like  the  intra-seleral  portion  of  the  optic  nerve»  has  a  par- 
ticular predisposition  for  morl>id  affections.     Such  aiTections  consist  in 
inflammation,  in  compression  of  the  nerve  through  thickening  of  the 
)x»ne,  and  in  its  contusion  and  laceration  in  case  of  fracture  of  the  bony 
wall  of  the  canal. 

The  i  n  t  r  a  cranial  po  r  t  io  n  of  the  optic  nerve  extends  from  the  optic 
)ramen   to  tlTe^'hiasm;    is  therefore  short  (scarcely  one  centimetre). 
It  is  flattened  and  is  enveloped  only  by  the  lu^^l  <;hpjith    since  the  other 
two  shprttl^s   after  passuig   through   tiLeVjli tic   foramen  become   united 
with  the  two  outer  inenibinnes  i^l  Hie  l>rain> 

►  Continuation  of  the  Fibers  of  the  Optic  Nerve 

to  the  Cerebral  Cortex. 
The  two  optic  nerves  join  together  in  the  chiasm,  where  they  form 
an  mtimate  anastomosis,  and  then  on  the  posterior  side  of  the  chiasm 

make  their  appearance  again  as  the  optic  tracts.     The  chiasm  lies  in 

the  optic  groove  of  the  l>ody  of  the  sphenoid  bone,  directly  in  front  of 
the  infundibulum  and  above  the  hypophysis.    Starting  from  the  chiasm 
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the  optic  tracts  pass  backward,  diverging  as  they  go,  and.   winding 
about  the  cms  cerebri,  arrive  at  the  primary  subcortical  optic  centers. 


.  PupU 

'  Accvmmttf/oiiim 


Fia.  208. — Schematic  Retbesentation  of  toe  Optic  Pathway. 


The  field  of  vision  common  to  the  two  eyes  i»  composed  of  a  right  half,  (/,  and  a  left  half,  Gi,  The 
former  correnpond»  to  the  left  halves,  /  and  /i,  of  the  two  retime,  the  latter  to  the  right  halves,  r  and 
rv.  The  boundary  between  the  two  halves  of  the  retina  is  formed  by  the  vertical  miuidian.  This 
passes  through  tlie  fovea  centralis,  f,  in  which  the  visual  line  drawn  from  the  point  of  fixation,  F, 
impingefl  upon  the  retina.  The  optic  nerve-fibers  arising  from  the  right  halves,  r  and  n.  of  the  two 
retma^  (indicated  by  the  dotted  Une)  all  pass  into  the  right  optic  tract,  T,  while  the  fibers  belonging 
to  the  left  halve.«*,  I  and  /•,  of  the  two  retiiue  pass  into  the  left  optic  tract,  fi.  The  fibers  of  each  optic 
tract  for  the  most  part  pass  to  the  cortex  of  tne  occipital  lobe,  B,  forming  Gratiolet's  optic  radiation,  S: 
the  smaller  portion  of  them,  m,  goes  to  the  oculo-motor  nucleus,  K.  This  consists  of  a  series  of  partial 
nuclei,  the  most  anterior  of  which  Hends  fibers,  P,  to  the  pupil  (sphincter  iridis);  the  next  one  sends  fibers. 
A,  to  the  rauHcle  of  accommodation;  and  the  third  sends  fibers,  C,  to  the  converging  muscle  Ontemai 
rectus,  0.  All  three  bundles  of  fibers  run  to  the  eye  in  the  trunk  of  the  oculo-motor  nerve,  Oc,  Division 
of  the  optic  tract  at  o  y  or  at  ^  «  produces  right  hemiopia;  and  in  the  former  case  there'would  be  no 
reaction  to  light  on  illuminating  the  left  half  of  either  retina.  Division  of  the  chiasm  at  «  •  produces 
temporal  hemiopia.  Division  of  the  fibers,  m,  abolishes  the  reaction  of  the  pupil  to  light,  but  leaves  the 
sight  and  also  the  a.ssociated  contraction  of  the  pupil  in  accommodation  ana  convergence  unaffected. 
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The  most  important  of  these  are  the  external  geniculate  body,  the  au-  ' 
terior  corpus  quadrigeaunum,  and  the  thalamus  opticuö.  From  these 
centers  fibers  pass  to  the  vunous  purta  of  the  brahi,  and  of  these  tracts 
of  fibers  two  are  of  particular  iniportance — the  fibers;  (Fig-  -68,  m) 
which  go  to  the  nuclei  of  the  oculomutorius,  A',  and  the  fibers,  S,  which 
pass  to  the  cerebral  cortex,  B.  The  former  regulate  the  movements 
of  the  ocular  muscles  and  the  refiex  action  of  the  pnpils;  the  latter 
effect  the  perception  of  the  objer^t  seen.  The  fibers  of  the  ontJc  tract 
which  are  destined  for  tiie  cerebr^il  cortex^  terminate  in  the  cortical 
ganghon  cclls^  within  a  district  \vhic4i  is  kriowji  as  the  optical  area  of 
the  cortex,  or  the  visual  sphere  (Munk)»  and  whicli  corresponds  nmiidy 
tft^he"^l>arts  surrounding  (he  i/ulcarine  lissure.  Within  the  ganglion 
cells  the  excitutit»n  set  up  in  the  optu'-nerve  fibers  is  transformed  into 
sensation  (sensory  perception),  so  that  it  is  here  that  the  object  seen 
comes  within  the  domain  of  consciousness.  In  the  ganglion  cells  which 
have  once  been  subjected  to  excitation  permanent  changes  remain 
unemories),  which  become  so  intense,  particularly  ufion  a  pretty  fre- 
quent repetition  of  the  same  excitation,  Ihni  by  means  of  them  we 
are  able  to  reproduce  in  our  consciousness  an  object  formerly  seen  (op- 
tica! memory-pi  et  vires),  rpcm  destruction  of  the  percipient  center  in  the 
occipital  corti'X,  excitations  of  the  oi>tic-nervc  fibers  fail  to  reach  the  con- 
sciousness at  all.  Upm  destruction  of  the  area  devotrd  tu  optical  memory 
they  no  hjnger  evoke  the  recollection  of  anything  already  known,  because  the 
optic  memory-pictures  are  demolished.  Objects^  in  that  ease  are  seen,  to  be 
sure,  but  are  not  n 'cognized  (psychical  blindness). 

We  have  still  to  study  more  exactly  the  course  of  the  fibers  of  the 
optic  nerve  in  the  chiasm  itself.  It  is  not  a  complete  but  only  a  partial 
decussation  {sennHlecussation)  of  the  fibers  that  takes  place  here.  In 
order  to  understand  the  arrangement  of  the  fibers  it  is  best  to  start 
from  the  eyeball  in  making  our  examination.  Let  us  suppose  a  vertical 
plane  (Vf  Fig.  26S)  to  be  cirawn  through  the  retimi  and  the  visual  line  of 
the  right  eye.  This  will  j)ass  through  the  fovea  centralis,  f,  and  will 
divide  the  retina  into  two  halves,  a  right  or  temporal  half  (r)  and  a  left 
or  nasal  half  (/).  The  fibers  (indicateci  by  doited  lines  in  the  figure) 
which  spring  from  the  right  half  i)ass  barkward  into  the  optic  nerve 
(0),  and  go»  keeping  all  the  while  upon  the  right  side,  U*  the  right  optic 
tract  (T),  The  sum  of  these  fibers  is  hence  known  as  the  non-decus- 
sating bundle.  But  the  fibers  which  proceed  from  the  left  half  (1)  of 
the  retina  of  the  right  eye  pass  over  to  the  left  side  in  the  chiasm,  so 
as  to  be  found  in  the  leff  fv[>ttc  tract  (7"^}.  They  (unu  the  decussating 
bundle.  The  like  is  true  of  the  fn>ers  belonging  to  the  left  eye.  They 
all  lie  together  in  the  left  optic  nerve  (O,),  and  l>ecome  separated  in  the 
chiasm;  the  fibers  connng  from  the  left  half  of  the  retina  pass  into 
tlie  left  optic  tract,  those  from  the  right  half  of  the  retina  into  the 
right  optic  tract.  Each  optic  tract  therefore  contains  fibers  from  both 
eyes.    The  right  optic  tract  consists  of  the  non-decussating  fibers  from 
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the  right  half  of  the  retina  of  the  right  eye  and  the  decussating  fibers 
from  the  right  half  of  the  retina  of  the  left  eye.  Accordingly,  the  right 
halves  of  both  retinae  (r  and  r^),  and  thus  the  left  halves  of  both  visual 
fields  (C),  belong  to  the  right  tract.  Hence,  the  perception  of  all  ob- 
jects situated  to  the  left  of  the  median  line  is  conveyed  along  the  right 
optic  tract  to  the  cortex  of  the  right  hemisphere;  the  latter  is  thus 
designed  for  the  apprehension  of  the  left  half  of  the  external  world. 
The  converse  is  true  of  the  left  hemisphere.  Thus  the  nerve  subserv- 
ing the  sense  of  sight  is  in  harmony  with  other  nerves,  all  of  which 
terminate  in  the  hemisphere  of  the  opposite  side.  This  is  the  case  both 
with  centripetal  and  centrifugal  nerves.  What  we  touch  with  our  left 
hand  becomes  an  object  of  consciousness  through  excitation  of  the 
cortex  of  the  right  side  of  the  cerebrum;  and  destruction  of  a  certain 
portion  of  the  latter  entails  a  loss  of  the  voluntary  movements  of  the 
left  arm.  The  sense  of  sight  appears  to  form  an  exception  to  this  rule, 
since  each  eye.  is  directly  connected  with  both  hemispheres.  This 
exception  ceases  to  exist  if  we  distribute  the  visual  sensations  in 
accordance  with  the  halves  of  the  field  of  vision  to  which  they  corre- 
spond. Everything  which  the  observer  sees  on  the  left  side  of  him  becomes 
an  object  of  consciousness  through  excitaiion  of  the  right  occipital  cortex, 
and  vice  versa. 

The  fact  of  semi-decussation  affords  the  explanation  of  an  impor- 
tant variety  of  visual  disturbance,  hemiopia}  Let  us  suppose  that  the 
continuity  of  the  left  optic  tract  (Fig.  268,  T^)  is  interrupted  at  any  spot 
— e.  g.,  at  ^  g.  In  this  case  the  left  halves  of  both  retinae  (/  and  Zj)  would 
be  cut  off  from  their  connection  with  the  cortex  of  the  left  hemisphere. 
The  right  half,  G,  of  the  fields  of  vision  of  the  two  eyes  would  be  want- 
ing, so  that  only  the  left  halves  of  all  objects  sighted  would  be  seen.  In 
like  manner,  the  left  halves  of  both  visual  fields  would  be  lost  upon 
destruction  of  the  right  optic  tract.  Hemianopia  thus  originating  is 
called  homonymous  or  lateral  (Fig.  269).  It  is  called  right-sided  or  left- 
sided  according  as  the  right  or  the  left  half  of  the  visual  field  is  wanting. 
Such  a  hemiopia  would  also,  of  course,  occur  if  the  destruction  did  not 
affect  the  optic  tract  itself,  but  a  spot  placed  higher  up.  (e.  g.,  e  e) — in 
fact,  even  the  cerebral  cortex  itself.  Homonymous  hemiopia,  therefore, 
is  always  indicative  of  a  lesion  which  lies  to  the  central  side  of  the  chiasm 
and  upon  the  same  side  as  the  blind  half  of  the  retina. 

If  the  chiasm  is  divided  by  a  sagittal  section  (s  s,  Fig.  268)  into  a 
right  and  left  half,  all  the  decussating  fibers  are  severed,  while  the  non- 
decussating  bundles  remain  intact.  Since  the  decussating  bundle  su|> 
plies  the  inner  halves  {I  and  r^)  of  the  two  retinae  these  portions  of  the 
retina  would  be  thrown  out  of  use,  and  thus  the  outer  temporal  half  of 
the  two  visual  fields  would  be  suppressed.  This  form  of  visual  disturb- 
ance is  therefore  called  temporal  hemiopia  (Fig.  270).  It  occurs,  for  in- 


*  From  nM^o'vf.  half,  and  w^,  virion.     By  many  authors  the  terms  hemianopia  or  hemianopsia, 
fon«e<l  by  the  interposition  of  an  a  privative,  are  employed. 
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stance,  when  as  the  result  of  an  infiamoiation  or  a  neoplasm  the  chiasm 
suffers  from  a  lesion  situated  mainly  in  its  mesial  line.  The  same  thing 
might  also  be  caused  by  a  les^ion  existing  in  the  anterior  or  posterior  angle 
of  the  chiasm,  where  decussating  fibers  alone  are  situated. 

(It  ja  eddetii  from  the  above  slatement  lliat  the  right  eye  is  not  governed  by  the 
left  briiin  in  the  m*nsc  thftt  the  right  hand  is.  The  ^nsual  apparatus  corresponding  to 
the  left  brain  is  a  forked  semsorio-niotor  organ,  conHiKting  of  :  (1)  the  right  half  of  the 
cornea  and  lens  in  the  two  eyes  joininf?  the  two  ends  of  the  fork.    Themse  collectively  are 
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Fju.  269. — HoMUNTUQtä  HKMioriA.     (After  Schwdggr^r,) 

\  whicb  bnve  been  left  white  correHpaad  tu  the  lofl  halves  of  the  vhtial  field».  R  mad  L.  o(  ill« 
rJKhc  oyt*  tin4  left  eye,  whicn  tare  atiU  intact;  I,  lempor«!;  it,  xiäMit  Bicle. 

L  R 


Fio. 


-Tküforal  nt:iit{>i<iA.     (After  Schw«!iggcrO 


I  (eft  whit«  ourreopond:  \n  the  nnsal  halves  of  the  vtstial  ßelda,  R  nnd  L,  of  tho  rieht  And  ll«fl 
v^e.  H'hirh  »re  ittill  inLact ;  t^  temporul;  n„  nasiftj  aide. 

the  true  fiensory  organs  and  may  be  called  the  right  lens  terminal.  (2)  The  left  half  of 
the  retina  in  both  right  ami  left 'eyes.  This  double  organs  bf?ing  an  outlying  portion  of 
the  left  brain  {m^  page  376),  may  be  called  the  left  brain  terminal,  (3)  The  crossed 
bundle  of  the  right  and  the  uncrosse<l  bundle  of  the  left  optic  ner%'e.  (4)  Left  optic 
tract.  (5)  Lower  and  fO)  higher  optic  centers  in  left  cortex.  (7)  Efferent  fiber» 
from  5  and  6  to  (8)  motor  centers  in  left  cortex,  (9)  Fibers  from  8  to  (10)  nerve  nuclei 
of  right  »ide  (motor  decussation).     (11)  Efferent  fibers  from  10  to  muscles  attached  to 

trminal  (I).  The  right  eye,  then,  is  not  a  visual  representative  of  the  left  braiUpbul 
: 
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is  composed  of  the  fused  representatives  of  both  brains.  A  man  who  is  left-brained  and 
consequently  right-handed  is  not  "right-eyed."  At  most  he  is  "right-seeing,"  i.e.,  sees 
and  sights  objects  on  the  right  rather  better  than  on  the  left,  but  even  this  is  largely 
neutralized  by  the  fact  that,  owing  to  the  bicerebral  representation  of  the  macula,  direct 
vision  is  quite  alike  in  the  two  eyes. — D.] 

In  the  lower  vertebrates  a  complete  decussation  of  the  optic  nerves  exists,  but  in 
the  higher  vertebrates  there  is  only  a  partial  decussation,  and  Gudden  has  the  credit  of 
having  definitely  demonstrated  by  his  experiments  the  precise  state  of  the  case  in  them. 
He  employed  for  this  purpose  the  method  of  an  artificially  induced  atrophy.  If  the 
right  eye  is  enucleated  in  anew-born  puppy,  and  some  time  afterward  the  animal  is  killed 
and  examined,  the  right  optic  nerve  is  found  to  be  completely  atrophied;  it  consists  of  a 
thin  strand  of  connective  tissue  without  a  trace  of  nerve  fibers.  If  complete  decussation 
of  the  optic  nerves  took  place  in  the  chiasm,  this  complete  atrophy  would  necessarily  be 
continued  into  the  optic  tract  lying  on  the  opposite  or  left  side,  while  the  optic  tract 
of  the  right  side  would  be  perfectly  intact.  This,  however,  is  not  the  case;  in  the  left 
optic  tract  thej'e  is  still  a  slender  bundle  of  nerve  fibers  which  has  escaped  atrophy. 
This  can  originate  only  from  the  left  optic  nerve,  and  must,  accordingly  be  a  non- 
decussating  bundle.    So  also  in  the  apparently  normal  right  optic  tract  there  is  found 


n.o.s. 


tar.oj.     ^t — ,.^ )  L- ^-^^_^j^  tr^o.d. 

Fia.  271. — Chiasm  in  Atbopht  of  the  Left  Optic  Nervi.    Magnified  3X1. 

The  specimeo  is  from  a  man,  sixtv-six  years  of  age,  whoffe  left  eve  had  been  blind  from  child- 
hood because  of  a  total  staphyloma  of  the  cornea,  due  probably  to  blennorrhcca  neonatorum.  The 
cut  represents  a  section  passing  through  the  chiasm  in  the  horizontal  plane,  and  stained  with  hema- 
toxylin by  Weigert's  method,  so  that  the  normal  (medullated)  nerve  fibers  look  black,  while  the  atro- 
phic fibers  are  unstained,  The  left  optic  nerve,  n.  o. «.,  is  completely  atrophic,  being  both  unstained 
and  also  considerably  narrower  than  tlie  right,  n.  o.  d.  The  greater  part  of  the  fibers  composing  the 
latter  pass  transversely  through  the  chiasm  into  the  left  tract,  tr.  o.  «.  On  their  way  they  make  a 
loop-like  bend  into  the  left  optic  nerve.  The  smaller  portion  of  the  fibers  of  the  right  optic  ner\'e  re- 
main on  the  right  side  of  the  chiasm,  and  pass  over  into  the  right  optic  tract,  tr.  o.  d.  Since  the 
non-dncussating  filters  are  less  numerous  than  the  decussating,  the  right  tract  appears  somewhat  nar- 
rower in  cross  section  than  the  left.  The  bundle  of  nerve-fibers  running  in  a  ciu^'e  along  the  posterior 
border  of  the  chiasm,  and  separated  from  it  bv  a  light-colored  sone,  is  Gudden 's  commissure  (or  oom- 
missura  inferior)  which  contains  no  optic-nerve  fibera. 

a  thin  bundle  of  atrophic  fibers  which  must  spring  from  the  right  optic  nerve,  and 
which  corresponds  to  the  non-decussating  bundle  of  the  right  side.  Hence,  in  the  dog 
a  semi-decussation  does  exist,  although  the  decussating  is  much  more  pronounced 
than  the  non-decussating  bundle.  In  rabbits  this  disproportion  is  still  more  marked. 
In  them  the  non-decussating  bundle  is  so  attenuated  that  at  first  it  escaped  Gudden's 
notice  altogether.  On  the  other  hand,  in  man  the  non-decussating  bundle  approximates 
the  decussating  one  in  size,  the  former  containing  about  two-fifths,  the  latter  three- 
fifths  of  all  the  optic-nerve  fibers.  In  default  of  experiments,  accident  rendered  the 
determination  of  this  relation  possible  in  man.  Opportunities  were  had  of  holding 
autopsies  on  men  of  advanced  age  who  had  lost  one  eye  in  childhood.  In  such  subjects  it 
was  found  that,  the  complete  atrophy  of  the  single  optic  nerve  was  distributed  between 
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the  \wo  oj>tir  tracts  in  such  e  way  that  thi*  trart  of  thr  opposftx?  aiilo  was  always  some- 
whttt  more  atmphmi  ihim  that  of  the  same  side  (Fig.  271).'  Uenw  the  followiufc  »taten- 
irimi  limy  be  inude  of  the  facts  of  the  ciise:  In  the  lotmr  vertrhratts  complete  dticn.HücUi(m 
of  ilix  optic  ncn^tit  taken  pla^-r;  in  rntintf  of  thr  higher  rerkbrales  n  fntrtitd  ficru^salion  vxuttii, 
hr  partial  character  of  which  in  tht  more  protwuticed  t}w  nearer  akin  the  animal  in  to  man. 
VVc  comp rcih end  the  reason  of  the  foregoing  fact  if  we  start  from  the  law  that* 
tht?  optical  perception  of  all  objects  which  are  situated  on  the  right  side  of  the  body 
i»  effected  b^"  means  of  the  left  cerebral  hemb«pherc,  iind  vice  versa»  In  the  lower  ver- 
tebrates, and  in  fact  even  in  most  birds  iind  mainraaha,  the  eyes  are  placed  so  far  ott 
one  side  of  the  head  that  the  animal  is  unable  to  see  any  point  whatever  with  both 
eyes  at  once.  The  fields  of  vision  of  the  two  eyes  ore  perfectly  distinct.  The  right 
eye  ^>e»  nothing  but  those  objects  which  are  situateti  on  the  animal's  right  side;  accord- 
ingly* the  fibers  of  the  optic  nerve  originating  from  this  eye  must  all  pass  to  the  left 
bemiirphcre,  for  which  reason  complete  decussation  of  the  optic  nerves  takes  place.  In 
the  higher  vertebrätes^ — e.  g,,  in  the  dog — we  begin  to  find  the  eyes  phiced  farther  for- 
ward. Objeets  straight  in  front  of  them  situated  in  and  clo!4e  to  the  median  line  can 
therefore  b»e  seen  by  Ixith  eye^  at  onee,  so  that  in  this  locality  the  fields  of  vision  of  tho 
(wo  eyes  partially  overlap,  and  there  exists  a  small  common  fbinocular)  field  of  vision» 
The  right  eye,  to  be  sure,  is  mainly  designed  for  the  \ision  of  objects  situated  on  the  right 


Flo.  272. — Bixof  ttLAA  FtüLO  or  VimtOM;    (A^fter  Bmu.) 

Tbp  uiidott«d  line.  L,  bounds  lb«-  vieuiil  field  of  the  left  eye,  the  ctott^x]  line,  ft,  the  vibuaI  fi«ld 
of  tbe  riitbl.  Th«»  me<(iiaa  puirlkm  of  the  twf»  viwunl  odds  ovrrlftp  to  no  «>xtvDt  shown  tiy  the  aurface 
Urft  white.  Thi«  is,  ftt'r{jrcliii«ly.  thi'  liimwylap  firfd  of  ^naion.  all  o&}«?cl«  ir»  which  urr  iwn  by  hoth  cv«* 
«t  the  aame  tiiim.  In  iu  ccttitor  \iv^  the  point  of  (iXÄtion,  /,  and  ot  mihtT  »id«  of  the  latter  thi«  blmtl 
«pots*  r,  and  t.  of  the  right  and  left  eye  Adjrtining  cithir  side  of  the  hinorulttr  field  of  vi»ion  are  iho 
U*mporttt  dirüion«  of  the  two  visual  field«  itthe  t-ihaded  nrcii»  in  the  figuro),  objert»  in  wJnrh  nre  seen 
frith  ooo  eye  eloae. 


side  of  the  body,  but  it  also,  by  means  of  the  extreme  ti^mporal  portion  of  its  retina, 
prides  over  a  small  area  to  tbe  left  of  tho  mtnÜan  line.  The  optic-nerve  fibers  spring- 
tog  from  this  portion  of  the  rt^tinn  must  go  to  the  cortex  of  tlie  right  (X*re!>ral  heinis- 
phusre,  because  they  transmit  the  impri-ssiom^  of  ohjccta  lying  uj>on  the  left  wi<le  of  the 
body.  These  fibers  constitute  the  non-decussating  bundle;  and  this  latter  is  small^ 
becaane  the  area  of  retina  corresponding  to  it  is  of  but  slight  extent. 

Lastly,  in  man  Iwith  eyes  lie  in  the  frontal  plane»  so  that  almost  all  objects  are 
«pen  with  both  at  the  :^arae  time.  Accordingly,  the  vif?ua!  fiekh  of  the  two  eyes  are 
to  a  large  extent  eninrident,  so  that  there  is  formetl  a  larj^e  binocular  field  of  visi«in 
(tbe  are^i  left  white  in  Fig.  272).  Each  eye  sef-s  objects  both  ufK>n  the  right  and  upon 
the  left  iride  of  the  bo<h%  for  which  reason  one  part  of  the  fibers  of  the  optie  nerve  be- 
longing to  it  go  to  the  right,  another  part  to  the  left  hemi.sphere.  To  ln'  sure,  the  vi.sual 
field  of  t^eh  eye  extendi  farther  to  the  temportd  than  to  the  uasa]  aide  (see  page  10^ 
and  Fig.  a'J}.    Hence,  it  fouows  that  tiie  nasal  half  of  tbe  retina  is  larger  than  the  tein- 


Y  fit  i«  ioterriHtli 


mfl^r  pbthiaie 


nt«reHtme  to  lemrn  th«t  «n  obtervatjoa  of  thi«  «ort  la  «  rii*e  of  itjir«fiduiit  desenenitioiu 
Uulbi.  led  VoftahuA  to  ersne  »«tuaeit  the  existenre  of  a  conipbte  dvruiwaiion  in  m*o.— dT] 
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poral,  and  as  the  fibers  which  spring  from  the  former  pass  over  in  the  chiasm  to  the 
opposite  side,  the  number  of  decussating  fibers  in  the  optic  nerve  is  necessarily  some- 
what larger  even  in  man  than  the  number  of  those  which  do  not  decussate. 

The  way  in  which  the  optic  nerves  decussate,  therefore,  depends  upon  the  relation 
of  the  fields  of  vision  of  the  two  eyes.  If  the  two  fields  are  completely  separated,  total 
decussation  exists.  If  there  is  a  binocular  field  of  vision,  semi-decussation  takes  place, 
and  this  is  the  more  pronounced  the  larger  the  binocular  field  of  vision. 

Hemiopia  in  the  more  extended  sense  of  the  term  exists  not  only  when  an  entire 
half  of  each  visual  field  is  wanting,  but  also  when  there  is  a  deficiency  which,  though 
smaller,  occupies  a  symmetrical  position  in  the  visual  fields  of  the  two  eyes  (incomplete 
hemiopia,  Wübrand).  In  this  case,  too,  there  is  a  lesion  of  the  fibers  of  the  optic  nerve 
above  the  chiasm,  only  now  simply  a  portion  instead  of  all  the  fibers  of  one  tract  (or 
of  its  continuation  to  the  cortex)  is  destroyed.  [Hemiopia  may  even  be  limited  to  a 
central  or  paracentral  scotoma,  symmetrically  placed  in  the  visual  field  of  each  eye; 
and  such  hemiopia  may  be  central — even  cortical — in  orip^in  (Wilbrand). — D.J  In  bo- 
mon3rmous  hemiopia  it  is  the  rule  that  the  field  of  vision  is  not  divided  exactly  in  half, 
the  vertical  border  of  the  field  bending  out  a  little  at  the  site  of  the  point  of  fixation 
(Fig.  269),  so  that  the  portion  of  the  field  of  vision  corresponding  to  the  macula  lutea 
is  preserved  intact.  Hence  if,  as  is  very  rarely  the  case,  a  bilateral  hemiopia  is  pro- 
duced by  a  bilateral  central  lesion,  the  combination  of  the  visual  defects  on  the  two  sides 
does  not  give  complete  blindness,  but  leaves  intact  right  in  the  center  a  very  small 
central  visual  field,  representing  the  fovea  centralis. 

The  fibers  of  the  optic  nerve  upon  entering  the  interior  of  the  eye  spread  out  hkc 
a  sheaf  to  form  the  most  internal  (most  anterior)  layer  of  the  retina.  The  fibers  which 
are  situated  along  the  margin  of  the  papilla  terminate  in  the  vicinity  of  the  latter. 
The  nearer  the  fibers  lie  to  the  axis  of  the  optic  nerve  the  greater  is  the  distance  that 
they  have  to  traverse  in  the  retina  in  order  to  reach  the  level  of  the  next  layer  of  the 
retina — the  ganglion-cell  layer — with  which  they  are  continuous.  Accordingly,  the 
following  may  be  enunciated  as  representing  the  state  of  the  case:  Those  fibers  which 
come  from  the  peripheral  portions  of  the  retina  lie  in  the  center  of  the  optic  nerve, 
while  those  which  rise  from  the  central  regions  of  the  retina  lie  along  the  margin  of  the 
nerve. 

Those  fibers  which  supply  the  retina  from  the  macula  lutea  to  the  papilla  (the  so- 
called  papiüo-nuicular  region)  take  on  a  special  form  of  arrangement.  In  that  division 
of  the  optic  nerve  which  adjoins  the  eyeball,  they  are  aggregated  in  the  form  of  a  sector 
whose  apex  is  directed  toward  the  center  of  the  nerve,  while  its  base  corresponds  to 
the  outer  margin  of  the  latter  (the  paler^ooking  bundle,  pm,  in  Fig.  267).  Farther 
back  the  arrangement  changes,  so  that  these  fibers  get  to  lie  in  the  axis  of  the  nerve. 
The  sector  occupied  by  the  papillo-macular  bundle  amounts  to  about  one  third  of 
the  entire  cross  section  of  the  optic  nerve.  This  is  very  large,  when  we  consider  that 
the  corresponding  region  of  the  retina  constitutes  but  a  small  fraction  of  the  entire 
retinal  surface  (being  commensurate  with  the  central  scotoma  shown  in  Fig.  277). 
This  relation,  in  fact,  is  in  harmony  with  the  predominant  importance  of  this  region 
of  the  retina.  It  gives  support  to  the  hypothesis  that  each  one  of  the  terminal  elements 
in  the  macula  lutea  is  connected  with  the  brain  by  a  nerve  fiber  of  its  own,  so  that 
excitations  of  this  element  are  conveyed  to  the  brain,  isolated  from  those  of  other 
elements,  while  in  the  peripheral  portions  of  the  retina  probably  a  number  of  terminal 
elements  are  continuous  with  one  common  fiber. 

Our  knowledge  in  regard  to  the  course  of  the  optic  fibers  can  be  applied  practi- 
cally, inasmuch  as  it  enables  us  to  determine  precisely  the  eituatioh  of  a  leeion  in  the 
optic  patlis.  In  this  instance  we  are  dealing  with  cases  in  which  a  defect  exist«  in  the 
visual  field  without  the  ophthalmoscope  showing  any  disease  of  the  deep  tunics  of 
the  eye,  so  that  the  defect  must  be  referred  to  some  break  in  the  conduction.  In  all 
cases  in  wliich  the  defect  in  the  visual  field  is  contained  in  one  eye  only  or  in  which, 
while  there  are  defects  in  both  eyes,  they  are  not  symmetrically  situated,  the  lesion 
must  be  seated  in  the  optic  nerve  itself — ^that  is,  in  front  of  the  chiasm — since  all  in- 
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f^TTUptions  on  the  farther  ökk^  üf  the  chiasm  result  in  tin?  proctuclion  of  symmc^tnVal 
defecüä  in  the  vitiuaJ  fields.  For  the  same  reüson  coniplete  i>linilneös  of  one  eye,  with 
retention  of  good  srglil  in  the  other,  rniist  be  referred  to  an  aiTei-tion  in  fruut  <»f  the 
chin^tn.  Central  m-otoTimtu  eorresjHind  to  an  afteetiori  i>f  the  pftpiUo-niaeuhir  Inmdle. 
In  icjmporaj  heniicipia  the  leäion  is  seated  in  the  cliiasm  itself ,  and  in  stt  placed  that  only 
the  dee  iisaa  ling  titjers  are  affected  by  it.  1  l^tis  is  the  ease  when  the  lesion  of  cup  I  es 
the  middle  of  the  chiasm  or  iLs  ünlerior  or  posterior  angle.  It  most  fre<^uently  occurs 
a»  a  nosuJt  of  an  eidargement  of  the  hypopliysis  cerebri,  and  with  this  there  is  often 
y^iociikted  mereased  growth  of  the  bone^  and  mit  fmrl«  of  the  face,  Jmnds,  and  f<c^t 
PPbromegaly),  Homonvinoiis  hemiopia,  or  less  extensive  Init  still  homonymous  de- 
fect« in  the  field  of  \ision,  fiepend  up:»n  a  disturbance  al:>o\'e  the  chiasm.  If,  in  addi- 
tion, there  is  loss  of  the  pupillary  light  reftex  whan  light  is  thrown  upm  the  blinded 
portion  of  the  retina  (WemiVke's  heniiopie  pupillary  reaction],  the  break  in  t  he  conduc- 
tion must  lie  below  the  spot  at  which  the  fillers  to  the  oculo-motor  nucleus  art*  given 
off — i.  e.,  lie  in  the  optie  tract;  hut  if  thi*  pupillary  lii^ht  reflex  i.s  intact  the  h-nion  is  to 
be  loeated  higher  up.  It  most  often  lif*s  in  the  ba(;k  part  of  the  internal  capsule,  or  still 
higher  in  the  optic  fibers  running  from  eapsule  to  occipital  cortex,  or  in  the  cortejt  itaelf. 


I.  Inflammation  of  the  Optic  Nerve, 

lOl.  Iiiflainmation  of  the  optic  nerve  {neuritis  optica)  may  develop 
at  any  spot  whatever  of  the  nerve.  Of  course,  it  is  directly  visiljle  iti 
the  living  eye  only  when  the  optic  papilla,  whieh  is  accessible  to  ophthal- 
moscopic examination»  is  involved.  Such  cases  we  call  neuritis  intra- 
ocularis,  or,  l>ecause  of  the  changes  in  the  papilla,  papillitis  (Lel>er). 
From  them  are  to  be  distinguished  tho.se  cases  in  which  the  inflammation 
is  located  in  a  portion  of  the  optic  nerve  situated  farther  back  (neuritis 
retrobulbaris).  Since  in  this  case  the  focus  of  inflammation  can  not  l>e 
seen,  its  existence  must  be  inferred  from  the  other  symptoms. 


^ 


(a)  Neuritis  Inira-ocuhris, 


Symptoms  and  Course, — Neuritis  of  the  optic  papula  manifesto 
itself  externally  bv  no  sii;n  exee^jt  that" the  piipiTs  are  dilated,  ^o  iii^rre» 
sponu  wiili  the  (rininutiun  or  aüsolute  loss  oj  sitzfit.  Ophtliahnoscopic 
examinaiioR  §f\OT^s  "^^ 


(hininutiun  or  _ 

in  the  papilla  evidences  of  inflammation  (Fig.  273). 


The  color  of  the  papilla  is  altered,  being  either  white,  gray,  or  reddish, 
and  it  is  often  mottled  with  white  spot.s  or  extravasations  of  blood  (ft). 
The  papilla  is  often  ratlially  striate  and  its  outlines  become  indistiiiguish- 
able,  the  exudation  extending  over  them  mUy  thv  adjoining  retina;  hence, 
too,  the  papilla  appears  of  greater  diameter  than  normal.  The  retinal 
blood-vessels  are  altered,  the  arteries  (a  a)  being  thinner,  while  the  vehis 
(e^  v)  are  distended^  owing  to  cotnp-ession  of  Fhe^ vessels  by  the  swollen 
Optic  nerve.  rhe'retinal  vi^ms  are  exceetlingly  tortuous,  especially  where 
they  pass  down  upon  the  retina  over  the  edge  of  the  swollen  papilla;  and 
wherever  their  coils  dip  deeper  into  the  clouded  tissues  they  look  veiled 
or  cut  off  altogether.  The  most  important  symptom  is  the  swelling  of  the 
p^QjJ|a,  shown  by  its  projectiiig  ajxwe  the  surrounding  retina  (l^i^s.  Z75 
and  276).  '  ^*— 

The  subjective  s^'mpt^^ms  consist  in  disturbed  sight.     This  in  most 
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canes  is  very  gcreat;  with  .severe  neuritis  complete  blindnoss  is  usually 
present.  Nevertheless,  ca3es  of  marked  swelling  with  normal  eight  do 
also  occur  (in  choked  disk).  Characteristic  of  many  case^  of  neuritis  is 
a  sudden  and  momentary  obscuration  of  sight,  repeated  many  times  a 
day.  Contraction  of  the  field  of  \ision  is  often  found,  sometimes  under 
the  form  of  hemiopia.  [Alteration  of  color  perception  and  particularly 
reversal  of  the  color  field  (see  page  007)  may  occur;  such  reversal,  accord* 
ing  to  Bordle^^  and  Cashing,  being  characteristic  of  increased  intracranial 
pressure,  whether  accompanied  by  choked  disk  or  not. — D.J 


Fio. 


V  a 

27^r— OptTTHAl.M09COHC    PICTURE    OV    InFLAMMATOKY    PaPIIJ.ITI«* 


The  papiUft  i*  fErAyi»h-wliitev  cloudetl.  ami  appears  conMclernbly  lar^ir  than  it  really  i»  hz 
it  cannot  be  demarcatcHi,  from  iJie  riiirrcnMulintc  rfliua  which  i*  likewise  clouili^«!  aitil  itnay-  T« 
minishiriK  extent  the  ckiudiiie*«  tun!  the  raiJial  ittrintion  «xtemi  out  i«to  the  retitia  beyond,  Thel._ 
iital  arterieH,  a,  a,  are  c<iotracted,  the  retinal  veins,  I'tv  are  exc«edin((1y  dilatedi  and  tortuntus  luwi  bo«h 
Äfe  obwurrtl  in  place*.  In  th<»  ret  inn,  adjoininK  the  papilla,  are  found  ra^liaUy  di.tpowci,  «triat«,  red 
apotj»  {hcinoirhaneji),  A. 


atrophy.  The  papilla  grows  paler,  its  outlines  become  once  more  clearly 
visible,  and  the  ve*ssels  upon  the  papilla  and  in  the  retina  are  narrowed. 
This  atrophy  (neurit ic  atrophy j  as  it  is  called)  is  the  greater  the  more 
intense  the  preceding  neuritis;  and  the  degree  of  the  atrophy  deter- 
mines whether  the  vision  grows  better  again  after  the  inflammation  has 
run  its  course,  or  remains  permanently  enfeebled,  or  is  annihilated 
altogetiier.     In  any  case,  the  prognosis  of  neuritis  is  serious. 

Etiology- — Like  the  rest  of  the  intra-ocular  affections,  neuritis  is 
but  rarely  u  local  lesion;  on  the  contrary,  it  usuaTl:yL originates  tn  some 
deep-seated  jifieclion.  and  for  this  reason  is  almost  always  biiä^g^al  in 
its  development.  The  diagnosis  of  neuritis  is  therefore  of  importance, 
not  only  for  the  oculist,  but  also  for  every  physician  engaged  in  the 
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treatment  of  internal  disorders,  as  it  affords  him  aid  that  is  indispensa- 
ble for  the  diagnosis  of  nmny  diseases. 

The  causes  of  neuritis  are: 

1.  Brain  Diseases. — These  are  by  far  the  most  frequent  cause  of 
optic  neuritis.  The  brain  lesion  leads  to  disease  of  the  optic  nerve, 
either  through  producing  t-ongestion  or  through  transfer  of  inflam- 
mation,    (a)  CongesiwH  is  chiefly  of  moment  in  those  diseases  of  the 


Fni.  274.^ — Chokku   L>j«it  in  Brain  Titmor.    (After  Haab.) 

Tfif  pa|>JI1i'  i--  ^w-.llem  out  into  a  mii,«ih  room -like  protnision  so  ns  toapppnr  «?tilAr^e<l  but  stiJI  well  de- 
fir'  -n  to  infljiHimatfiry  pupiUiti-s,  Fis.273).  The  arti'riw  ari»  tin nni-r  than  normal, 
t'  ■  ruleil  aiifi  tortiiouj*.  Two  of  the  veins  fihow  a  hn^i  inierruption  m^ide  of  th« 
P ''  ^  +>f  tlie  veswcl  ihiit  dip«  down  into  thr  tip*ue  of  tUe  papilla  \n  eonceBlml.  ^Vhere 
tliiL*  M"hM:l-  «Ip-ctuiJ  o\  er  the  oveilianeinic  marfftD  of  the  |japil]a  t*j  the  retinap  ihey  all  dir«plav  a  bend  or 
nn  actual  iufcrTijption,    The  retina  «urrtiumiling  the  papilla  i»  the  »eat  o(  a  delicate  radiating  utriation. 

hrain  whit4i  lead  to  an  elevation  of  the  pressure  within  the  cranial 
cavity— i.  t\.  most  frequently  in  tumors  of  the  brain  ant!  in  hydn^- 
cephalus.  A  brain  tumor,  as  a  result  of  its  growth,  arrogates  con- 
stantly more  and  more  space  to  itself  within  the  cranial  cavity.  Hence, 
as  the  skull  is  unyielding,  an  increase  in  the  intracranial  pressure  arises, 
hy  virtue  of  which  a  portion  of  the  cerebrospinal  fluid  is  squeezed  out 
of  the  cranial  cavity.  This  fluiil  finds  an  egress  partly  in  the  dirertion 
uf  the  spinal  cord,  partly  in  that  of  the  optic  nerve.  The  spaces  be- 
tween the  sheaths  of  the  optic  nerve  which  communicate  with  the 
lymph  spaces  between  the  membranes  of  the  brain  are  diluted  by  an 
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accumulation  of  fluid  (hydrops  vaginse  nervi  optici,  Figs.  275,  t,  and 
276;  Stellwag),  Upon  this  fact  is  based  Schmidt  and  Manx's  theory  o(j 
the  origin  of  neuritis,  which  is  as  follows:  In  consequence  of  accumula 
tion  of  fluid  in  the  intervaginal  space,  a  stasis  of  lymph  occurs  in  t\ 
trunk  of  the  optic  nerve  itself,  partinUarly  in  the  region  of  the  laniin 
cribrosa,  the  lymph  spaces  of  which  communicate  with  the  intervag 
nal  space.  The  oedema  of  the  lamina  cribrosa  causes  a  compression 
of  the  central  vessels — a  compression  which  makes  its  influence  hit 
sooner  and  to  a  higher  degree  in  the  central  vein  of  the  optic  nerve 
than  in  the  central  artery.  As  there  is  constantly  pouring  into  the 
papilla  through  the  artery  a  quantity  of  blood  which  can  not  be  cor 


du    ar  p  z 

Pic.   275. — LoNomrDtKAt    Secttoiw  thhoitoh    thf,    Hp^d   of  thb   Omic   Niinre   ik    PAFiu.fi 

Thi»  i»  greatty  ewollpn.  foo  a*  to  project  »bove  the  kvel  of  this  adJAcent  relinii  anfJ  form  at  the  \m 
mi  itnimlar  tumcfiictioii.  the  neurit  ic  »wellifig,  n.     There  is  »< cellular  iaältratioD,  parti culartyi  ' 
I  he  rriiiurlt»r  blwod-vwiwls,  *■,  for  which  reaÄon  the  hitt«r  appear  apecially  promioeTtt.     Tlir  rt^tii 
ii«  thrown  jnti>  folds  about  ihe  eircutnferetice  of  the  paptlla,  in  ci>niw<iueiice  of  the  sw- 
ihr  ehorioid,  ch,  and  the  frclera.  »,  are  normal,  an  i*  the  optic  nerve  posterior  to  t)  > 
H«re  there  it  present  simply  a  dilatntton  of  the  iritr<rvaginal  fpa««,  i.  through  accui  ,    »f  I 

by  virtue  ot  which  the  i^reutly  foldedl  arachnoirl   Hheath,  ar  becomes  eepecifllly  promiacot«   äu^  i 
aheftth;    p,  pial  sheath. 


pletely  carried  away  again  by  the  contracted  central  vein^  venoü 
engorgement  of  the  optic  nerve  and  consequently  swelling  of  the  iat 
ter  are  developed.  This  swelling  of  the  nerve  leads  to  its  incarceration 
at  tlie  spot  where  it  fits  so  tightly  in  the  foramen  sclera?,  and  cons 
quently  extreme  cedema  develops  in  the  strangulated  papilla.  N 
tts  having  this  origin  is  hence  not  so  much  an  inflammation  prof 
as  an  inflammatory  anlema,  and  is  accordingly  designated  by  the  nar 
of  congestive  neuritis,  or  choked  disk.  It  therefore  constitutes  a  ver 
important  sy nit)tom  of  increase  of  the  cerebral  pressure,  (h)  Dire 
transmission  of  inflammation  fn^ni  the  brain  to  the  optic  nerve  must  be 
assumed  to  exist  chiefly  in  those  cases  in  which  an  inflammation  ia  ^ 
present  in  the  brain  itself,  and  particularly  at  its  base»  as  is,  for  exampleyfl 
generally  the  case  in  tuberculous  meningitis  or  otitic  processes.    Here  the 
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inflammation  is  transmitted  along  tlie  optic  nerve  and  its  sheaths  to  the 
papilla   (neuritiis  de^cendens), 

2.  Syphilis  is  a  frequent  cause  of  neuritis.     The  optic  nerve  may 
be  attacked  by  the  syphilitic  aflfection  directly.     In  other  cases  it  be- 
comes alYected   indirectly,   owing   to   the  development   in    the   cranial 
cavity  or  in  the  orbii  of  inflammations  or  of  tumors  whicli  result  from         ^^ 
syphilis,  and  which  äecondarily  implicate  the  optic  nerve,  ^\/C  ^ 

3.  Acute  infectious  febrile  diseases,  chronic  disturbances  of  nutn'lion    ^\u/^ 
of  various  kinds,  and  poisoning  especially  by  lead.  jSji^A^ 

4.  Acute  antemia  after  great  loss  of  blood,  the  most  frequent  variety    mt>4f 
being  that  due  to  hemorrhage  from  the  stomach  and  to  metrorrhagia,    ^^^^^ 
In  these  cases  blindness,  as  a  rule,  does  not  set  in   until   some  ilays 
after  the  hemorrhage^  and  is  gen- 
erally incurable. 

^^  h.  Heredity.  There  are  fam- 
ilies the  members  of  which  are 
attacked  by  neuritis  without  there 
being  any  special  cause  for  it. 
I  Such  a  neuritis  usually  affects  only 
the  male  nieml>ers  of  the  family, 
and  these  are  generally  attacked 
by  it  at  the  same  age  (about  the 
twentieth  year).    [See  page  589.] 

6.  Orbit al  affertions,  such  as 
inflanmiations  or  new  growths  in 
the  orbit  or  tumors  developing 
upon  the  optic  nerve  itseSf.  These 
are  the  only  cases  in  which  neu- 
ritis can  with  certainty  be  regarded 
as  a  purely  local  disease. 

The  treaimeiii  of  neuritis  must 
be  directed  first  of  all  against  the  lesion  which  forms  the  basis  of  it. 
Local  treatment,  in  addition  to  a  suitable  regimen  of  the  eyes,  consists 
in  the  abstraction  of  blood  at  the  mastoid  process»  in  diaphoretic  meas- 
ureSt  and  in  the  administration  of  absorbent  remedies,  such  as  iodide 
of  potassium,  mercury,  etc.  In  cases  of  increase  of  brain  pressure  tre- 
phining is  to  be  considered. 


Flo.  27Ö. — Hturops  Vaqin.!!  Njcrvi  Optici, 

(After  Piieenfftficher.ji 

Upon  thp  left  hicIu  j»  j^e*ri  thu  ampullifurtn 
HWf>UinA«if  tbc  oplic  nerve  in  lis  auterinr  poriiun. 
Upon  tiie  riftht  ure  repre^santed  the  rclntifui}^  as 
tMHBQ  after  making  a  longitudinal  section  of  rhe 
nerve.  One  can  «w?e  how  the  «welling  uf  the  tierve 
19  csumkI  hy  the  diRteniiou  of  thv  outer  shei&th. 
which  iiü  separated  a  good  way  from  the  tnink  ftf 
the  nervo;  and  can  recoaiiiie  the  projection  of 
the  papilla  above  the  level  of  ih*  retina. 


Simple  hfffMrftmm  of  the  opt  it"  iierv^e  is  miirked  hy  inrrr^ased  rHnesa  t>f  the  nervo 
and  by  haxinesg!  of  its  outlines,  »o  that  it  fontriLstH  hut  little  with  itie  ml  ftiitdtw  «iirround- 
ing  it,  whieh  show;*  a  radiate  striution  representing  the  course  of  the  nerve  fibers  in  the 
retina.  To  this  are  iidded  dilatation  and  tortuosity  of  the  retinal  ves-seLs,  A  wronR 
diagnoäiii  of  hj'tic^neniia  of  (he  painlla  ik often  madc>,  if  one  forgets  that  in  dark  pigmented 
eyes  the  papilhi  liHsks  n^lder  and  floes  .so,  too,  when  in  the  case  of  a  faint  uniform  t>|mc- 
ily  of  the  %4treous  it  ia  s**en  thronph  a  turbi«!  oieditim.     Cf.  pBeudonearitis  (page  02)* 

Hvperxemia  of  the  di^k  is  a  fret^uent  ocftirrenet*.  It  is  not  only  a  <'on>^taht  accom- 
panimenf  of  all  indarnmations  of  the  retina  and  ehoHoid,  but  h  found  in  <^onneetion 
with  virilen t  inflammations  of  the  itnterior  division  of  the  eye — e.  g.,  in  iridtx»ycUtii* 
and  eveti  in  et>meal  ulceration. 
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[HypersBmia  of  the  disk  also  occurs  in  connection  with  refractive  errors  and  arterio- 
sclerosis (see  page  546).  The  form  of  hyperaemia  due  to  refractive  errors  is  a  bright- 
reti  striata»  injection  of  the  disk,  which  latter  looks  hazy  ("fluffy  disk")  and  mergcfl 
into  a  similar  red  and  somewhat  hazy  fundus.  The  color  of  the  disk  and  fundus  in 
these  cases  is  aptly  compared  to  that  of  red  flannel. — D.J 

If  an  inflammation  of  the  retina  is  associated  with  pretty  marked  involvement 
of  the  optic  nerve,  or  if,  conversely,  an  inflammation  of  the  optic  papilla  has  extended 
so  as  to  occupy  quite  a  large  area  of  the  retina,  the  pictiu^  of  neuro-rctinitis  or  papillo- 
retinitis is  produced.  Almost  all  forms  of  retinitis,  as  well  as  of  neuritis  which  have 
been  described  in  the  foregoing  pages,  may  appear  under  the  form  of  neuro-retinitis. 
In  connection  with  tumors  of  the  brain,  a  special  form  of  neuro-retinitis  occurs,  the 
peculiarity  of  which  consists  in  the  fact  that  together  with  the  appearances  in  the  optic 
papilla  minute  splashes  of  silvery  luster  are  visible  in  the  region  of  the  macula  lutea, 
so  that  a  picture  resembling  that  of  retinitis  albuminurica  is  produced. 

Von  Graefe  was  the  first  to  distinguish  the  inflammations  of  the  optic  nerve  ac" 
rompanying  diseases  of  the  brain  into  the  neuritis  of  congestion  [choked  disk]  and  de- 
scending neuritis.  The  differences  between  the  two  are  mainly  differences  with  regard 
to  the  swelling  of  the  optic  nerve  and  to  the  transmission  of  the  inflammation  to  the 
adjacent  retina.  The  degree  of  swelling  of  the  nerve  can  be  judged  of  from  the  way  in 
which  the  vessels  bend  as  they  pass  over  the  edge  of  the  papilla  to  descend  upon  the 
retina;  also  from  the  parallactic  displacement  that  the  papilla  shows  with  reference 
to  the  retina  in  examinations  made  with  the  inverted  image.  In  the  erect  image  the 
degree  to  which  the  papilla  projects  can  be  calculated  from  the  difference  in  refraction 
between  it  and  the  retina  (page  102).  In  choked  disk  (Fig.  274)  the  swelling  is  so  great 
that  the  vessels  appear  kinked  or  actually  interrupted  at  the  bonier  of  the  papilla. 
The  engorgement,  furthermore,  if  great,  manifests  itself  in  the  often  enormous  dis- 
tention of  the  retinal  veins.  On  the  other  hand,  the  tissue  changes  are  limit^xi  pretty 
sharply  to  the  papilla  itself.  In  neuritis  descendens  the  swelling  of  the  papilla  is  slight ; 
there  is  no  distinct  bending  of  the  vessels  at  the  border  of  the  papilla,  and  frequently 
the  difference  of  level  can  be  demonstrated  only  through  the  difference  in  refraction 
shown  to  be  present  by  examination  with  the  erect  image.  On  the  other  hand,  the 
exudation  made  patent  by  the  cloudiness  and  discoloration  of  the  disk  becomes  a  promi- 
nent feature.  Moreover,  the  exudation  extends  beyond  the  edge  of  the  disk  into  the 
adjacent  retina,  so  that  the  disk  appears  enlarged;  frequently  the  picture  of  neuro- 
retinitis  is  produced.  In  spite  of  these  distinctions  the  two  forms  of  neuritis  are  not  so 
widely  separated  as  theory  demands,  since  numerous  transition  forms  occur  between 
choked  disk  and  descending  neuritis. 

The  part  that  increased  intracranial  pressure  plays  in  causing  choked  disk  is 
evident  from  the  fact  that  often  the  swelling  of  the  papilla  diminishes  directly  after 
the  pressure  has  been  reduced  by  lumbar  puncture.  Hence  operators  have  trephined 
the  skull  in  order  to  produce  a  permanent  reduction  of  the  intracranial  pressure  in 
brain  tumors  and  in  hydrocephalus,  and  by  this  means  have  secured  subsidence  of  the 
neuritis  and  improvement  of  sight.  Trephining  is  particularly  advisable  in  those  cases 
in  which  the  brain  lesion  itself  Ls  curable,  and  hence  especially  in  meningitis  serosa.  In 
this  disease  by  trephining  promptly  it  may  be  possible  to  prevent  a  permanent  blind- 
ness being  left  after  the  main  disease  has  been  cured.  [Even  in  inopers^le  brain  tumors, 
trephining  to  produce  this  cerebral  decompression  is  indicated  as  a  palliative  measure 
for  relieving  pain  and  saving  the  sight.  Horsley  lays  down  the  rule  that  no  case  of 
optic  neuritis,  not  due  to  general  infectious  disease  or  toxic  causes,  should  be  allowed 
to  go  on  to  blindness  without  an  operation.  In  pretentorial  growths  the  site  of  the 
trephining  should  be  temporal,  in  subtentorial  growths  should  be  suboccipital  (Frazier 
cited  by  De  Schweinitz).  Incision  of  the  sheath  of  the  optic  nerve,  reconunended  by  De 
Wecker  and  others,  is  said  to  act  in  the  same  way  as  trephining  and  lumbar  puncture. — D.J 
The  diseases  of  the  brain  which  are  complicated  with  optic  neuritis  are  partly 
focal,  partly  diffuse  affections.  Among  the  former,  it  is  above  all  the  tumors  of  the 
if  rain  which  result  in  neuritis,  usually  under  the  form  of  choked  disk.  Neuritis  in  this 
cane  is  so  frequent— it  is  said  to  be  wanting  in  only  10  per  cent,  according  to  others 
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in  2Ü  to  ^  per  cent  of  cerebral  minors — timt  it  fomid  one  of  their  most  important 
eymptoms.  This  symptom  in  the  more  deserving  of  consideration  ituism^ch  as  a  cere» 
bnd  tumor  may  often  run  it«  course  for  ii  long  time  without  prodtieing:  any  other  posi- 
tive ojinptoraa — -e.  g.,  it  may  «imply  catise  fieadache,  or  even  thia  may  be  wanting. 
A^tordiftgiy,  in  et^ry  case  in  which  there  u  a  HUHfdvum  «/  the  e^v^tevtr  of  a  rercbral  affec- 
tion, tha  jundws  of  the  eye  shmlfi  ite  examined  mtk  the  ophthalmoscope .  This  is  the  more 
neoeassry,  «ince  choked  disk  suiTietimes  fails  to  manifest  itself  l>y  any  ilisrurbaixoe 
of  tii©  vision.  This  in  explained  by  aÄSiiming  that  in  choked  disk^iu  the  beginning^ 
at  least — there  m  simply  a  state  of  aHleitm.  The  disturbance  of  vision  is  accordingly 
produced  by  comprestiion  of  the  nerve  fil>ers  due  to  the  cpdenmtous  swelling.  The 
degree  of  this  compression,  however,  cuti  not  by  any  means  l)e  deternuned  frotn  the 
ophfhahnoscopic  appearance,  «o  that  normal  sight  may  be  present  along  with  a  m^urilis 
which  with  the  Ophthal mosco|X'  apfxjars  very  pronounced.  In  uuuiy  nf  these  cases  the 
blindness  docs  not  eome  on  till  later,  sonietime>i  not  till  the  advenl  of  neurit ic  atrophy* 

Neither  the  size  nor  the  situation  of  the  new  growth  is  of  im|Tortaiice  i«  determin- 
ing the  dovelopnient  of  a  chftkcni  disk.  (1i«»ked  ^lisk  has  been  stnin  with  tumors  which 
«carcely  reached  the  size  of  a  walnut;  at  fUher  times  neuritis  is  absent,  although  the 
tumors  anL'  verj*  large.  Evidently  other  factors  have  to  be  considered  and  eB|3ecially 
the  site  of  the  tumor.  Tumors  in  the  pistcrior  foesii  of  the  skull  (e.  g.,  tumors  of  the 
cerebellum)  are  the  ones  most  often  causing  choked  disk.  In  the  posterior  fossa  of  the 
«okidl  the  space  is  henmied  in  by  the  tentorium  which  stretches  over  it  and  is  but  slightly 
3rielding.  lluis  there  is  readily  produced  compression  of  the  iiqueduct  of  Sylvius  or 
of  (he  vena  magna  (Jaleni,  and  cotmetiTient ly  a  stasis  of  the  eerebrrjspinal  fluid  in  the 
anterior  ventricles  of  the  l>rain  (dropsy  of  the  ventricles).  r>n  the  other  hand,  the 
fact  tliat  baMil  tumors  rarf^y  produce  choked  disk  is  accoutited  for  on  the  grmind  that 
such  tumors  may  block  the  orifice  by  wliich  the  inter%'agrnal  space  of  the  optic  nerve 
opens  into  the  cranial  cavity,  so  that  the  cerebrospinal  fluid  doe^  not  enter  the  space. 

Moreover,  with  tumors  of  the  brain  there  may  occur  Ufit  only  engorgeftienl  neu- 
ritis, but  also  desc*emiing  neuritis  and  simple  ntrophy  of  the  optic  nerve.  Descending 
neuritis  takes  place  when  the  tumor  cx^Mtos,  in  its  immediate  neightwrhood,  an  inflam- 
mation which  is  transmitted  to  the  optic  nerve.  *SimpIe  atrophy  may  W,  produced 
because  the  tumor  exerts  a  direct  pressure  upon  the  clilasm  or  the  optic  tracts,  and 
thus  causes  their  effacement.  An  example  of  this  is  furnished  by  the*  in1cn:?sting  cases 
of  t\imor  of  the  hyjx^phj'sis,  which,  by  pressing  upin  the  chiasm  causes  atrophy  of 
the  itptic  ner\'cs  with  temp>ral  hemiopia  (see  jiage  581),  In  other  ca^^cs  an  accumu- 
lation of  fluid  takes  place  in  the  third  ventricle  in  consec|tience  of  the  ttmmr,  so  that 
the  greatly  distended  anterior  inferior  extremity  of  the  ventricle  presses  upi^n  the 
chiasm.  In  this  way  amaurosis  devciops  with  cerebml  tumom,  either  without  any 
opbtlialmoscnpie  evidence  at  all  or  under  the  guise  of  a  primarj"  atrophy. 

Among  the  hical  afTections  of  the  brain  which  may,  although  but  mrely,  cavise 
neuritis  must  Ik*  eivumerated  foci  of  softening,  abscesses,  thrombosis  of  the  sinuseSj 
aneurisms,  apoplexies,  and  cysts  (among  these  Cysticercus  and  echinot^occus  cysts). 
Among  the  diffuse  affections,  disseminated  sclerosis,  acute  and  chronic  meningitis» 
and  hydrocephalus  give  ri.%<*  to  neuritis.  The  two  ailections  last  named^  together 
with  tuliercles  of  the  brain,  are  the  most  frequent  cause  of  neuritis  in  children.  Fre- 
quently such  childrfm  are  not  brought  to  the  oculist  until  later  in  life,  when  he  ßnda 
a  neurit  ic  atrophy  as  the  cause  of  the  liljtrdness,  and  can  determine  from  the  history 
of  the  case  that  a  severe  cerebral  affecijon  has  precedeti  it.  This  form  of  hlindnees 
j8  incurable.  Xr»t  to  Ix"  confotmded  with  it  are  thcjse  rare  cases  in  which  children  be- 
come Itlind  without  known  cause  and  without  any  ophthalmoscopic  change  in  the 
fundus,  This  variety  of  blindness,  the  cause  of  which  is  at  present  unknown,  some- 
times disjippcars  (Nettleship).  Some  cases  of  neuritis  due  to  hydrocephalus  are  known 
in  which  a  continual  dropping  of  fhiid  (cerebrospinal  fluid)  takes  place  from  the  nose. 
Neuritis  also  occurs  sometiuics  in  malformations  of  the  skull  (particularly  the  kind 
known  as  peaked  skull— "Thurmsch;idpr')  and  injurit^  of  the  skull  (csjiecially  frac- 
tures of  t lie  base,  with  conjsc*quent  meningitis). 
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Neuritis  has  also  been  observed  as  a  rare  complication  in  spinal  diseases,  partic- 
ularly in  acute  myelitis,  in  tetany,  and  in  multiple  neuritis. 

The  optic  nerve  reacts  in  a  most  sensitive  way  to  disturbance  of  nutrition  of  the 

general  organism.    Among  such  disturbances  must  be  classed  above  all  the  infectious 

diseases;    and  neuritis  occurs,  although  rarely,  in  the  acute  exanthemata  (measles, 

'smallpox,  scarlet  fever),  and  also  in  typhus,  diphtheria,  pneumonia,  influenza,  and 

whooping  cough.    Amonp^  chronic  diseases  that  are  to  h^  planftd  jp  i>i<»  «»AtT^o  ^atogr^iy 

Ibuminuria,  diabetes,  scrofulosis,  and  anaemia.  In  the  female  sex  there  is  some- 
times a  cumiwttiuu  btilWflfifl  lh6  neuntis  and  ihe  genital  system,  in  that  neuritis  sets 
in  simultaneously  with  disturbances  of  menstruation,  with  pregnancy,  or  with  lacta- 
tion. These  cases  usually  give  a  good  prognosis,  even  when  they  get  to  the  pwint  of 
producing  complete  blindness  for  the  time  being.  Externally  similar  to  the  conditions 
just  spoken  of,  but  etiologically  quite  different,  are  those  cases  in  which  an  amenor- 
rhoea and  a  papiUitis  develop  as  symptoms  running  parallel  with  one  another,  both 
being  the  result  of  a  brain  disease  (tumor  or  serous  meningitis). 

Of  poisoning  in  the  narrower  sense  of  the  term,  there  should  be  mentioned  besides 
lead-poisoning,  that  produced  by  alcohol  and  iodoform.  Moreover,  a  few  cases  of 
neuritis  have  been  known  that  have  undoubtedly  developed  in  consequence  of  great 
chilling  of  the  body.  Lastly,  there  should  be  mentioned  in  this  connection  the  cases 
of  neuritis  and  atrophy  of  the  optic  nerve  that  have  been  produced  by  a  stroke  of  light- 
ning. 

(6)  Retrobulbar  Neuritis, 

1Q2. — Retrobulbar  neuritis  is  located  in  the  orbital  division  of  the 
optic  nerve.  Hence,  upon  ophthalmoscopic  examination,  we  find  in 
the  papilla  either  no  changes  at  all  or  changes  that  are  insignificant 
and  not  characteristic;  but  later,  after  the  disease  has  subsided,  the 
signs  of  atrophy  frequently  make  their  appearance  there.  This  is  the 
case  when  destruction  of  the  fibers  of  the  optic  nerve  has  taken  place 
within  the  region  occupied  by  the  focus  of  inflammation.  The  periph- 
eral portion  of  the  divided  fibers  then  undergo  an  atrophy,  which  is 
slowly  transmitted  to  the  papilla,  where  it  becomes  visible  with  the 
ophthalmoscope  (descending  atrophy).  Owing  to  the  absence  of  dis- 
tinct ophthalmoscopic  changes  in  the  recent  cases,  the  diagnosis  of 
retrobulbar  neuritis  must  be  made  from  the  other  symptoms,  and 
mainly,  in  fact,  from  the  way  in  which  the  vision  is  affected.  In  a  few 
cases  the  disturbance  of  vision  may  increase  to  the  point  of  complete 
blindness,  but  in  most  cases  is  confined  to  the  central  portions  of  the 
visual  field  which  are  supplied  by  the  papillo-macular  bundle.  There 
is,  therefore,  a  central  scotoma  in  the  field  of  vision.  [A  central  scotoma 
due  to  optic-nerve  disease  is  distinguished  from  one  due  to  central  cho- 
rioiditis or  retinitis  by  the  fact  that  in  the  former  there  is  no  change  in 
the  apparent  size  or  shape  of  objects  in  or  about  the  scotoma  (retinal 
metamorphopsia;  see  page  114)  and  that  the  first  colors  to  disappear 
are  red  and  green.  In  primary  disease  of  the  macula  retinal  meta- 
morphopsia is  usually  present,  and  a  scotoma  for  blue  develops  before 
that  for  red  or  green  (Mauthner). — D.] 

Retrobulbar  neuritis  is  either  acute  or  chronic  in  its  development. 
One  portion  of  the  toxic  amblyopias  (see  §  114)  is  thought,  by  many, 
to  be  a  chronic  retrobulbar  neuritis.    In  general,  retrobulbar  neuritis  affords 
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a  good  prognosis,  since  in  cases  which  are  not  too  far  advanced  the  sight 
usually  be  brought  back  again  to  the  normal. 

The  acute  füriu  of  relrtiKmlbar  tieLirilis  \s  rhärHctfrized  by  the  Huddennese  with 

jiifUifb  the  disturbiint'e  of  visioii  di^velops.    In  ihe  severe  eaavs  lliit*  failiim  of  »ight  may 

ttain  such  a  degree  within  a  few  dayi^  that  all  perception  of  light  is  abulia  lied.     Ex- 

fcmaJJy,  the  Uiseas&d  eye  look^j  normal;    the  pupil,  however,  is  often  a  little  dilated. 

The  opjitiialmoscope,  t4X),  show»  aearc^ly  anything  lienides  stmie  cii.siention  of  the 

retinal  vessels.*     These  ajTuptonia  are  often    iiccornpanied    by  violent    lieatlache  or 

by  didl  pain  in  the  orbit ^  the  latter  being  aggravated  if  ttie  patient  move«  his  eye  or 

if  the  attempt  is  made  to  ptwh  it  back  in  the  orbit.    Sometimes  both  eyes  are  attacked 

by  tliii*  ditieuäc^  at  tlie  same  time. 

Acute  retrobulbar  neuritis  18  either  the  result  of  an  inflam  ma  I  km  of*  the  Burround- 
ing  orbital  tissue  or  there  k  an  idiopathic  inf!anmiation  of  the  nerve.  Cases  of  the 
former  kind  originate  most  frequently  in  tlie  nose  in  cai^es  in  which  a  violent  coryxa 
hBB  developed  from  the  effect  of  cold,  influenza,  etc.  The  catarrh  of  the  nasal  cavity 
pusses  to  the  accessory  »iniise«  of  the  nose  and  CKpeeially  to  tlie  ethmoid  ccllnj  and 
thence  the  inflammation  is  transmitted  dircM'tly  to  tiie  orbital  tissue  and  to  the  optie 
nerve  (compare  §  135),  As  a  direct  proof  of  the  presence  of  an  inflammati<»n  of  the 
retrobull>ar  i-ellular  tissue,  we  not  infretjuently  find»  in  such  cases  a  slight  amount  of 
exophthalnnw,  and  also  jjaralysis  of  some  <rf  the  eye  nitiscles,  especially  those  which 
he  close  to  the  inner  and  upper  watl«  of  the  orbit  (inleinal  rectus,  KU(>erior  ot>li(|ue, 
levator  palpebne,  and  the  superior  rectus).  When  then  as  so  frequently  liappens  a 
cold  is  given  as  the  cause  of  tlie  trouble,  the  nose  is  always  to  te  examined,  since  upon 
the  result  of  this  examination  will  depend  the  treatment;  and  if  there  is  a  demonstrable 
disease  of  the  accessory  sinuses  these  wiM  require  to  be  treated  and,  to  elTect  this,  will 
often  even  require  to  be  oijened.  In  other  cases  cold  apjiears  to  cause  acute  retrobul- 
bar neuritis,  as  it  does  other  jieripheni!  neun  tides,  directly,  j,  e.,  without  implication 
of  the  nose.  An  idiopathic  inttiiumiation  of  the  optic  nerve  must  also  L>e  assumed  to 
exist  in  disseminated  sclerosis,  in  which  the  retrobulbar  neuritis  often  occurs  as  a 
^verj*  early  symptom;  also  in  general  affections  s\jch  as  acute  infectious  disea^s,  toxic 
onditione,  and  variou.s  disturbances  of  nutrition,  in  which  an  acute  retrobulbar  neu- 
Itis  may  be  found  in  place  of  a  papillitis.  The  hereditary  form  of  neuritis  albo  usually 
appears  under  the  guise  of  an  acute  [biluteral]  retrobulbar  neuritis. 
^^  In  benign  ease^  (those  due  to  cold  or  to  nasal  affections)  the  disease  subsides  verj" 
^HUtckly;  the  »igbt  gets  l>etter  every  day^  so  that  i?i  fr<mi  two  to  four  weeks  it  is  once 
^Hpore  pretty  nearly  normal,  in  other  cases  the  cure  takes  a  longer  time  and  is  then 
^^■rdtnarily  incomplete,  a  centnd  scoli>nia  remaining  [csiT^'cially  in  the  hereditary  form], 
^^feut  in  rare  cases  there  ia  left  a  total,  f»ermanent   blindness,  so  that  it  is  impossible 

at  the  outset  of  the  disease  to  state  the  prognosis  with  certainty. 

^^         Recurrences  of  the  disease  are  sometimes  ob8er\'ed  even  after  the  lapse  of  years. 

^ft        The  treatment  of  the  dis<*aae  requires  above  all  the  consideration  of  the  causal 

^B^tor  (the  nose).     In  the  way  of  symptomatic  treatment  energetic  diaphoresis  proves 

-  particularly  effective  in  the  acute  stages;   jn  addition  the  forms  of  treatment  given  for 

apillitia  (page  585)  are  to  l>e  considered. 


II.  Atrophy  of-Thf:  Optic  Nervk. 

103.-- Atrophy  of  the  optic  nerve  develops  either  ay  a  primary  alTec- 
tion  or  as  secondary  to  an  antecedent  inflanimution.  We  accordingly 
distinguish  between  simple  and  inflammatory  atrophy. 


*  Soiiieti[Di>(*,  on  the  contrary,  tAchiftnls  of  the  r«tin«  ia  prcMnt  vlira  the  eentjml  ^ 
tted  to  comprenirjoT»  in  the  inflapierl  portion  of  the  oplic  »n?rx  e. 


I  are  nub- 
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(a)  Simple  (primary  or  genuine  or  non-inflammatory)  atrophy  is 
distinguished  by  the  papilla  becoming  paler,  and  at  length  perfectly 
white  or  bluish-white  and  also  becoming  sharply  defined  and  slightly 
excavated  (atrophic  excavation;  see  page  466) ;  the  gray  dots  of  the  lamina 
cribrosa  are  visible  more  distinctly  and  over  a  larger  area;  the  more 
minute  blood-vessels  of  the  papilla  itself  have  disappeared,  while  the 
retinal  vessels  are  not  markedly  altered  (in  contradistinction  to  inflam- 
matory atrophy,  in  which  the  latter  are  narrowed,  too).  As  the  atrophy 
increases,  the  sight  is  reduced  until  there  is  complete  blindness.  The 
causes  of  simple  atrophy  of  the  optic  nerve  are:  L  Primary  degenera- 
tion nf  th^  nntif;  pprvp.  This  is  found  above  all  in  tabes,  which  is  by  far 
the  most  frequent  cause  of  the  simple  form  of  optic-nerve  atrophy.  In 
the  oamß  way,  though  less  often,  optic-nerve  atrophy  is  associated  with  a 
ooüdition  allied  to  tabes,  namely,  progressive  paralysis  of  the  insane.  Optic- 
nesrve  atrophy  usually  develops  in  the  initial  stage  of  tabes  at  a  time  when 
the  ataxic  symptoms  are  slight  or  absent,  and  the  diagnosis  of  tabes  is 
not  yet  readily  made.  It  is. therefore  a  fact  of  great  value  to  us  that  we 
know  two  other  symptoms  which  likewise  usually  make  their  appearance 
very  early.  One  of  these  symptoms  regards  the  pupil,  which  no  longer 
reacts  to  light  (Argyll-Robertson  pupil,  page  375),  and  is  generally  also 
greatly  contracted  (spinal  miosis,  page  432).  The  other  symptom,  dis- 
covered by  Westphal,  is  the  absence  of  the  patellar  reflex.  Spinal  atrophy 
of  the  optic  nerve  always  affects  both  eyes,  although  not  necessarily  both 
at  the  same  time.  It  advances  slowly  but  surely  until  there  is  complete 
blindness,  and  hence  has  rightly  earned  the  name  of  progressive  atrophy. 
Simple  atrophy  of  the  optic  nerve  is,  moreover,  a  frequent  complication  of 
disseminated  sclerosis.  These  cases  are  characterized  by  their  irregular 
course — at  times  by  transient  improvement  of  sight — and  they  rarely 
lead  to  complete  blindness.  2.  A  break  in  the  line  of  conduction.  This 
may  be  intracranial  in  site,  a  tumor  or  other  focal  affection  com- 
pressing the  nerve  itself  or  the  chiasm  within  the  skuIT  in  this  case  the 
atrophy  is  propagated  gradually  from  the  site  of  the  break  in  the  line  of 
conduction  down  to  the  intra-ocular  extremity  (descending  atrophy). 
The  break  in  the  line  of  conduction  may  also  evidently  be  located  near 
the  periphery — i.  e.,  in  the  orbit  where  the  optic  nerve  may  be  thrown 
into  a  state  of  atrophy  by  inflammations,  injuries,  or  as  a  result  of  com- 
pression by  tumors.  Atrophy  bv  q.  break  jn  thf  linp  nf  nnpf^y^figp  m^yi 
give  the  same  ophthalmoscopic  picture  as  tabetic  atrophy.  Bnt  wKilp 
in  thejatter  the  pallor  oLihe  optic  nervejcan  b€_jnade  out  at  th^  verv  same 
time  that  tne  deterioration  in  sip^ht.  begins,  in  thg^foQQgu^jQficiirägu^^LU^ 
to  the^ deterioration  m  sight,  sinfip  i^^  fif^lfA«  gnmp-Jiiin<^-^^zPv<>rQi  urm^ifg 
at  least,  and  usually  longer — for  the  degeneration  of  the  optic-nerve  fibers 
to  trayej  from  the  point  where  the  break  is  sitiiAt^H  down  to  the  papilla. 

(Ej  inflammatory  atrophy  of  the  nerve  is  the  form  which  occurs  as 
the  final  result  of  a  neuritis  or  a  retinitis  (neuritic  or  retinitic  atrophy). 
Inflammatory  atrophy  is  distinct  from  the  simple  variety  in  its  opthal- 
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lOflcopic  fpatiir€\s  as  well  a*^  its  origiti,  because  ii\  it  the  papilla  is  trav- 

xl  hy   eoimeetive  tissue  foniieti   l)y   an  organi nation  of  the  exudate. 

In  neuntic  atrophy  the  papilja  is  at  first  of  grayish-white  color,  arul  its 

argjns  aro  slightly   hazv :  the  ^' pins  ?irp  vprv  distenden   and   tortiiüUg. 

fi(Tvva.r<l  tiie  [>ai>ilhi  Ix^eomes  of  a  pure  white  or  bluish -wlute,  [)ut  we 

^1  to  view  asXu  >imple  atroph  v.    The 


do  not  see  tin 


amtna  crihrusa  expose^ 


,     mal 


papilla  is  now  siiar|)ly  tleiiueti  but  is  oft*"!!  stnaller  than  normal  and  irreg- 
ular, as  though  it  ha*l  been  shrunken;  both  arteries  and  vt^ins  are  con- 
Iracted  and  are  freoiientlv  inelos^^<i  within  white  streaks.  There  islTten 
3und  about  the  pajiiJIa  an  irregular  <le(*nIonzation  ot  tht^  chorioid  ininKHfi» 
tely  a(lji>inmg  if.  In  rd/m/7r  atn)phy  the  pafnlla  looks  cloudeil  and  <>T 
.  dirt>^t;rayish  rcxl.  Its  outlines  tirv  faint,  and  ihii^ssels  are  irnMiTTy 
hiniied  and  often  have  entirely  disap|>(vned  (F\ii.  257). 

The  prognom.s  of  atrophy  of  the  optic  nerve  is  in  jic^neral  unfavor- 
able. Cases  of  simple  atrophy  for  tlie  most  part  lead  to  complete  blind- 
ness. Inflammatory  atrophy  affords  a  somewhat  l^etter  prognosis,  since 
the  amount  of  sight  which  the  neuritis  or  retinitis  has  left  is  usually  per- 
manently preserved.  Treaiment  consists  primarily  in  the  management 
the  causal  disease.  For  the  lesion  of  the  optic  nerve  itself  potassium 
ide,  injections  of  strychnine,  and  the  constant  lor  high  frequency) 
current  applied  to  the  eye  itself,  are  employed;  unfortunately,  however, 
generally  with  but  slight  success. 

The  disturbance  of  sight  in  atrophy  always  affects  not  only  direct  vision,  but 
aim  the  vi^uai  fieJtl,  which  is  iuiiTki  to  lye  dimiaiahed.    Sector-shaped  defects  or  eon- 
centric  contraction  of  the  visual  field  are  the  most  frequent  forms  under  which  this 
occurs.     Color  b!indnes8  also  sets  In  r^n-f|v-  fu-sf  for  red  and  ^reen,  and  la^st  of  ail  for 
blue,  which^co^nr,  inerptnrc,  is  reeogimiHl  the  longest,     jiy  tlüa7-i  re  urn  stance  atrophy 
is  dktingubhe^J  from  glaut^onia  siniplex.  which  aometmios  shows  ühhIi  rf^cmhilipce 
to  H,  bul  which  is  not  ordmarily  auWclLited  with  color  hlinilnc!^!^  UTitil  kU^ta  Its  rtjurae. 
^Simple  atrophy  is*  loonti  inowt  iretjuenfly^in  niiddlf  lile.  „Jff '(*himn:«(i  it  aJraoat 
jaever  occura;  tht*  atrof»hy  of  childhood  is,  as  a  rule,  neuritic.    ^len  are  more  frequently 
eked  by  simple  atrophy  than  women,  a  fact  which  h  dejierident  ui>on  the  neater 
li^ponition  of  the  male  sex  to  spinal  affect  ions,     lajild  pcM^ple  a  low  detrrf<>  g^  npn- 
iflammalorv  atrophy  of  the,  optic  nerve  scanictiinfs  orcui^.  eau--^^nl  by  alhrrom.'ktoua 
Üse^ige  of  the  internal  carotifl  or  of  the  öphthalmi»'  artery.     In  tins  i-iusc  the  veiss<Ts  by 
^ISbtt  preH5nirt*Tncy  ritüse  mdure  a  pari  nil  atrophy  of  theot>tir  nerve,  which  for  a  eertaiii 
of  their  rourse  they  three tly  adjoin  (Bemheimer,  Sachs,  Otto). 
Treatment  with  mercury  h  intlicalH  in  tlios^e  eases  only  of  op  tie-nerve  atrophy  of 
iiich  it  is  a.sHumciJ  ihi\t  they  art*  eanwcl  tlirectly  by  sypfiilitic  diiteaae  of  the  oi>tie  nerve 
or  iU  vicinity.    In  nptj^ifjvn  ■^^'''^[;/,^,'^^|'jfi  '|'^  tnlif  s  or  n?irt>^i_M^^lisr>rfif^rs  which  are  in  the 
\wii  analyms  attribiiun)rM^^yp?mi?— ^venn^rTl^  often  gsee  the  decline  of  vL'^ion 

vokf  mercury. 


III.  Toxic  Amblyopia. 

104.  Poisons  may  intt-rftTe  with  vision  in  various  ways,  by  causing 
Kther  paralysis  of  the  eye  muscles,  of  the  sphincter  ptipilte,  and  of  accom* 
modation,  or  by  causing  disease  of  the  light-perceiving  apparatus,  i.  e., 
the  retina  and  optic  nerve.  We  shall  speak  here  only  of  affections  of  the 
latter  class  which  are  comprised  under  the  name  of  toxic  amblyopias. 
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In  acute  conditions  of  poisoning,  blindness  sets  in  either  suddenly,  as  after 
large  doses  of  quinine,  filix  mas,  or  methyl  alcohol,  or  at  least  within  a  few 
days,  as  occurs  with  atoxyl;  in  chronic  poisoning,  of  which  that  caused  by 
nicotine  and  alcohol  should  be  mentioned  here  asjjeing  the  most  frequent 
form,  the  ambly-opia  develops  very  gradually,  and  is  limited  tp  a  central 
scotoma.    A  third  group  is  formed  by  lead  poisoning. 

1.  In  acute  quinine  poisoning  (after  doses  of  [less  than  one  to]  three  gm.  or  upwards) 
sudden  blindness  sets  in  with  hardness  of  hearing  or  complete  deafness.  In  most  casn 
the  blindness  disappears  again  gradually  but  incompletely,  amblyopia  and  a  markedly 
contracted  visual  field  remaining  permanently.  Even  at  the  irery -beginning  we  find 
with  the  ophtMlmoscone  exnfifwive  atteni^|yn  of  ^e  reunai  y«Mi**tt  with  w^ich  ja 
afterwarn  ftasyy-jAt^Kpallor  of  tKe  disk.  Anatomical  investigation  in  quinine  poisop- 
ing  producea  experimentaliyi^TSSPshows  during  the  very  first  *days  a  destruction 
of  the  ganglion  cells  of  the  retina  (Holden,  Druault),  these  being  primarily  attacked 
by  the  poison,  and  as  a  result  of  the  death  of  the  ganglion  cells  a  degeneration  of  the 
norve  fibers  in  the  optic  nerve  very  soon  sets  in.  Sudden  blindness  also  occurs  after 
poisoning  by  salicyl  preparations  [including  oil  of  wintergreen],  filix  mas,  pomegranate- 
root  bark,  atoxyl,  arsacetin  [osmic  acid,  potassium  chlorate,  and  acetanilide]  (substancee 
which  are  taken  as  medicines),  and  by  methyl  alcohol,  which  is  used  as  an  intoxicating 
beverage.  (In  this  country  there  have  been  many  cases  of  blindness  from  methyl-alcohol 
poisoning.  In  a  few  cases  this  has  occurred  from  inhalation  of  the  vapor  (as  in  shellac 
workers),  but  generally  from  drinking  cheap  liquor,  Jamaica  ginger,  or  other  liquids 
which  have  been  adulterated  with  deodorized  wood  alcohol  ("Columbian  spirits"). 
Blindness  is  almost  always  complete  and  permanent. — D.j 

2.  Nicotine  and  alcohol  amblyopia  owe  their  origin  to  a  chronic  poisoning  by  these 
substances.  Nicotine  gives  rise  to  poisoning  more  often  than  alcohol,  but  very  fre- 
quently the  two  poisons  act  together,  the  person  affected  being  at  the  same  time  a  great 
smoker  and  a  great  drinker.  The  symptoms  in  the  two  cases  are  the  same.  The  dis- 
turbance of  vision  sets  in  so  gradually  that  the  patients  are  for  the  most  part  unable 
to  tell  exactly  when  it  begins.  At  first  medium-sized  print  can  still  be  read,  afterward 
the  reading  of  ordinary  print  becomes  impossible.  The  reduction  in  the  visual  acuity 
is  almost  always  the  same  in  both  eyes — ^a  fact  which  distinguishes  this  from  other 
intra-ocular  affections,  such  as  cataract,  chorioiditis,  atrophy  of  the  optic  nerve,  etc., 
in  which  the  two  eyes  are  usually  affected  to  a  different  dejj;ree.  * 

The  symptom  of  nyctalopia  is  particularly  characteristic.  The  patient  declares 
that  he  sees  much  better  in  the  evening  than  in  the  daytime;  indeed,  in  recent  cases 
he  often  imagines  that  in  the  evening  he  still  sees  as  well  as  he  used  to  do,  and  that 
it  is  only  in  the  daytime  that  he  has  a  troublesome  cloud  that  dazzles  iiis  sight.  Objec- 
tive examination  shows  that  really  in  most  cases  no  observable  improvement  takes 
place  when  the  illumination  is  reduced;  but  the  annoying  sense  of  dazzling  is  done 
away  with,  so  that  the  patient  believes  that  he  sees  better.  In  some  cases,  however, 
I  have  been  able  to  make  out  a  real  improvement  in  the  sight  upon  diminishing  the 
illumination.  One  of  these  patients  read  finer  print  and  read  it  better  when  he  put 
on  dark-gray  goggles  than  he  could  do  with  the  naked  eye.  Another  patient,  a  coach- 
man, could  still  recognize  in  the  evening  the  numbers  of  the  houses  to  which  he  had  to 
go,  while  in  the  daytime  he  no  longer  was  able  to  do  it. 

Many  patients  also  declare  that  they  cannot  recognize  red  colors,  particularly 
of  small  objects,  as  well  as  they  used  to  do.  Their  acquaintances,  they  find,  look 
ill  because  their  cheeks  appear  to  them  to  be  of  a  waxen  yellow.  Innkeepers,  who 
arc  particularly  apt  to  be  affected  with  tobacco  amblyopia,  complain  that  they  can 
no  longer  distinguish  between  copper  and  nickel  coins,  since  they  no  longer  appreciate 
the  dilTerence  in  color. 

Objective  examination  shows  but  slight  ophthalmoscopic  changes.  In  recent 
cases  the  papilla  is  usually  somew^hat  hjrpencmic;  m  ine  older  cases,  on  the  contrary, 
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it  htL^  gro\m  palor  m  it.^  temporal  hiilf._Rut  these  changes  are  often  so  little  pronounced 
thill  iSl\i  niAy  nay  timt  tiic  riKult  of  ex:i  mi  nation  is  negative. 

Examination  t>f  the  vit^ion  ^how.^i  a  miKJorato  diminution  of  thp  visual  acuity, 
which  has  its  rauso  in  a  cn>ntni1  t:tcoLO|^ia{Mg,  277K  fhis  srüiurna  furnrs  a  honzoiital 
ovaL  cxtcnriinpTri^ni  the  maruh^  In^lTa  to  (hi'  hHrnl  8fK>L  aitKl  cormKpmMliD^;,  there- 
fore, to  tht-  mat  uli>>;^>ai3ilhii-v  riLnrtn~|jf  tho  r^tiiriü  Häü^T  '>ri7i  At  hrnt  tTir re  is  simpiy 
a  color  scQtoam/  \ü  ^ap  is  fcuLnd  in  the  ÜA<\  of  visioti  if  i(  is  tr^strd  by  means  of  a  white 
ftbirrt;  but  a  rod  or  e.rovTi  uuirk  muUr^ov^  ii  rUiinii,f  o\  rolor  m  tT7<;  rrtrion  nl  thP*Kpfnoma, 
It  appears  \ess  highly  coC/red  than  in  the  other  [Mitt ions  *)f  ihr  fi^'iii  of  visitm,  jiiid lat^^r 
on  appears  p^-rfcetly  folorless. 
in  this  portion  of  tln^  vi.sual  hi 
scotoma  has  now  beeonie  absohife  (see 
page  105),  and  the  vision  has  become 
retluced  to  the  Imvi'st  f>oint  that  it  ean 
reach  in  this  disea.se.  The  outer  limit  a 
of  the  visual  field  alvvä\'8  re riKiin  nor- 
mal, ariij   romjtlf^n  |>|^T|llnr's^i    i^   jjtt^r 


%n  m  itie  other  fMirtiunn  *)f 
Later  still,  the  mark  disappears  altogether  from  view 
I;  the 


fore  noito  Ih 

Jeätrovt'i 


liled,  In 


i[mreUy^^l(  il,  hut 
nd    with 


hrect 
it  the 
Owing 


Fm.  277, — FtiUJ  or  Vtsio?i  or  tit b  Left  Etb  or  jk 
\f  AN  AvmmsQ  noM  Tobaccxi  Amolyopia. 

The  visual  fi«ld  when  re!*te^  with  n  white  Dbj«Hct 
(ahowu  by  the  poriimi  left  while  im  thn  fijtun;)  i« 
norm»!.  When,  howi'ver,  tho  eiamicmtjion  ie  miido 
with  a  red  objeHpt.  n  rctitrit  «ootoma  ia  fouad  hftvmff 
an  cxt«cit  rpprcsonit^d  by  th<»  shmiteid  arna  whica 
forma  an  irreKnilAr  ovnl.  The  smMll  black  cLrele  com- 
priwet!  ta  ihU  area  ri^prcr^cat«  Manottc'i«  blind  spot« 


Vision    IS 

ability  to  c^rrj^  on  any  fine  work 

to  the  chronic  coun^e  of  the  disease,  it 

takeÄ  ai^^rii^s  of  |in>nt}m  for  t^Yi^pht 

to  be  red  need  iLS  Imv  :ls  thja;  and,  more- 

over,  rfuTemTeme  reciurfion  does  not 

occur  in  every  case. 

The  cause  of  tob  aero  amblyopia  is 
the  excessive  use  of  tobaeeo,  whether  by 
smoking  or  chewing.  The  diseoHe  is 
hence  found  almost  exelusively  in  the 
male  sex,  and  in  males  not  generally 
until  middle  hfe.  It  wouhi  thus  appear 
an  if  the  resist  an  le  to  nicotine  dimin- 
ishes with  age.  The  quantity  of  tobaeeo 
w^hieh  is  sufficient  to  bring  on  a  toba(*e<) 
amblyopia  varies  according  to  the  su.s- 
ceptibility  of  the  individual,  in  many 
cases  comparatively  small  amounts  of 

tobacco  sufficing  for  this  purposes  The  cbeaf>  varieties»  which  are  usually  richer  in 
nicotine,  and  also  moist  tobaeeo,  arc  more  dangerous  than  the  better,  dry  qualities. 
The  abuse  of  spirituous  beverages,  which,  to  be  sure,  is  very  usual  with  great  smokers^ 
favors  t!ie  dcvelopmttnt  of  tobaeeo  amblyopia;  but  amblyopia  alwi  oeeurs  in  smokers 
who  abstain  altogether  from  alcoholic  drinks. 

Treatment  consists,  above  all,  in  abstinence  from  tobacco,  and  it  is  probable  that 
m  hght  cases  this  alone  is  sufficient  to  eifert  a  eure.  To  aeeelerate  the  cure  we  employ 
iodide  ofjKJtassium  internally  or  h\T>ot!ermic  inject  ion  a  nf  >,^|rvphnine.  IStress  has  also 
been  fäitTon  tlir  miportanct*  of  preventing  intestinal  autotoxis  (by  suitable  dic^t,  purga- 
tion, fret*  wat^>r-iJrinking,  etc.).  Furthermore,  a.s  statf^l  tie  low,  the  urine  ought  to  Ik*  ex- 
amined in  ever>'  rase,  and  the  treatment,  modified  aeeordingly.  —  Dd  In  addition,  we 
prescribe  a  suitable  regimen  for  the  eves.  Recent  C3sc»s  in  which  iniddle-sizcfl  print  t?an 
still  be  read,  and  in  which  the  seotoma  has  not  yet  tjecome  absolute,  afford  a  good  prog- 
nosis^ since  a  perfect  cUff  is  usually  obtained,  although  one  to  two  months  are  required 
for  it.  In  oMiT  ea-^^s.  however,  in  which  even  quite  large  print  can  no  longer  be  read  and 
the  scotoma  is  absolut c,  a  complete  cure  is  fyr  the  most  part  im|M>ssible. 

Alcohol  amUijopia  also  does  not   usually  begin  before  middle  life,  and  occurs  as 
a  rule  only  in  spirit  drinkers.     It  is  frequently  combined  with  alcoholic  neuritis  of  the 
peripheral  nerves.    The  treatment  is  the  same  as  that  of  tobacco  amblyopia,  but  the 
3S 
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Indirect  injuries  of  tlie  uptic  nerve  occnir  not  infret|uently  in  consequence  of  in- 
tiries  of  the  ökuU  by  the  im|iact  of  ii  blunt  object  (a  blow  or  fall  njKjn  the  head,  etc  J. 
'In  such  caise-ä  there  js  part  ml  or  complete  bitndntJss  associated  with  the  sjTnptoms 
of  a  severe  injury'  t>f  the  «kuU  (tiie  signs  of  concussion  of  the  brain  or  of  fracture  of 
the  bas«»  of  the  skull).  Such  blindness  may  Ix^  unilateral  or  bilateraL  It  has  been 
demotiÄt rated  Ijy  the  investigations  of  Holder  and  iierlin  that  in  these  cases  we  are 

f&ahng  with  indirerl  fra*  turcs  of  the  walls,  particularly  of  the  upper  wall,  of  the  or  hit , 
hich  fractures  ar-e  ctjntinued  into  the  optic  canal,  so  thai  the  optic  nerve  in  the  latt-er 
cruabed  or  lacerated.  Several  weeks  or  months  afterward  there  is  developed  in  the 
ipllla  the  picture  of  simple  atrophy.  1  hese  cases  of  blindness  are  incurable. 
TuMORM  OF  THE  OPTic  Nerve.— The  optic  Derve  may  1m?  affected  with  tumor 
fonnation,  either  pritnarilv  f>r  i^f*i>o|n[^^plv  The  latitir  mo^t  |n-7|Ui'iitlv  bj^ppciis  thrüT^gb 
t he  gTOWtli  ol  uUra-ocuIar  tuntor-^T^ ueh  as  i^rconia  of  the  t  hnrioi d  a nd  Khonia  of  the 
retina,  back vs^rd  ninny  t'^**  ^t^^^^  np^vp  Frimarv^Jumors  of  the  optic  nerve  are  rare . 
^hey  comp*rise  fibromata,  sarcornata  with  variet ie«^  (ni^^xo^arcönm ,  p-sanmio-»arcöma, 
)  of  the  latter,  and  endotheliomata.  These  usually  spring  from  the  «heaths  of  the 
tic  nerve,  while  the  glioniata  develop  in  the  nerve-trunk  itself.  Pure  neuromata, 
ori^nating  from  the  nerve  fifxer«,  have  not  up  to  the  present  time  been  observed  with 
certainty  in  the  optic  nerve.  Primary  tumors  of  the  optic  nerve  begin  generally  in 
youth,  and  jtrow  verj'^  slowly.  They  cause  an  exophthalmus,  diBtiaguiahed  from  that 
occurring  with  other  orbital  tumors  by  the  fact  that  the  lateral  displacement  Ls  either 
eDlirely  absent  or  is  at  all  event«  inHignificanl.  The  mobility  of  the  eye  remains  good 
a  comparatively  long  tim<*;  on  the  other  hand — and  thi«  is  characteristic — bbndnes» 
ts  in  very  early.  With  the  ophthahnoHcope  we  find  at  first  neuritiit  with  the  venous 
orgcment  particularly  markeil;  afterward  atrophy.  In  many  cases  the  pctienfc 
shows  other  Hytnptoms  of  neurofibromatosis  (see  page  476),  Treatment  consists  in 
extiqjating  the  tumor;  in  doing  which  we  may,  under  certain  circumstance*»,  leave  the 
eye  in  place,     ISee  ^  167.1     Recurrences  after  operation  are  comparatively  rare. 

A  few  caaes  of  tuberculous  granulation-tumor  of  the  optic  nerve  are  ali^o  known. 
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Anatomv  of  Affections  of  the  Optic  Nerve. — Infinmmatwn  of  the  optic 
nerve  firtart«  from  its  connective-tissue  portions — that  is,  from  the  sheaths  and  the 
connective-tissue  septa.  In  the  sheatlw  there  ia  fmmd,  liesides  the  drofjgical  conditinn 
aliVfrdy  mentioned,  actual  inflammation  with  a  formation  of  a  cellular  exudate  (peri- 
neuritis). Within  the  tnmk  of  the  optic  nerve  the  inflammation  attacks  the  septa, 
which  show  thickening  i^ith  mulliphcation  of  their  nuclei  (interstitial  neuritis).  Ow- 
ing to  this,  the  bimdles  of  nerve  fibers,  which  are  inclosed  by  them,  are  compressed 
and,  undergoing  atrophy,  are  destroyed.  Accordingly,  in  neuritis  the  nerve  fibers  act 
mainly  a  passive  part. 

In  engorgement  neuntis  the  inflammatory  symptoms  are  limited  to  the  papilla^ 
while  the  trunk  of  the  optic  nerve  b.ick  of  the  lamina  cribrosa  \a  fairly  normal.  The 
main  feature  is  that  the  papilla  is  found  to  be  greatly  .swollen  by  an  accumulation  of 
oedematous  liquitl,  so  that  it  projects  like  a  nntshroom  into  the  interior  of  the  eye. 
and  i«  thickened  at  its  base  eo  as  to  fonn  an  actual  tumefaction  (neuritic  swelling^, 
Fig.  275,  n).  The  retina  is  pushed  as^ide  and  thrown  into  folds  by  the  enlarged  optic 
nerve.  Besides  the  redema  there  are  abo  found  extravasations  of  blood,  swelling  of 
the  nerve  fiber«,  and  the  evidences  of  a  scanty  rrüuliir  infiltration,  particularly  along 
the  blr»od*ve,8sels  (Fig,  275,  e).  Later  on.  the  f^Uidar  exudation  becomes  more  and 
more  pronunenf ,  and  in  the  subsequent  course  of  the  disease  leads  to  a  new  formation 
of  connefti%'e  tissue  within  the  papilla,  due  to  organization  of  the  exudate.  By  the 
erubsecpient  shrinking  of  the  connective  tissue  the  fillers  of  the  optic  nerve  are  rendered 
atrophic,  and  the  picture  of  neuritic  atrophy  of  the  optic  nerve  is  produced.  We  then 
find  in  place  of  the  tmpilla  a  network  of  connective-tissue  strand«;  and  among  them 
blood^veeeelfl  whose  walls  are  thickened. 
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Simple  atrophy  of  the  optic  nerve  occurring  in  tabes  appears  at  the  outset  under  the 
form  of  discrete  foci  of  disease,  which  appear  gray  upon  cross  section  and  which  lie 
in  the  trunk  of  the  optic  nerve.  These  changes,  which  ultimately  extend  over  the  entire 
cross  section  of  the  nerve,  are  usually  more  marked  close  to  the  eye  than  they  are  fur- 
ther back.  The  degenerative  process,  therefore,  starts  from  the  periphery — ^possibly 
from  the  retina  itself,  and,  if  so,  from  its  innermost  layers.  In  this  case  we  arc  dealing 
with  the  same  gray  degeneration  that  exists  in  the  posterior  columns  of  the  spinal  cord 
in  tabes.  The  nerve  fibers  lose  their  white  medullary  substance  and  are  transformed 
into  extremely  minute  fibrillse,  and  hence  the  entire  tissue  acquires  a  gray  and  trans- 
lucent appearance.  Between  the  remains  of  the  nerve  fibers  are  found  cells  filled  with 
granules  of  fat. 

In  the  later  stages  secondary  changes  occur  consisting  of  a  moderate  thickening 
and  sclerosis  of  the  connective-tissue  septa  and  multiplication  of  the  glia  nuclei;  but 
evidences  of  actual  inflammation  are  wanting  during  the  entire  course  of  the  process. 
In  disseminated  sclerosis,  on  the  other  hand,  a  proliferative  inflammation  of  the  con- 
nective tissue  and  of  the  glia,  occurring  under  the  form  of  insular  foci,  appears  in  the 
optic  nerve  at  the  very  outset.  Later  on,  the  proliferated  tissue  shrinks  and  the  nerve 
fibers  lose  their  medulla.  The  axis-cylinder,  however,  remains  intact  for  a  long  time, 
and  for  this  reason  the  sight  is  not  as  a  general  thing  completely  destroyed.  Hence, 
in  tabes  and  progressive  paralysis  the  primary  process  is  seated  in  the  nervous  elements 
(optic-nerve  fibers,  ganglion  cells  of  the  retina),  and  in  sclerosis  it  is  located  in  the 
supporting  structure  of  the  nerve. 

The  anatomical  condition  found  in  descending  or  ascending  atrophy  is  similar 
to  that  occurring  in  gray  degeneration  of  the  optic  nerve.  The  atrophy  reaches  its 
highest  degree  in  those  cases  in  which  the  eyeball  has  been  completely  destroyed, 
the  optic  nerve  in  this  instance  shrinking  in  the  course  of  time  to  a  thin  strand  con- 
sisting simply  of  connective  tissue. 


Disturbances  of  Vision  without  Apparent  Lesion. 

105.  The  expressions  amblyopia*  (weak  sight)  and  amaurosis^ 
(absolute  blindness)  are  in  use  as  terms  to  designate  disturbances  of 
vision.  The  former  designation  is  now  applied  only  to  those  cases  in 
which  the  weakness  of  sight  can  not  be  relieved  by  suitable  glasses, 
For  instance,  a  myope  who  sees  badly  with  the  naked  eye,  but  possedks 
the  full  amount  of  visual  acuity  with  the  correcting  concave  glass,  is 
not  amblyopic  but  simply  myopic.  Under  the  name  of  amaurosis  were 
formerly  known  those  cases  of  blindness  in  which  the  eye  had  exter- 
nally a  normal  appearance,  so  that  this  designation  was  equivalent  to 
the  expression  ''black  cataract"  (''schwarzer  Staar").  The  ophthalmo- 
scope has  thrown  light  upon  these  cases,  which  are  for  the  most  part 
referable  to  affections  of  the  chorioid,  the  retina,  and  the  optic  nerve. 
At  the  present  day  the  expressions  cerebral  amaurosis  and  spinal  amau- 
rosis are  still  used  in  the  old  sense;  those  cases  being  designated  by  these 
names  in  which  blindness  has  set  in  as  a  result  of  diseases  of  the  brain 
and  spinal  cord,  while  the  external  appearance  of  the  eye  is  normal. 
But  the  word  amaurosis  is  also  employed  at  present  in  a  wider  sense  as 
equivalent  to  total  blindness,  even  when  the  eye  shows  external  changes. 
Thus  we  say  of  an  eye  blinded  by  irido-cyclitis  that  it  is  amaurotic. 

Thanks  to  the  refined  methods  of  examination  with  glasses.  *ut 

*  Properly  bhmt-sightednews   from  ifißAv«,  blunt,  and  w^,  sight.  *  Jl^Mwpöc,  dark. 
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ao8t  of  all  thanks  to  the  ophthalmoscope»  it  is  at  present  possible  in 
aost  cases  to  discover  the  cause  of  weak  sight  or  of  blindness.     Never- 
leless*  there  does  remain  a  small  number  of  cases  in  which  we  are  un- 
ible  even  now  to  demonstrate  any  changes  in  the  eye  as  a  cause  for  the 
isturbance  of  vision.     In  some  of  these  cases  of  disturbance  of  vision 
ithout  apparent  lesion,  the  changes  are  so  minute  that  they  are  not 
iscoverable  by  our  present  methods  of  examination.     In  other  cases 
jthc  cause  of    the  disturbance  of  sight  is  not  seated  in  the  eye  at  all, 
iut  behind  it.  in  the  optic  tract  and  even  as  far  back  as  the  cortex  of 
tie  brain.     In  other  cases  still  there  are  no  anatomical  lesions  what- 
bver,  and  what  we  have  before  us  is  simply  the  so-called  functional 
"affections — i.  e..  altered  conditions  of  circulation  and  nutrition  result- 
ing in  disturbance  of  function. 


A,  The  Seat  of  the  Disturbance  of  Sight  is  in  the  Eye  Usdf. 
1.  C<ingenital  Amblyopia« — We  assume  this  to  exist  in  those  cases 


ID  which,  according  to  the  account  given  by  the  patient,  the  weakness 
}f  sight  has  existed  for  a  long  time,  and  in  %vhich  all  other  causes  for 
t  can  l>e  excluded.  We  are  justified  in  making  this  assumption  when- 
ever other  congenital  anomalies  are  also  present  in  the  amblyopic  eye, 
such  as  an  extreme  degree  of  hypermetropia  or  astigmatism,  coloboma 
of  the  iris  or  the  deeper  membranes,  microphthalmus,  etc.  For  experi- 
ence shows  that  such  eyes  almost  always  display  a  reduction  of  the  vis- 
ual power,  which  can  not  be  brought  to  the  point  of  normal  vision  even  by 
the  correction  of  the  error  of  refraction  that  is  present  (see  page  435). 

Congenital  amblyopia  is  usually  unilateral;  the  affected  eye  is  then 
very  apt  to  fall  into  a  state  of  squint.     If  the  andjiyopia  affects  both 

^B^yeSi  nystagmus  develops  (sec  §  129). 

^P  2.  Amblyopia  ex  Anopsia  ö-=Amblyopia  from  non-use  occurs  when 
there  has  been  present  from  earliest  youth  an  obstacle  to  vision  in  the 
eye,  w^hich  makes  the  formation  of  sharp  images  upon  the  retina  im- 
possible. In  this  category  belong  cases  of  opacities  either  of  congenital 
origin  or  acquired  early  in  life,  situated  in  the  cornea,  lens,  or  in  the  region 
of  the  pupil    (pupillary  membrane).      Amblyopia  also  develops  in  an 

^kye  which  has  squinted  since  childhood,  because  in  this  case  the  per- 

^^eption  of  the  retinal  images  in  this  eye  is  suppressed»  and  the  eye 
is  thus  purposely  excluded  from  participation  in  the  act  of  vision.  In 
all  these  cases,  the  retina,  owing  to  lack  of  exercise,  fails  to  attain  to 
that  delicacy  of  function  which  belongs  to  normal  eyes,  or  the  func- 
tional capacity  which  has  been  already  acquired  is  lost;  but  absolute 
blindness  never  occurs.  The  function  of  the  retina  never  again  be- 
comes perfectly  normal,  even  if  the  cause  of  the  visual  disturbance  is 
done  away  with  either  through  removal  of  the  optical  obstacle  tn  sight 
or  through  correction  of  the  squint  by  an  operation,  [Cases  have  been 
reported,  some  surely  authentic,  in  which  an  amblyopic  squinting  eye 

•  From  a  priv.,  Aad  tii'if,  »ight. 
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has  acquired  good  vision  either  through  correction  of  the  refraction  or 
because  loss  of  sight  in  the  good  eye  has  compelled  the  use  of.  the  am- 
blyopic eye. — D.] 

When — as  in  an  adult — the  development  of  the  retina  has  once 
been  completed,  an  obstacle  to  vision  may  last  for  many  years  without 
the  retina's  suffering  any  harm.  Thus  cataracts  which  have  formed  in 
adults  have  been  operated  upon  with  perfect  success  after  lasting 
twenty  years  or  more. 

Treatment  consists  in  the  earliest  possible  removal  of  the  obstacle 
to  vision.  This  rule  holds  good  particularly  for  the  cataracts  of  child- 
tiood,  the  performance  of  an  operation  upon  which  was  formerly  as  a 
matter  of  choice  put  off  till  the  age  of  puberty,  although  we  may  oper- 
ate upon  cataract  (by  discission)  in  children  even  at  the  age  of  a  few 
months  with  the  best  results.  Exercising  of  the  amblyopic  eye  is  of 
service  in  bringing  up  the  functional  power  of  the  retina.  This  is  par- 
ticularly employed  in  cases  of  strabismus,  where  by  bandaging  [or  atro- 
pinizing]  the  sound  eye  we  force  the  eye  which  squints  to  see  (see  §  128). 

3.  Hemeralopia^  (Nig^ht  Blindness). — In  this  disease  the  patients 
state  that  they  can  see  perfectly  well  in  the  daytime,  but  that 
in  the  poorly  lighted  streets  in  the  evening  they  have  to  be  led  about. 
If  tests  of  the  vision  are  made  in  such  a  case,  it  is  found  that,  in  ac- 
isordance  with  these  statements  of  the  patient,  the  visual  acuity  is  nor- 
mal when  the  illumination  is  good,  but  sinks  with  unusual  rapidity 
ivhen  the  illumination  is  diminished.  If  by  letting  down  the  window 
xjurtains  we  darken  the  room  to  such  an  extent  that  the  examining 
physician  can  still  read  medium-sized  print,  the  patient  will  perhaps 
no  longer  recognize  the  large  letters,  or  he  will  even  in  walking  through 
the  room  stumble  over  the  chairs  which  stand  in  his  way.  A  more 
accurate  examination  made  by  means  of  Förster's  photometer  (see  page 
115)  shows  a  considerable  reduction  of  the  light  sense.  If  the  retin»  is 
set  in  action  by  sufficiently  strong  stimuli — i.  e.,  by  brilliant  images- 
it  performs  its  functions  normally;  but  as  soon  as  the  stimuli  sink 
below  a  certain  limit  it  no  longer  reacts  toward  them.  This  condi- 
tion is  called  torpor  retinae. 

Examination  with  the  ophthalmoscope  shows  no  changes  what- 
ever in  the  interior  of  the  eye.  But  in  most  cases  there  is  a  xero- 
sis of  the  bulbar  conjunctiva  (see  page  206);  i.  e.,  we  find  in  the  latter 
upon  the  outer  and  inner  side  of  the  cornea  a  small  rounded  or  triang- 
ular spot,  over  which  the  surface  of  the  conjunctiva  looks  dry  and 
seems  as  if  covered  with  a  fine,  whitish  foam.  Xerosis  of  the  conjunc- 
tiva has  no  other  connection  with  torpor  retinse  than  that  both  are 
symptoms  of  a  reduced  state  of  nutrition  of  the  eyeball. 

Hemeralopia  originates  in  a  disturbance  of  nutrition  of  the  retina,  the 
nature  and  causes  of  which  have  not  yet  been  fully  investigated.  The 
disease  attacks  mainly  men,  especially  those  of  middle  age;   less  often 

"f  From  ^it-if>*t,  day,  and  m^.  sight. 
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women.  A  predisposition  to  it  is  afforded  by  a  reduction  of  the  gen- 
•  crul  liutrition.  The  disease  accordingly  i«  found  in  people  who  in  gen- 
eral are  insutüciently  nouriöhed,  as  the  inmates  of  workhouseö,  p^nal 
cstabüßhnientö,  and  orphan  asylums,  and  soldiers  and  sailors  (in  the 
latter  occurring  simultaneously  with  scurvy).  In  Russia,  the  disease 
18  found  especially  during  and  after  the  long  fast  at  Easter,  during 
which  time  the  people  eat  no  meat,  FurthermorCt  hemeralopia  is 
sometimes  observed  %vith  jaundice,  with  intermittent  fever^  with  chronic 
alcoholism,  and  also  in  pregnant  women.  Whether  dazzling  of  the  eyes 
by  a  bright  light  may  give  rise  to  hemeralopia  is  questionable.  In 
persons  who  are  thus  predisposed  to  it  the  disease  develops  usually 
in  spring.  It  often  affects  a  number  of  persons  at  the  same  tiniei  so 
that  we  should  probably  consider  the  ultimate  cause  of  the  disease  to 
lie  A  miasm. 

The  prognosis  of  hemeralopia  is  favorable,  as  the  disease  usually 
gets  well  of  itself  after  some  w^eeks  or  months.    It,  however,  leaves  be- 
hind it  a  tendency  to  recurrences  which  usually  make  their  appearance 
in  the  spring  or  summer  of  the  following  years. 
I  As  regard??  the  treatment,  the  use  of  cooked  liver  and  of  cod-liver 

!      oil  have  for  a  long  time  enjoyed  a  great  and  deserved  repute  among  the 
laity.    In  addition  we  take  care  to  elevate  the  nutrition  by  strengthen- 
ing diet  and  by  corroborative  remedies  and  to  protect  the  eyes  from 
p      light.     In  the  lighter  cases  we  make  the  patient  wear  dark  glasses,  in 
^BUie  severer  cases  we  keep  him  for  several  days  in  a  dark  room.     By  this 
^Breatment  an  abbreviation  of  the  disease  is  secured, 
^H        Hemeralopia  in  conjunction  with  xerosis  of  the  conjunctiva  is  also 
^lound  as  a  precursor  of  keratomalacia,  which  likewise  must  Ix*  regarded  as 
the  consequence  of  a  disturbance  of  the  general  nutrition  (see  page  264), 

^B  By  hemeralopia,  in  the  widest  sense  of  the  term  we  understand  that  condition 
^^pn  which  one  sees  well  by  day^  but  by  night  or  under  feeble  illumination  from  any 
^^kaujBe  sees  poiiHy  or  not  at  alL  Tim  condition  is  not  a  disease  in  itself,  but  simply  a 
^"lyinplom  wiiich  may  belong  to  various  diseases.  Tlieee  latter  are  divided  into  two 
group« — capacities  in  the  media  and  diseases  of  the  (ight-fxjreeiving  appiiratua, 

(a)  Opacities  in  the  media  excite  the  s>^iplom  of  hemeralopia  when  they  occupy 
the  periphery,  and  leave  the  center  free,  tm  m  the  vtme  of  peripheral  opacities  of  the 
comea  and  lens.  Under  brilliant  illuiiiination,  when  the  pupil  is  contracted,  these  no 
longer  fall  within  the  arei*  of  rhe  latter,  while,  when  the  illumination  is  diminished 
and  the  pupil  is  dilate<l,  they  project  into  the  pupil  and  interfere  witii  sight.  Again 
when  there  are  faint  diffuse*  opacities  distributed  uniformly  over  the  entire  cornea, 
the  sight  is  often  better  when  the  pupil  is  contracted,  because  the  daxxling  due  to 
diffused  Ughl  is  then  less.  In  all  these  eases,  therefore,  the  width  of  the  pupil  is  what 
detenu ine»  the  visual  power.    On  the  other  hand. — 

(h)  Hemeralopia  in  dUtaaeä  of  the  tighi-perceiving  apparaitts  haa  nothing  to  do 
^Hfiith  the  width  of  the  pupil. 

^H  The  diseaj^s  to  be  considered  in  this  connection  are  idiopathic  hemeralopia  on 
^*^he  one  hand,  and,  on  the  other  hand,  retinitis  pigmentosa  together  with  many  other 
eases  of  atrophy  of  the  retina,  e.  g,  such  as  occur  after  retinitis,  chorioiditis,  glaucoma, 
fie.  The  nature  of  the  visual  disturtjanee,  however,  in  these  two  categories  la  eesen- 
lly  different.  In  idiopathic  hemeralopia  there  is  a  reduction  of  the  light  sense 
15),  probably  aa  a  result  of  insufhcient  regeneration  of  the  visual  substances.    The 
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fovea  centralis  even  under  physiological  conditions  has  a  feebler  light  sense  than  the 
periphery  of  the  retina  [see  page  116]  and  hence  in  idiopathic  hemeralopia  stops  func- 
tioning at  the  same  time  that  the  periphery  of  the  retina  does  or  even  somewhat  earlier, 
as  the  illumination  is  reduced — many  patients  stating  that  when  the  illumination  is 
feeble  they  see  a  dark  spot  in  the  center  of  the  visual  field.  In  retinitis  pigmentosa 
the  reverse  obtains.  The  periphery  of  the  retina  is  diseased  and,  when  the  illumination 
is  reduced,  no  Ipnger  functions,  while  central  vision  is  still  intact.  Then  the  visual  field 
becomes  so  small  that  it  no  longer  sufiices  for  the  patient's  orientation  (page  104). 
In  idiopathic  hemeralopia  the  visual  disturbance  is  transitory,  in  retinitis  pigmentosa 
and  the  allied  forms  is  permanent. 

The  symptom  opposed  to  hemeralopia  is  ni^^ahvia^ — ^i.  e.,  that  condition  in 
which  the  sight  is  better  at  nigjht  or  in  diminished  illumination  than  in  bright  daviij^ht. 
This  symptom;  too,  occurs  in  two  groups  oi  diseases  wlucn  have  their  seat  either  in 
the  media  or  in  the  light-perceiving  apparatus — only,  in  this  case  the  site  of  the  changes 
is  just  the  reverse  of  that  found  in  hemeralopia.  The  opacities  of  the  media  causing 
nyctalopia  are  centrally  situated  (in  the  cornea,  pupil,  or  lens).  Hence,  when  the  pupfl 
is  contracted  they  occupy  its  entire  area;  on  the  contrary,  when,  owing  to  diminished 
illumination,  the  pupil  dilates,  its  peripheral  portions  which  are  still  transparent  can 
be  used  for  seeing.  Theaffections  of  the  light-oei^iypg  apparatus  cyiminy  i^yctalopia 
are  those  in  which  the^udyihg  poriiona  nf  th«  fii»l^  ^f  vision  are  normal,  while  in  tSe 
cenler  there  is  a  scotoma,  in  tHese  cases,  to  be  sure,  the  visual  acuity  is  ordinarily 
no  better  with  diminished  illumination  than  it  is  in  full  dayhght,  but  the  feeling  that 
central  vision  is  blunted  is  less  unpleasant,  so  that  the  patient  imagines  that  he  sees 
better  in  the  evening.  This  symptom  is  most  pronounced  in  tobacco  amblyopia  (see 
page  592).    This  variety  of  nyctalopia  is  entirely  independent  of  the  width  of  the  pupil. 

4.  Color  Blindness. — Color  blii^dness  occurs  both  as  a  congenital  and  an  acquired 
affection.  The  former  is  not  li  ois^ase  but  an  imperfection  of  vision  dependent  upon 
unknown  causes;  the  latter  accompanies  many  diseases  of  the  retina  and  optic  nerve. 

Congenital  color  blindness  is  known  as  daltonism,  after  the  English  physicist  Dalton, 
who  was  himself  color  blind,  and  was  the  first  to  describe  this  defect  accurately.  It 
may  be  total,  so  that  no  color  is  recognized,  and  the  external  world  looks  to  be  gray 
on  a  gray  ground  hke  an  engraving  (achromatopsia);  or  it  may  be  partial,  only  a 
certain  group  of  colors  being  deficient  (dyschromatopsia).  The  former  variety  is  ex- 
tremely rare;  the  latter,  on  the  other  hand,  is  pretty  frequent.  Very  often  it  is  not 
complete  blindness  for  any  special  color  that  is  present,  but  only  a  rather  leas  marked 
ability  to  distinguish  one  from  the  other,  so  that  colors  are  not  recognized  with  ijod 
same  certainty  and  at  the  same  distance  as  is  the  case  in  the  normal  eye  {weakness  of 
the  colpr  sense  occurring  in  what  Nagel  calls  anomalous  trichromates).  There  are  thus 
all  sorts  of  transition  forms  between  normal  color  sense  and  total  color  blindness. 

How  we  are  to  distribute  the  cases  of  partial  color  bhndness  into  their  different 
categories  depends  upon  the  theory  of  color  p>erception  that  we  adopt  as  the  funda- 
mental one.  In  the  following  discussion  we  shall  first  start  with  the  Young-HeUnhoUs 
theory.  This  assumes  the  existence  of  three  fundamental  sensations,  corresponding 
to  the  fundamental  colors,  red,  green,  and  violet;  and  supposes  the  other  color  sensa- 
tions to  originate  through  a  varying  mixture  of  the  fundamental  sensations.  Partial 
color  bhndness  would  then  consist  in  the  deficiency  of  the  sensation  for  one  of  the 
primary  colors,  so  that  the  color  sensations  of  the  affected  individual  would  be  com- 
pounded only  of  the  other  two  fundamental  colors.  According  to  the  fundamental 
color  that  is  deficient  we  make  the  distinction  between  red  blindness,  green  blindness, 
and  violet  bhndness. 

Now,  in  what  way  does  a  color-bhnd  person — for  instance,  one  affected  with 
red  blindness — comport  himself?  We  are  not  to  suppose  that  such  a  one  does  not 
perceive  red  objects  at  all,  or  that,  if  he  sees  them,  they  appear  perfectly  colorless. 
The  fact  is  simply  that  the  sensation  which  he  has  in  looking  at  red  objects  is  very 
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nilar  to  that  whicli  green  objects  excit«  in  him,  so  that  he  confounds  red  and  green 
ith  each  other.  To  understand  this,  we  must  fcjr  the  pre.serit  adhere  to  tlie  Voung- 
Helmhohz  theorj%  Aecording  to  tliis,  there  are  in  the  retina  tFiree  ©peeies  of  tibera 
corresponchng  to  the  three  primary  eolors.  Each  one  of  these  species  of  fibers  is  set 
into  action  by  all  kinds  of  eolored 
light,  but  to  a  dilTerent  degree.     Some  ^* 

fibers  arc  sei  into  action  n>o«t  strongly 
by  red  rays,  less  so  by  yellow,  still  less 
by  green,  and  least  of  all  hy  violet. 
They  are  hence  designated  simply  a« 
the  fil>er8  for  the  perception  of  red. 
The  curve  repref;enteci  in  Fig,  278  A 
illustrates  the  way  in  which  these  fibers 
act.  The  different  colors  of  the  spec- 
trum are  laid  off  upon  the  abscissa, 
while  the  ordinate  shows  the  intensity  of 
the  excitation  producetl  by  each  indi- 
vidual color.  In  analogous  fashion  the 
second  set  of  fibers  is  set  into  action 
most  strongly  by  the  gcreen  rays  (Fig. 
278  li),  the  third  group  of  fibers  most 
strongly  by  the  violet  rays  (Fig.  278  C). 

In  Fig.  278  D  the  ciirves  of  all  three 
groups  of  fibers  are  erected  upon  the 
same  altscissa.  The  red  ray,  r  *,  excites 
most  strongly  the  filxra  for  the  f)ercep- 
tion  of  red,  more  feebly  those  for  the 
perception  of  green,  and  least  of  all 
those  for  the  perception  of  violet.  Under 
tlieae  circumstances  we  get  a  sensation 
of  red,  becau.^e  the  degree  of  excitation 
of  the  fil>er8  for  the  perception  of  red 
exceeds  that  of  the  other  fibers.  In 
like  fashion,  a  green  ray,  gr\  stimulates 
the  fibers  for  the  perception  of  green 
more  strongly  than  it  does  the  other 
two  kinds,  and  excites  the  sensation  of 
green.  An  analogous  statement  holds 
good  for  the  sensation  of  violet    (i',). 

Now, a  man  afflicted  with  red  blind- 
ness presents  a  condition  differing  from 
this  normal  one,  in  that  the  fibers  for 
the  perception  of  red  are  absent  (Fig. 
278  E).  If  he  looks  at  the  spectrum 
it  appea>rs  to  liim  shortened  at  its  red 
end,  since  he  sees  only  blackness  at 
spots  where  others  still  f)erceive  red.  A 
red  ray,  r\  which  falls  upon  this  man's 
retina  sets  in  action  only  the  fibers  for 
the  perception  of  green  and  those  for 

the  perception  of  violet — and  of  these  the  former  more  markedly,  so  that  the  resultant 
effect  will  be  a  green.  If  green  light  falls  upon  the  retina,  the  fil>er8  fnr  the  perception 
of  green  are  again  stimulated  more  strongly  tlian  those  for  the  perception  of  violet, 
and  again  the  sensation  of  green  is  produced.  Where,  then,  we  liave  two  different 
sorts  of  sensations,  viz,,  red  and  green,  a  person  with  red  blindness  has  two  that  are 
flimil&r — namely^  both  green.     (Vh^  shade  of  green  which  appears  to  most  persou 
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The  abseis»»  repretent.«  the  spectniip«  the  colors  of 
which  are — rwi  {r),  Drange  io'),  yellow  Kq\  Ereijri  (yr), 
hlye  (6/),  violet  iv):  ttie  curv**  which  ris*  above  the 
ab^ri<ua  show  g^raphiciUly  the  «en^itiveneMi  of  ihe 
three  .lorl^  of  ßb<?ra  m  the  retitm  tu  ward  ray.i  uf  dif- 
fcrent  wave  lenKthn  The  ondinate!*,  r\  ijrr',  luwi  vi, 
itudicAte  the  intensity  of  the  itimulation  of  the  fibem 
prcxluceil  by  red^  jffre**o,  and  violet  rayis,  re«pectively. 
A  gi%'&»  the  rurv*5  repre-tentipif  the  »nsitivene*» of  the 
h\^T9  for  the  perception  of  re<l;  ß,  that  of  the  fiber» 
fc^r  the  perception  of  Kreen;  V,  that  of  the  lit>cra  for 
the  percept ioti  of  violet.  In  £>,  all  three  eun^es  are 
repreaeijted  at  the  Rame  tinnc.  E  ahow«  the  curves  cjf 
RenyitiveDe»*«  of  *  red-bhnii  eve  in  which  the  fil>ers  for 
the  perception  of  red  lar«  mpposed  to  be  wantitig. 
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with  red  blindness  to  have  the  same  color  as  red  is  that  hue  of  bluish-green  which  ii 
complementary  to  red.)  A  person  with  red  blindness,  however,  can  distinguish  these 
two  sensations  from  each  other,  for,  though  similar  indeed,  they  are  not  quite  the  same. 
They  are  distinguished  from  each  other  by  their  difference  in  luminosity.  For  let  us 
assume  that  the  red  and  green  rays  selected  as  an  example  are  of  the  same  luminosity 
to  a  normal  eye.  Such  an  eye  can  still  distinguish  them  apart,  owing  to  their  differenoe 
in  color.  The  case  is  otherwise  with  a  red-blind  man;  in  him  the  red  ray,  in  spite  of 
its  luminous  intensity,  causes  but  slight  stimulation  of  the  fibers  for  the  perception  of 
green,  simply  because  these  fibers  are  in  any  case  but  slightly  sensitive  to  red  rays. 
The  sensation  produced  by  the  red  ray  is  hence  a  feeble  one,  and  the  color  which  is 
seen  looks  dark.  The  green  ray,  on  the  other  hand,  is  perceived  in  its  full  luminosity, 
because  the  fibers  for  the  perception  of  green  are  stimulated  by  it  in  the  normal  fashion. 
In  this  way  it  is  generally  possible  for  the  man  with  red  blindness  to  distinguish  red 
from  green,  not  indeed  by  the  difference  in  color,  but  by  their  difference  in  limiinosity. 
This  difference,  however,  between  the  character  of  his  own  sensation  and  that  of  a  man 
with  normal  vision  usually  remains  unknown  to  the  color-bhnd  person.  When  grow- 
ing up,  he  learns  the  expressions  red  and  green  from  his  associates,  certain  object« 
being  pointed  out  to  him  as  red  and  others  as  green.  He  is  told  that  the  leaves  of  the 
cherry  tree  are  green  and  the  cherries  between  them  red.  And,  as  he  too  notices  a 
difference  between  the  leaves  and  the  cherries,  although  it  is  a  difference  of  luminosity 
and  not  of  color,  he  thinks  that  he  sees  just  as  other  people  do.  On  account  of  the 
sensitiveness  to  differences  of  luminosity,  which  color-blind  persons  usually  possess, 
they  can  generally  tell  correctly  the  color  of  object«  even  when  they  have  never  seen 
them  before.  Thus  it  happens  that,  in  the  case  of  many  color-blind  persons,  neither 
do  they  themselves  know  anything  of  their  defect  nor  are  their  associates  aware  of  it. 
Thus  a  physician  once  came  to  me  who  was  charged  with  the  task  of  testing  the  em- 
ployees of  a  railroad  for  color  blindness.  He  wished  to  inform  himself  under  my  tui- 
tion in  regard  to  the  methods  of  investigating  the  color  sense.  When  I  came  to  show 
him  the  different  test«,  it  soon  turned  out  that  he  himself  was  red  blind.  Up  to  that 
time  he  had  known  nothing  of  this  fact,  and  indeed  was  quite  offended  at  the  imputa- 
tion of  being  color  blind.  And  it  even  happens  that  the  color  blind  carry  on  occupations 
which  in  a  peculiar  degree  demand  an  excellent  sense  of  color;  thus  there  are  color- 
blind painters. 

While  with  many  of  the  color  blind  the  defect  remains  undiscovered  during  their 
whole  life,  in  others  it  is  disclosed  by  their  committing  some  gross  mistake  in  the  choice 
of  colors,  as,  for  instance,  in  the  case  of  the  tailor  who  wished  to  mend  a  black  Boat 
with  a  patch  of  red  cloth.  How  does  a  color-blind  man  commit  such  mistakes?  We 
have  seen  above  that  a  man  with  red  blindness  distinguishes  red  and  green  of  equal 
luminosity  by  the  fact  that  the  former  looks  darker  to  him  than  the  latter.  If  now 
we  gradually  diminish  the  luminosity  of  the  green,  we  must  finally  reach  a  point  at 
which  this  color  looks  no  lighter  to  the  man  with  red  blindness  than  does  the  red  which 
has  not  been  altered  in  luminosity.  At  this  moment  he  is  deprived  of  the  means  of 
discriminating  between  the  two  colors,  afforded  by  their  difference  in  luminosity, 
and  is  now  unable  in  any  way  to  distinguish  the  two  colors  apart.  Ck>lore  chosen  upon 
this  principle  are  hence  known  as  confusion  colors.  On  account  of  the  great  sensi- 
tiveness of  color-blind  people  to  differences  in  liuninosity,  the  preparation  of  these 
confusion  colors  requires  great  care,  and  is  best  performed  by  painters  who  are  them- 
selves color  blind,  and  who  keep  toning  down  two  different  colors  until  they  seem  to 
them  to  be  alike.  Confusion  colors  prepared  in  this  way  are  very  well  adapted  for 
the  detection  of  color  blindness  (Stilling,  Nagel). 

What  has  been  said  in  regard  to  those  affected  with  red  blindness  is  also  true  of 
the  other  two  classes  of  the  color  blind,  those  affected  with  green  blindness  and  thoee 
affected  with  violet  blindness.  The  circumstance  that  is  common  to  all  people  affected 
with  partial  color  blindness  is  that  one  of  the  three  fundamental  sensations  is  deficient. 
It  is  not  necessary  that  one  of  the  three  species  of  fibers  should  be  completely  absent, 
as,  for  the  sake  of  simplicity,  has  been  assiuned  in  the  example  above  adduced.    On 
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the  contraxy,  it  is  probable  from  various  realms  tliat  the  excitability  of  one  kind  of 
fiber»  hiLs  aimply  Ijecotue  uUeretl  Bti  that  its  cuivt*  is  to  bo  imtigined  us  gomethiiig  dif- 
ferenl  from  iliai  which  rhe  plan  outlined  alx>ve  proäcnTs;  ilie  curve  of  the  fiber«  for 
the  perception  of  red,  for  example^  approximating  to  tliat  of  the  filjers  for  the  percep- 
tion of  jfTcen. 

Many  authors  place  Herirtg'«  the*}rtj  of  color  perception  at  the  ba^iB  of  their  claBsi- 
fication  of  color  blintines«.  This  theory  start«  from  an  analysiB  of  tlie  aensations  which 
we  have  in  l*Htking  at  a  color.  Most  colors  excite  in  us  a  mixed  demotion.  Thus^  in 
orange  we  see,  besides  yellow  a  certain  amount  of  red;  another  sort  of  yellow»  again, 
haa  a  tinge  of  green,  etc.  Still,  among  all  the  shade»  of  yellow,  there  i«  one  in  which 
we  can  perceive  no  other  color  l>0Kidt»s  yellow;  this  \»  !iie  pure  or  primary  j'ellow. 
Of  such  pure  ccjlors  whicli  excite  in  us  a  simple»  unmixetl  seiiwition  there  are  besides 
yipUow  only  tliree — namely,  pure  red,  pure  green,  and  purt*  blue.  These  four  primary 
colors  fonn  two  pairs — namely,  red  and  green  and  yellow  and  blue.  The  two  colors 
of  fsach  pair  are  called  contrary  colors,  Ijecause  they  have  this  peculiarity  tliat  they 
never  can  1«  pen>eived  at  the  same  time  in  the  sanie  sailor.  We  can  conceive  of  a  blue 
which  ttffortls  siniultaneouüly  the  impression  of  sporne  green  or  nome  red,  but  we  can 
not  conceive  of  one  which  would  also  excite  the  sensation  of  yellow.  The  contrary 
color»,  therefi»re,  are  mutiially  exclusive,  so  far  bs  sensation  m  concerned. 

Ex'ery  color  may  occur  in  different  degrees  of  concentration  and  of  luminosity^ 
Tili»  depends  upon  the  fact  tliat  eveiy^  color  produces  in  us  l>esides  the  sensation  of 
color  also  tliat  of  white.  Colors  along  with  their  color  *'  value  *'  have  alsc:»  a  white  '*  value" 
and  uptm  the  mutual  relations  of  these  two  values  dcjx^nd  the  conecntration  and  bril- 
Uancy  of  the  color.  The  primary  colors  have  along  witli  tlie  wliite  ** value"  only  one 
color  value,  btit  the  mixed  colors  Irnve  two,  Tims,  there  belong  to  violet  a  I 'hie,  a  red, 
ami  a  wliite  \Tilue.  Now,  the  way  in  which  the  action  of  hght  ufxin  the  terminations 
of  the  nerves  in  our  retina  takes  pbce  is  that  bodies  ('*  visual  sul>Btanees ")  are  present 
in  the  latter  which  suffer  ehemical  elianges  due  to  the  hght.  Such  changes  may  be 
of  two  different  and  indeed  opposite  kinds,  the  visual  substances  l>eing  either  decom- 
pcKied  ("disassimilated")  or  regenerated  ("assimilated")  by  the  hght.  The  white 
value  wliich  ail  colons  possess  depends  \ipon  the  disasaimilative  action  which  they  exert 
ufx^n  the  visual  substance  for  the  perception  of  black  and  white.  In  the  absence  of 
light,  assimilation  of  this  substance  takes  phice,  so  tliat  we  have  the  sensation  black- 
ness. Besides  the  black  and  white  visuai  substance  there  are  two  others— namely» 
a  red-green  and  a  blue-yellow  sulistanee,  as  we  will  call  them  for  short.  These  are  not 
altered  by  every  kind  of  light,  but  only  by  that  kind  which  lias  the  corresponding 
color  value.  Pure  red,  for  instance,  would  disassimilate  only  the  red-green  substance, 
pure  green  would  cause  its  assimilation,  while  violet  acts  both  on  the  red-green  and 
on  the  blue-yellow  sul>stance.  If  pure  red  and  pure  green  light  fall  at  the  same 
time  up*jn  the  same  ö|K>t  of  the  retina,  it  depends  upon  the  projiortion  between  the 
two  whether  disassimilation  prevails  over  assimilation  f»r  the  contrarj*.  The  resulting 
sensation  consequently  is  either  red  or  green,  but  never  bcjth  together.  If  the  two 
contrary  colors  are  so  chosen  with  res|>ect  to  their  quantity  that  they  are  in  equilibrium 
in  tlicir  action  upon  the  visual  substance,  their  color  values  are  abrogated;  there  only 
remains  the  action  of  the  two  kinds  of  light  upim  the  lihick -wliite  sul»8tance,  so  that 
there  is  a  sensation  of  white  of  a  <'er(ain  degree  of  luminosity.  For  the-se  reasons, 
therefore,  the  contrary  colors  mutually  exclude  each  other  in  sensation,  and  wlien 
mixed  in  certain  proportions  afford  a  sensation  of  absence  of  color  (i,  e,,  they  are  com- 
plementary colors). 

According  to  Hering's  theory  of  colors,  the  cause  of  color  blindness  must  be  con- 
ceived to  consist  in  the  al»«ence  of  one  or  of  Ijoth  of  the  visual  subfltances  for  colors. 
In  the  latter  case,  \u  which  nothing  but  tlie  black -white  visual  suNtance  is  left,  total 
color  lilindness  exists;  all  colors  now  art  simply  by  reason  of  their  bbck-white  values, 
and  hence  are  perceived  as  white  of  different  degrees  of  luminosity  (i.  e.,  gray).  Ab- 
sence of  the  redngreen  visual  sul>stanee  causes  red-green  blindness,  absence  of  the 
hlue-yellow^  substance,  blue-yellow  blindness.    The  former  comprises  the  gre^t  majority 
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of  cases — ^namely,  those  which  according  to  the  theory  of  Hehnholtz  are  called  rod 
blind  and  green  blind.  A  man  with  red-green  blindness  sees  in  the  spectrum  only 
two  colors,  yellow  and  blue.  These  are  separated  by  a  gray  space  (the  "neutral" 
space)  which  corresponds  to  the  pure  green.  Pure  red  and  pure  green  act  upon  the 
eye  affected  with  red-green  blindness  only  with  their  white  values  and  hence  both 
appear  gray,  on  which  account  they  are  by  such  an  eye  confounded  with  one  another. 
Mixed  colors  undergo  an  alteration  of  their  tone,  inasmuch  as  of  their  two  color  values 
but  one  comes  into  play. 

If  we  disregard  the  theories  for  explaining  color  blindness  and  confine  ourselveB 
to  the  simple  facts,  we  must  admit  at  the  outset  that  we  can  not  at  all  know  what 
sensations  the  separate  colors  excite  in  a  man  with  congenital  color  blindness.  The 
only  sure  thing  is  that  the  man  with  total  color  blindness  sees  all  colors  of  the  spectrum 
of  the  same  hue  and  differing  only  in  luminosity,  and  that  the  man  with  partial  color 
blindness  recognizes  only  two  colors  in  the  spectrum,  while  for  the  man  with  normal 
sight  at  least  three  fundamental  sensations  must  be  assumed  to  exist,  in  order  to  be 
able  to  obtain  all  color  sensations  from  them  by  mixture.  Hence,  we  call  the  former 
dichromates,  the  latter  tricliromates. 

In  the  most  frequent  form  of  color  blindness  the  two  colors  that  are  perceived 
in  the  spectrum  correspond  in  position  to  yellow  and  blue,  between  which  lies  the 
neutral  area,  which  looks  gray  ;  and  the  two  colors  confounded  are  red  and  green,  both 
looking  like  a  certain  shade  of  gray.  Of  such  color  bhndness  two  types  can  be 
distinguished.  The  first  (the  red  blind  of  Hehnholtz)  sees  the  spectrum  shortened  at 
the  red  end,  and  shades  of  red  hence  look  comparatively  dark.  The  other  type  (the 
green  blind  of  Helmholtz)  sees  the  spectrum  unshortened.  Hering  classes  both  types 
as  red-green  blind.  Since  the  first  type  confounds  with  gray  a  red  that  shades  into 
yellow,  i.  e.,  it  is  undersensitivc  to  yellow — ^he  calls  it  the  relatively  blue-seeing  type  of 
red-green  blindness.  The  second  type  sees  a  somewhat  bluish-red  as  a  gray,  and  hence  is 
called  in  Hering's  nomenclature  the  relatively  yellow-seeing  type  of  red-green  blindness. 

Violet  blindness  (Helmholtz),  or  blue-yeUow  blindness  (Hering),  like  total  color 
blindness  is  rare. 

Congenital  color  bhndness  occurs,  as  observations  upon  a  great  number  of  men 
have  shown,  in  from  3  to  4  per  cent  of  the  male  population.  In  women  color  blind- 
ness is  much  more  rare,  perhaps  because  their  color  sense  undergoes  a  sort  of  education 
through  their  having  such  frequent  occasion  to  be  busy  with  colored  objects  (in  dress- 
making, etc.). 

Color  blindness  entails  no  disadvantage  upon  those  who  are  troubled  with  it  be- 
yond rendering  them  less  fit  for  the  performance  of  certain  callings.  Among  these  are 
all  those  occupations  which  require  precise  discrimination  of  colors,  e.  g.,  that  of  the 
painter,  the  dyer,  etc.  Recently  particular  attention  has  been  called  to  the  fact  that 
the  railroad  and  nautical  services  also  require  an  acciu^te  sense  of  color.  The  signals 
used  on  railroads  or  ships  are  most  frequently  red  or  green,  which  are  just  the  o6Uxn 
that  are  confounded  by  most  color-blind  p)ersons;  in  this  way  accidents  might  be  [and 
are]  caused.  For  this  reason  the  employees  upon  railroads  and  sea-going  vessels  are  at 
present  in  most  countries  tested  with  reference  to  their  color  sense,  and  their  entry 
into  the  service  is  made  conditional  upon  the  proof  that  their  color  sense  is  perfect. 

The  demonstration  of  the  existence  of  color  blindness  requires  accurate  and  careful 
testing.  Many  of  the  color  blind  who  are  aware  of  their  defect  try  to  conceal  it  from  the 
examiner,  especially  if  some  material  advantage,  such  as,  for  instance,  a  business  posi- 
tion, depends  upon  the  result  of  the  testing.  Accordingly,  in  the  case  of  such  persons  we 
must  be  on  the  lookout  for  all  sorts  of  artifices,  and  particularly  on  the  lookout  for  pre- 
vious practice  in  the  ordinary  methods  of  testing  the  color  sense.  On  the  other  hand, 
people  with  a  good  color  sense  might  be  considered  to  be  color  blind  if  from  want  of 
imagination  or  practice  they  call  the  colors  that  are  set  before  them  by  incorrect  names. 
We  should  not,  therefore,  undertake  to  test  the  color  sense  by  setting  colored  objects  be- 
fore the  jwrson  and  asking  him  the  name  of  the  color.  If  we  do  so,  the  man  who  is  color 
blind  will  in  many  cases  by  using  a  little  attention  give  the  right  answer,  while  on  the 
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hand,  an  imeducatjed  man  will  not  in  frequently  call  ihe  colors  wrong.     The  test 

Btter  perfonned  by  placing  before  the  person  under  exam  i  mi  lion  thot»e  colors  w  hich 

according  to  experience  color-blind  peraons  reaüily  confound  with  each  otlier,  and 
then  seeing  whether  niistakes  are  actually  conunitted.  tor  thi»  purpose  a  large 
aBBortment  of  colored  u^mtcd^  are  the  Ijest  adapted  (See beck,  lluhngren).  [A  very 
practical  set  of  worsteds  for  this  purpose  is  tlmt  devised  by  Thomson  of  Philadelphia. 
— DJ  One  of  the  worsteds  is  set  hefore  the  person  to  lie  tested,  and  he  is  asked  to 
place  with  it  all  the  wctrstods  tliat  look  like  it.  If,  then,  samples  of  diflerent  and  indeed 
quite  dissimilar  colors  are  placed  together — for  instance,  gray  and  red  with  green — 
these  gi\*e  the  special  corifusion  colors  of  the  person  under  examination,  and  make  it 
possible  to  determine  the  kind  of  color  blindness  that  he  has.  Some  liave  liad  em- 
broider>'  patterns  to  serve  as  test  objects  made  o*il  cif  thcute  worsteds  tiie  colors  of 
which  are  most  frequently  confounded  (Daao,  Reuss).  Colored  papers  or  powders 
may  also  I«  employed  instead  of  worsteds. 

The  test  most  in  use  bcsidet?  Holmgren's  worstetl  test  is  the  pseiido-isochromatic 
«Uagrams  of  Stillini^  and  of  Xagcl.  Tht^se  are  composed  of  variously  colored  areas  which 
are  selected  by  the  aid  of  a  color-blind  painter  so  as  to  corresiKind  tcj  the  confusion 
eolore  of  a  man  who  Is  color  blind.  The  latter,  Ihent  cannot  recognize  the  differences 
in  color  of  the  areas. 

[In  NageKs  test,  which  may  alao  be  used  an  a  quantitative  test  (see  below),  there 
is  a  set  of  cards,  each  bearing  a  series  of  little  color  dbilvs  arranged  in  a  ring.  In  some 
rings  the  disks  are  all  of  one  color^  but  of  slightly  different  shades  ;  in  others  the  disks 
are  of  two  or  three  different  colors  (confusion  colors).  By  making  the  patient  state 
which  rings  are  monochromatic  and  then  making  him  y>ick  out  in  the  di(  lin>matic  or 
trichromatic  rings  all  the  fli.sks  that  are  of  one  spcnnal  color,  we  can  readily  ascertain 
whether  he  is  color  blind  and  w^hat  sort  of  calor  blindness  he  has. — D.J 

For  the  scientific  examination  of  the  color  blind,  tlie  »pectmscope  is  indispensable. 
fity  its  aid  we  determine  whether  the  color-blind  man  sees  the  sp^nHruni  shortened 
at  one  of  its  two  ends,  and  what  colors  he  can  distinguish  in  it,  Kitrthermore,  by  means 
of  the  apparatus  we  show  him  isoluteti  fMjrtions  of  the  sf)ectrum  anil  make  him  t^ell, 
both  by  naming  the  colors  and  by  comparing  tliem  with  specimens  of  other  colors, 
how  the  ditTerent  parts  of  the  spectrum  look  to  him. 

For  a  quantiiahvi'  determination  of  the  color  sense,  the  metJiod  of  Donders,  Weber, 
Wolffl«rg,  and  others  is  adapted.  Here  small  disks  of  ctilored  pa|)er  upon  a  back- 
ground of  black  salin  serve  a^  test  objccfü.  When  the  color  sense  is  normal,  disks 
of  a  definite  si^c  must  Ije  reeognized  at  a  definite  distance,  whicii  to  he  sure  is  different 
for  the  different  cfdors.  The  weaker  the  color  sense  of  the  jierson  under  examination, 
the  nearer  must  he  get  to  be  able  to  tell  the  color  correctly,  even  supposing  that  he 
recognize«  it  at  all.  The  distance  at  which  tlie  color  lM?gins  to  be  recognized  givea 
the  intensily  of  the  c<»lor  sense  for  the  color  in  question.  lns(ea<l  of  colored  paper 
we  may  Ui*e  colored  glasses  wlitcli  are  lighted  from  t>ehind.  Fhese  last  tests  (lantern 
t-est^)  approximate  nearest  to  the  conditions  which  are  prcöent  in  tlie  railroad  service. 
[Excellent  lantern  tests,  particularly  adapted  for  testing  railroail  employees  are  thoae 
of  Thomson  of   Philatlelphia  and  Williams  of  lioston.-  IX] 

Many  other  melhiHls  of  t pasting  the  color  si^nse  have  lieen  propoeed,  all  of  which 
are  of  use,  as  in  doubtful  i*ases  we  can  arrive  a!  definite  results  only  by  means  of  numer- 
ous corrob*»rative  experiments,  t  July  one  of  them  need  t»e  mentioned  here — namely, 
the  tissue-paper  test.  If  a  border  of  gray  paper  is  placet!  uf>on  rr^i  paper,  it  appears 
to  have  the  complementary  color  c»f  \{»  backgroun<l  (that  is,  green).  This  is  j>articu- 
lariy  apparent  when  the  whole  is  coveretl  with  a  sheet  of  tia-^ue  paper.  A  color-blind 
man,  who  does  not  recognix^  the  color  of  the  paper  forming  the  background,  will  also 
fail  to  tell  correctly  the  complemx^ntary  color  of  the  Ijorder. 

It  is  impossible  to  cure  congenital  color  blindness. 

Acquired  color  blin^rteaa  is  a  fre^pient  symptom  of  affections  of  the  !ight-i>erreiv- 
ing  apparatus — that  is,  of  the  retina,  of  the  optic  nerve,  and  even  of  the  central  ter- 
mination» of  the  optic  tracts.     AfTections  of  the  opiic  nerve,  particularly  iis  atrophy, 
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are,  however,  by  far  the  most  frequent  cause  of  disturbaaces  of  the  color  sense.  Such 
disturbances  are  never  absent  when  once  the  visual  acuity  has  become  considerably 
reduced  as  a  consequence  of  the  affection  of  the  optic  nerve.  In  these  cases  the  eck»' 
blindness  does  not  set  in  suddenly,  nor  for  all  the  colors  at  once;  but  first  and  very 
gradually  the  perception  of  green  and  red  is  extinguished,  then  that  of  yellow,  and 
last  of  all  that  of  blue.  Acquired  color  blindness  may  therefore  be  utilized  for  purposes 
of  diagnosis.  If  the  sight  is  impaired  simply  by  dioptric  obstacles  (e.  g.,  by  opacities 
in  the  cornea  and  in  the  lens),  the  perception  of  color  remains  intact,  even  when  4he 
general  features  of  objects  can  no  longer  be  recognized;  but  as  soon  as  the  color  sense 
proves  to  be  defective,  an  affection  of  the  light-perceiving  apparatus  must  be  assumed 
to  exist.  (For  the  color  sense  in  the  periphery  of  the  visual  field,  cf .  page  113  and  Fig.  36.) 
[All  the  tests  used  for  congenital  color  blindness  can  be  used  for  the  acquired  form. 
They  are  particularly  important  in  the  tobacco  and  alcohol  amblyopias  so  often  occur- 
ring in  railroad  and  marine  employees,  in  whom,  therefore,  frequent  re-examination  of 
the  color  sense,  especially  by  the  worsted  and  lantern  tests,  should  be  made. — D.] 

(6)  The  Seat  of  the  Disturbance  of  Sight  is  Central, 

1.  Amblyopia  and  Amaurosis  in  Brain  Diseases.— Disturbance 
of  vision  may  be  set  up  by  disease  of  the  brain  without  there  being  any 
Ophthal moscopically  perceptible  changes  in  the  eye,  such  as  neuritis  or 
atrophy  of  the  optic  nerve.  Disturbances  of  vision  of  this  sort  may  be 
only  transieat,  even  when  they  amount  to  absolute  blindness.  Uraemic 
amaurosis  (see  page  550,  which  is  produced  by  retention  of  the  urinary 
constituents,  affords  a  good  example  of  this.  But  in  those  cases  in 
which  gross  lesions  of  the  brain,  such  as  inflammatory  processes  or  new 
growths,  give  rise  to  the  disturbance  of  vision,  the  latter  is  permanent, 
and  ophthalmoscopic  changes,  usually  under  the  form  of  a  descending 
atrophy  of  the  optic  nerve,  are  often  associated  with  it  later.  Disturb- 
ance of  vision  dependent  upon  a  central  cause  makes  its  appearance  not 
infrequently  under  the  guise  of  hemiopia  (homonymous  or  temporal). 

2.  Scintillatins:  scotoma  (scotoma  scintiUans,  amaurosis  partialis  fugax,  or  tei- 
chopsia*).  The  patient  who  suffers  from  this  notices  besides  a  feeling  of  vertigo  a  sfMU-k- 
ling  light  that  appears  before  his  eyes,  and  rapidly  increases  until  finally  he  can  scarcely 
see  at  all.  Persons  who  are  more  accurate  observers  of  their  sensations  usually  aver 
that  the  sparkling  originates  from  a  small  spot  situated  not  far  from  the  point  of  fix- 
ation, and  that  within  the  area  represented  by  this  spot  external  objects  are  invisible 
(hence  the  name  scintillating  scotoma).  The  scintillation  and  with  it  the  gap  in  the 
visual  field  spread  rapidly,  the  boundaries  of  the  scintillating  area  being  often  formed 
by  lines  zigzagging  in  and  out,  so  as  to  form  projecting  and  re-entrant  angles.  After 
a  quarter  or  half  an  hour,  the  attack  abates,  the  visual  field  beginning  to  clear  up  at 
the  point  first  affected.  Scintillating  scotoma  is  usually  accompanied  by  headache 
and  sometimes  also  by  nausea,  and  frequently  a  regular  attack  of  migraine  is  joined 
with  it. 

The  central  origin  of  scintillating  scotoma  is  apparent  not  only  from  the  accom- 
panying and  following  headache,  but  also  from  the  fact  that  it  [almost]  always  affects 
both  eyes  in  the  same  way,  and  frequently  occurs  under  the  form  of  hemiopia — i.  e., 
it  occupies  but  one  half  (and  that  too,  the  honomymous  half)  of  the  field  of  vision 
in  each  eye.  The  symptoms,  on  account  of  their  short  duration  can  be  caused  only 
by  disturbances  of  circulation,  whose  transient  character  indicates  that  it  is  not  ana- 
tomical changes  but  disorders  of  innervation  in  t!ie  vessels  that  lie  at  the  root  of  them. 

*From  Tffixo«,  wall,  and  6i^i«,  vision,  on  account  of  the  xigxag  lines,  resemblinc  fortification 
watls,  often  been  on  the  edge  of  the  scintillating  -spots. 
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nth  extension  of  the  angioneumtif  ciisturbnnce  in  llic  other  arf^as,  olhf*r  disordrrs 

central  origin,  surh   as   formicanon    in    the  Up«   and  arm,  w(*akncss  or  pnralyslt* 

"of  one  of  the  extremities^,  aphasia,  etc.,  set   in.     These  come  ami  go  with  the  wr^irjil- 

lating  scotonia.     But  srintiJlalin^  si'otoma  i^  most  intlniately  a-s«<n-iattHl  with  the  most 

frequent  angioneurosia  of  the  brain,  t.  e.,  migraine,  so  that  it  has  al.so  been  railed  by  the 

name  of  migraine^  oeulaire.    The  cirrulatory  disturbance  set?i  up  an  irritation  of  tiie  opti- 

element« — an  irritation  w  hich  aeciirding  to  the  laws  of  tirojection  is  referred  to  the 

Ktemal  world,  and  appear«  unth^r  the  form  of  a  folor(*d  scintillation,  while  ut  the  .^ame 

"time  the  }»ereeption  of  peripheral  ini|ireHsioni4  in  abolished.    So  also  at  the  liepnning  of 

I  a  faintii^g  attack,  which  in  fact  i^  likewise  due  In  circulatory  flisturbiinrc»  in  the  brain, 
jgrniptoms  make  their  appearanet^  which  are  fjerhap^s  identical  with  rf^'inl dialing  scotoma; 
Bie  patients  averritig  that  everything  looks  green  and  blue,  or  scintillate.H,  or  grows  dark 
fcfore  the  eyes. 
f       Scintillating  scotoma  is  an  uncommonly  widespread  affeetioii.     If  it  o^-eurs  in- 
fpequently— rat  intervals  of  several  years—  no  significance  is  attached  to  it  by  the 
patient,  aa  it  disappears  again  rapidly,  and  without  leaving  any  bad  results.     It  m 
J.     only  when  the  symptom  is  rf?^xjated  fretjuently — and  it  may  even  re«  iir  .several  times 
Jf     m  day— tliat   those  who  are  trcjulJeci  with  it  come  to  the  physician.     Such  patients 
allege  ad  t!ie  cause  of  their  scintillating  scotoma  excessive  physical  or  menial  exertion, 
.      straining  of  the  eyes,  dazzling  light,  or  a  great  i^^nse  of  hunger;    often,  however,  no 
^^^finite  c^use  can  l>e  niaile  out.    The  treatment  must  l>e  confined  to  opixksing  the  cause 
^^f  the  scotonm.     Such  treatJmmt  consij<ts  in  iucreasing  »he  general  strength  and  the 
^^avoidance   of  excessive  exertion.     If  the  attacks  are   fre<iuei]tly   rept^ated   we  order 
f  jtiinine  in  small  doses  to  be  taken  for  some  lime.    Ordinary  causes  of  scintiihit  ing  scotoma 
are  aasoeiated  with  no  evil  conset]  tie  noes  of  any  kind,  and  it  is  the  except  ion  for  scin- 
tillating scotoma  to  he  the  precuriKir  of  a  serious  affection  of  the  brain  (brain  Itunor^ 
progressive  paresis,  apoplexy,  etc.). 

;i.  Disturbances  of  vision  in  Hysteria  and  Neurasthenia. — The^e   fintl   their 
expreasinnM  under  the  fnrms  of  amblyopia  and  asthenopia. 

Hysterieai  nmbti/r^inn  consists  in  a  diminution  of  the  visual  acuity,  a  contraction 
of  the  field  of  vision,  and  a  diminution  in  the  color  sense  and  light  sense.  The  eon- 
traction  of  the  visual  field  is  concentric;  and  in  many  cases  the  field  gi*ts  smaller  and 
smaller  the  longer  the  patient  i»  tested  with  the  perimeter  (reachon  of  exhaustion, 
Förster).  This  depends  u|ion  the  rapid  exhaustion  of  the  ner\oiLks  system  that  is  pe- 
culiar to  patients  of  this  «ort.  [The  exlmustion  field  is  characteristic  rather  of  neuras- 
thenia than  of  hysteria.  t>ther  peculiar  modifications  of  the  field  found  in  hj^steria, 
beside  the  contracted  field  mentioned  alwve  (s<'e  Fig.  279)  and  the  reversed  color  field 
describe«!  Ixdow  {Bee  also  Fig,  270), are  r  (a)  The  tubular  field.  The  field  is  greatly  con- 
tracted and  remains  of  the  same  absolute  size,  no  matter  how  farthe  jialient  is  remo%'ed 
trom  the  point  of  fixation,  (b)  The  oscillating  field,  in  which  there  are  a  series  of  scotonmta 
^Ain  each  tneridian  (see  Fig.  280).  (r)  Annular  scotoma  (see  Fig.  281).  {ti)  Central 
^^eotoma  (»ee  Fig.  282). — D]  Typical  hemiopia  docs  not  occur  as  a  punrdy  hytJterit^l 
affection.  Hysterical  amblyopia  is  found  to  the  most  marked  degree  in  those  eases  | 
of  hysteria  that  are  associated  with  disturbant^es  of  sensibility  (hemiamesthesia,  etc.).| 
It  is  generally  present  in  t>oth  eyes,  although  for  the  most  part,  to  a  greater  degree 
on  the  side  ui>on  which  the  genend  sensibility  is  aflected. 

The  diagnosis  of  hysterical  amblyopia  is  based  principally  u|)on  two  |>oints.  The* 
first  of  these  is  the  absence  of  any  demonstralile  clianges  in  the  eye  which  might  explain  I 
the  enfeeblement  of  sight.  The  second  m  the  failure  of  the  separate  sjtnptoms  con- 
stituting the  ilisturbanee  of  vision  to  show^  that  agreement  with  each  other  that  they 
ordinarily  present.  Thus,  the  acuity  of  vision  and  the  extent  of  tlie  \isyal  field  change 
frequently  (usually  doing  so  as  tlie  other  hysterical  symptoms  grow  l>ctter  or  worse); 
the  reflations  of  the  .Mit»r  umits  within  the  visual  field  are  not  in  accordance  with  the 
rule  (the  limits  for  red  are  usually  wider  than  those  for  blue  [reversal  of  color  fields], 
instead  of  the  con\'er8e — see  page  113)  and  are  not  properly  proportiont**!  to  the  total 
extent  of  the  visual  fit^ld;  persons  who^-'c  visual  field  is  unusually  contractt^J  still  move  I 


DISEASES  OF  THE  OPTIC  NEU  VE. 


609 


Hysterical  Amblyopia  chiefly  attüpk«  young  people,  particularly  of  the  fenmle  1 
«ex.    It  is  sometimes  priHiuced  by  injuries,  f^veti  when  they  do  not  affect  the  ©ye  itself  I 
(traurtmtic  neurosis).     Hj^terical  amblyopia  affords  a  good  prognoeis^  as  ordinarily  t 
a  complete  care  takes  place.    The  lÜBcaöe,  however^  uwuaily  lasts  for  a  long  time,  often 
for  years.     Treatment  consists  in  the  managemem  of  the  causal  lesion,  re-enforced 
locally  by  hypodermic  injections  of  strj^chnine  and  the  application  of  the  constant 
current.     The  brilliant  results  sometimes  obtairie<I  by  the  two  bst -named  remedial  i 
iSf  however^  mainly  ascribable  to  their  peychic  influence  ufK^n  the  patient  when  the 
latter  has  confidence  in  the  treatment  and  anticipatcH  a  cure  from  it, 

Neri^uH  (iMcnopia^^^  a  condition  which  occurs  both  in  hysterical  .subjects  and  in 
neurasthenics,  coniii.sts  in  an  incapacity  of  the  eye  for  any  continuous  exertion,  in  wpite 
of  there  tieing  good  visual  power.  Some  complain  that  after  reading  or  working  for  even 
a  short  time  everything  becomes  covered  with  a  cloud  so  that  the  ivork  has  to  be  laid 
aside.  Others,  again,  allege  that  after  pursuing  their  occupation  for  a  little  while, 
indeed  even  tifter  remlitig  a  few  lines,  t  hey  have  violent  pains  in  the  lids,  eyeballs,  or  head, 
which  render  the  continuance  of  the  work  impossible  (copiopia'^  hysterica»  Förster). 
When  no  strain  is  put  on  the  eyes,  there  is  generally  no  trouble;  in  other  cases,  however, 
the  pains  never  entirely  disappear,  or  a  great  sensitiveness  to  light  b  constantly  present. 

In  making  the  dia^osis,  proof  must  first  of  all  be  forthcoming  that  there  is  no 
error  of  the  refraction  or  of  the  muscular  equilibrium  t-o  cause  the  trouble.  Xervoua 
asthenopia,  like  hysterical  amblyopia,  with  which  it  frequently  is  assoeiatixl,  is  often 
eiftremely  obstinate,  and  f^cmietimes  for  years  prevents  the  patient  affected  by  it  froro 
engaging  in  any  serious  occupation.  In  it,  too,  the  psychical  factor  plays  a  great  part 
in  the  treatment,    I  have  found  electricity  the  most  eflicient  means. 


I*  [8ee  ilffo  puge  45]       <^  Trom  Konia^  (!xh«uirtlo&«  ind  ü^,  «I^ht. 
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CHAPTER  XII. 
DISEASES  OF  THE  LIDS. 

Anatomy  and  Physiology. 

106.  The  lids  (palpebrse^)  are,  in  origin,  folds  of  the  external  skin, 
which  push  their  way  over  the  eyeball  to  cover  and  protect  it.  The 
boundaries  of  the  upper  lid  are  formed  by  the  eyebrow  (supercilium), 
but  the  lower  lid  passes  without  any  sharp  line  of  demarcation  into  the 
cheek.  The  lids  bound  the  palpebral  fissure,  at  the  two  extremities  of 
which  (the  angles  of  the  eye)  they  unite.  The  external  angle  of  the 
eye  (canthus  extemus)  runs  out  to  a  sharp  point;  when  the  lids  are 
drawn  apart  there  is  put  upon  the  stretch  a  delicate  reduplication  of 
skin  (the  external  commissure),  connecting  the  upper  and  lower  lids  in 
this  situation.  The  inner  angle  of  the  eye,  on  the  contrary,  presents 
a  horseshoe-shaped  notch,  at  the  bottom  of  which  lies  the  caruncle 
(Fig.  56,  C).  The  mean  width  of  aperture  of  the  palpebral  fissure  varies 
with  the  individual.  On  an  average,  the  fissure  opens  so  far  that,  with 
the  ordinary  way  of  looking,  the  upper  lid  covers  the  uppermost  part  of 
the  cornea,  while  the  lower  lid  leaves  the  lower  margin  of  the  cornea 
free.  The  shape  and  width  of  the  palpebral  fissure  are  of  the  greatest 
influence  upon  the  expression  of  the  eye.  Eyes  which  have  the  reputa- 
tion of  being  large  and  beautiful  are  generally  not  really  large  eyeballs, 
but  eyes  with  a  wide-open  palpebral  fissure.  So,  too,  the  expression  of 
the  laity  that  "the  eye  is  smaller"  usually  has  reference  not  to  an  actual 
diminution  in  the  size  of  the  eyeball,  but  to  a  lesser  degree  of  patency 
of  the  palpebral  fissure. 

The  skin  covering  the  lids  is  about  the  thinnest  in  the  human  body. 
As,  moreover,  it  is  but  very  loosely  attached  to  its  bed  through  the  me- 
dium of  a  lax  and  non-fatty  connective  tissue,  it  can  very  readily  be  made 
to  shift  its  position.  For  the  same  reason  it  can  readily  wrinkle  up  and 
stretch  out  again,  as  the  lids  open  and  shut.  In  old  people  it  is  thrown 
into  numerous  wrinkles.  Because  of  the  ease  with  which  it  is  displaced, 
it  is  readily  distorted  by  scars  in  its  vicinity,  so  that  ectropion  cica- 
triciale  is  produced.  •  So,  too,  on  account  of  the  laxity  of  its  attach- 
ment, it  is  very  apt  to  be  affected  by  extensive  ecchymoses  and  oedema. 
It  is  only  in  the  neighborhood  of  the  free  border  of  the  lid  that  the 
skin  is  closely  united  to  the  subjacent  tarsus  by  rigid  connective  tis- 
sue. This  free  border  of  the  lid  forms  a  narrow  surface  which  looks 
downward  in  the  upper  lid,  upward  in  the  lower  lid  (r  r,  Fig.  46  A). 
When  the  lids  are  closed,  these  two  surfaces  are  adjusted  to  each  other 

*  From  palpare,  to  stroke. 
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with  perfect  accuracy,  so  that,  with  the  aid  of  the  lubrication  afforded 
by  the  secretion  of  the  Meibomiaii  glands,  they  are  able  to  keep  the 
lachrymal  fluid  in.  When  we  open  the  lids  forcibly  in  people  affected 
with  lachrymation  and  blepharospasm,  we  not  infrequently  see  spurt 
from  the  eye  a  stream  of  tears  which  had  been  kept  in  by  the  closed  hds 
^a  proof  that  the  closure  of  the  lids  is  water-tight. 

The  lines  along  which  the  free  border  of  the  lids  is  reflected  on 
to  the  anterior  and  the  posterior  surface,  respectively,  of  the  lid  are 
called  the  anterior  and  posterior  margins  of  the  lids  (Fig.  283,  v  and 
h);  the  narrow  surface  lying  between  them  is  the  intermarginal  strip. 
The  anterior  margin  of  the  lid  is  rounded  off,  and  has  Jutting  from 
it  the  eyelashes  (cilia),  which  are  arranged  in  several  rows  one  be- 
hind the  other.  The  cilia  upon  the  upper  lid  arc  larger  and  more  nu- 
merous than  upon  the  lower.  The  posterior  margin  of  the  lid,  where 
the  free  border  ol  the  lid  passes  into  the  conjunctival  surface  of  the 
latter,  is  sharp.  Directly  in  front  of  it  lies  a  single  row  of  small  puncta. 
the  orifices  of  the  Meibomian  glands  (Figs.  2S3  and  284,  m).  Between 
these  and  the  cilia  runs  a  fine  gray  line  (i,  Fig.  2S4)  which  divides  the 
intermarginal  strip  into  two  parts,  anterior  and  posterior.  The  free? 
lx)rder  of  the  lid  has  the  above  character  as  far  inward  as  the  spot  wher<* 
the  punctum  lacrimale  is  situated,  a  spot  which  corresponds  to  the  inner 
extremity  of  the  tarsus  {p,  Fig.  284  and  Fig,  285), 

On  everting  the  lids  we  get  a  view  of  their  posterior  surface,  which 
is  covered  with  the  conjunctiva.  This  is  intimately  adherent  to  the 
tiirsus,  and,  particularly  in  the  upper  lid,  allows  the  Meibomian  glands 
situate  in  the  tarsus  to  show  through  clearly. 

The  nwvewfjtts  of  t!ic  lids  are  performed  in  the  following  way:  In 
opening  the  eye  the  upper  lid  is  raised  by  the  levator  palpebrte  supe- 
rioriSi  while  the  lower  lid  sinks  by  its  own  weight,  although  it  does  so 
but  very  little  [see  also  page  618].  Owing  to  the  fact  that  fibers  from 
the  tendon  of  the  levator  run  to  it,  the  skin  of  the  lids  aljove  the  convex 
border  of  the  tarsus  is  drawn  quite  far  in  between  the  eyel>all  and  the 
upper  margin  of  the  orljit,  at  the  same  time  that  the  upper  lid  is  raised. 
In  this  way  there  is  formed  a  furrow,  over  which  the  lax  skin  of  the  lid 
hangs  down  under  the  form  of  a  fold  (covering  fold,  d.  Figs.  46  and 
283).  In  many  cases  this  is  so  large  as  to  reach  the  free  border  of  the 
lid,  and  cause  disfigurement  (ptosis  adiposa;  page  627), 

With  regard  to  the  shutting  of  the  eyes,  we  must  distinguish  be- 
tween winking  and  tight  closure  of  the  lids,  Winkim/  consists  in  a  quick 
contraction  of  the  palpebral  fissure,  in  whirh  the  lids  do  not  eome  into 
perfect  contact.  It  can  be  performed  voluntarily,  but  usually  results 
through  reflex  action,  whirh  is  exrited  by  the  sense  of  dryness  in  the 
eye  or  by  the  presence  of  foreign  Imdies — dust,  smoke,  etc.  It  is  ef- 
fected b}'-  means  of  the  trigeminus,  which  is  the  sensory  nerve  of  the  eye 
and  it^  vicinity,  and  is  hence  rightly  called  the  sentinel  of  the  eye.  The 
jurpose  of  winking  is  to  cover  the  surface  of  the  eyeball  with  a  uiii- 
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form  layer  of  the  lachrymal  fluid  and  thus  both  prevent  the  drying  of 
the  eye  and  also  wash  the  dust  off  of  it. 

In  iirm  closure  of  the  lids,  which  usually  is  done  voluntarily,  the 
edges  of  the  lid  are  brought  into  complete  contact.  This  may  be  done 
gently  as  in  sleep  or  forcibly  as  in  the  act  of  squeezing  the  lids  together. 
In  the  latter  case  the  skin  about  the  lids  is  drawn  toward  the  paljjebral 
fissure  and  at  the  same  time  is  thrown  into  numerous  wrinkles.  When 
the  lids  become  closed  in  sleep  the  eyeball  also  performs  a  movement, 
rolling  upward  (Bell's  phenomenon).  Any  one,  when  he  is  fighting 
against  sleep  and  his  lids  are  shutting  together,  can  feel  that  the  eyes 
are  being  drawn  up  as  by  an  invisible  force.  In  persons  with  thin  lids 
(women  and  children)  we  can  recognize  the  convex  cornea  through  the 
upper  lid,  and  determine  that  it  is  directed  upward  beneath  the  closed 
lids.  It  is  still  easier  to  do  this  in  cases  of  staphyloma  of  the  cornea. 
This  behavior  on  the  part  of  the  eyeball  is  important,  inasmuch  as  the 
protection  of  the  cornea  by  the  upper  lid  is  thus  provided  for,  even 
when  the  palpebral  fissure  is  not  completely  closed  in  sleep.  It  is  not 
till  lagophthalmus  reaches  quite  a  high  degree  that  a  portion  of  the 
cornea  remains  constantly  visible  in  the  palpebral  fissure;  and  this 
portion  is,  in  fact,  always  the  lowest  part  of  the  cornea,  which  conse- 
quently is  most  exposed  to  the  danger  of  undergoing  desiccation  (kera- 
titis e  lagophthalmo;  see  page  261). 

Dissection  of  the  lids  presents  the  following  structural  conditions: 
In  the  lids  are  found  two  voluntary  muscles,  the  orbicularis  (sive  sphinc- 
ter) palpebrarum  and  the  levator  palpebrse  superioris.  The  orbicularis 
lies  directly  beneath  the  skin  of  the  lid  to  which  it  belongs;  it  is  nothing 
but  a  flat  expanded  cutaneous  muscle  which  surrounds  the  palpebral 
fissure  in  the  form  of  a  circle.  We  can  distinguish  in  it  two  portions,  a 
central  and  a  peripheral.  The  central  portion  lies  in  the  lids  themselves, 
and  is  hence  called  the  palpebral  portion  (portio  palpebralis).  Its  fibers 
originate  from  the  internal  palpebral  ligament,  the  ligamenium  canihi 
mediale  (sive  canthi  intemunf).  This  is  a  firm,  fibrous  ligament  (Fig.  284,  /) 
which  is  attached  to  the  frontal  process  of  the  superior  maxilla  (F),  and 
lies  directly  beneath  the  skin  of  the  internal  angle  of  the  eye  (Fig.  285). 
Hence,  it  is  visible  even  in  the  living,  especially  in  lean  persons  with  thin 

Explanation  or  Fig.  283. — Perpkndxcttlab  SstniON  thbouoh  thb  Uppxb  Lid. 
Magnified  6X1. 

The  skin  of  the  lid  presenU  in  the  upper  part,  above  a  sulcus,  the  covering  fold,  <f ;  below,  it  covert 
the  anterior  edge  of  the  lid,  v.  In  the  skin  are  found  fine  hairs,  e  e,  sweat  glands,  o,  and  on  the  anterior 
edge  of  the  lid,  cilia,  c,  c,  c.  In  the  neighborhood  of  the  latter  are  situateo  the  sebaiceous  glands  (Zeias't 
glands),  and  in  front  of  the  hair-papilUi  of  the  hindmost  cilium  is  seen  the  transversely  divided  tubule 
of  a  modified  sweat  gland  (gland  of  Moll),  the  excretory  duct  of  which  runs  down  alongside  of  the 
cilium  and  empties  into  its  hair>follicle.  jBeneath  the  skin  lie  the  transversely  divided  bundles  of 
fibers  of  the  orbicularis,  o  o,  of  which  tnoee  placed  most  posteriorly,  r,  form  the  musculus  ciliaris  Rio- 
lani.  The  posterior  surface  of  the  lid  is  covered  by  conjunctiva  which  is  intimately  adherent  to  the 
subjacent  tarsus.  A;,  and  over  the  latter  shows  papilUe,  especially  in  the  area  between  ib  and  ir  corre- 
sponding to  the  convex  (upper)  border  of  the  tarsus.  Still  higher  up  in  the  neighborhood  of  the  retro- 
tarsal  fold,  /,  it  acquires  an  adenoid  character.  The  Meibomian  glands  have  tneir  orifices  in  front  of 
the  posterior  edge.  A,  of  the  lid;  above  them  lie  the  branched,  tubular  glands,  tr,  v,  and  still  higher 
Krause's  glands,  kr,  and  in  front  of  these  M Oiler's  musculus  tarsalis  superior,  f,  and  the  tendon  of  the 
levator  palpebr»  superioris,  I.  From  the  latter  leashes  of  fibers  pass  between  the  bundles  of  the  orbic- 
ularis to  the  skin  of  the  lids,  s,  lax  cellular  tissue,  a«,  arcus  tarseus  superior.  Above  the  roots  of  the 
•Uia  is  the  cross  section  of  the  arcus  tarseus  inferior. 
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skins,  if  the  eyelids  are  drawn  outward,  a  manoeuvre  that  causes  the  inter- 
nal palpebral  ligament  to  project  and  bulge  the  skin  forward.  From  the 
internal  palpebral  ligament  the  fibers  of  the  palpebral  portion  of  the  orbic- 
ularis run  in  arches  over  the  anterior  surface  of  the  two  lids,  covering  them 
from  the  free  border  of  the  lids  to  the  margin  of  the  orbit,  and  finally 
meeting  at  the  outer  side  of  the  palpebral  fissure.  Here  they  unite 
by  means  of  a  tendinous  inscription  (the  rhaphe  pcUpebralis  IcUeralis). 
Beneath  this  lies  the  external  palpebral  [or  canthal]  ligament  {li^amen- 
turn  pcUpebrale  laterale)  (ligamentum  canthi  externum)  which  connects  the 
temporal  extremities  of  both  tarsal  cartilages  with  the  temporal  border  of 
the  orbit  (Fig.  284,  le;  Fig.  285).  The  external  portion  of  the  orbicularis 
is  the  orbital  portion  (portio  orbi talis).  It  lies  outside  of  the  palpebral 
portion,  upon  the  margin  of  the  orbit  and  the  parts  surrounding  it. 

The  peripheral  portion  of  the  orbicularis  moves  only  the  lids  them- 
selves, and  is  the  only  part  that  comes  into  play  in  the  ordinary  act  of 
winking.  In  shutting  the  lids  tight  the  orbital  portion  also  comes  into 
play,  and  the  more  so  the  more  strongly  the  lids  are  closed. 

The  levator  palpebroB  superioris  arises  at  the  bottom  of  the  orbit  from 
the  circumference  of  the  optic  canal,  and  from  this  point  runs  forward, 
lying  as  it  does  so  upon  the  superior  rectus  [with  which  it  is  intimately 
connected  by  bands  of  fascia. — D].  Spreading  out  in  the  form  of  a  fan, 
its  tendon  runs  down  upon  the  anterior  surface  of  the  tarsus  of  the  upper 
lid  (Z,  Fig.  283).  Besides  this  striated  levator  muscle  of  the  lid,  there  is 
also  an  organic  muscle  discovered  by  Heinrich  Müller,  and  called  the 
musdUus  tarsalis  superior.  The  smooth  fibers  of  this  arise  from  between 
the  striated  fibers  of  the  levator,  along  the  under  surface  of  which  they  too 
run  to  the  upper  margin  of  the  tarsus  {t,  Fig.  283).  An  analogous  bundle 
of  smooth  muscular  fibers  is  also  present  in  the  lower  lid,  where  it  lies 
to  the  lower  side  of  the  inferior  rectus,  and  is  attached  to  the  tarsus  of 
the  lower  lid  {muscidus  tarsalis  inferior  of  Müller). 

The  orbicularis  is  innervated  by  the  facial  nerve,  the  levator  by  the 
oculo-motor,  and  the  two  tarsal  muscles  of  Müller  by  the  sympathetic. 

At  the  free  border  of  the  lids  there  are  found,  in  the  vicinity  of  the 
cilia,  hair  follicles  and  the  sebaceous  glands  (here  called  Zeiss's  glands) 
connected  with  them.  Moreover,  close  to  the  margin  of  the  free  bor- 
der of  the  lids,  sweat  glands  occur,  the  structure  of  which  varies  some- 
what from  that  of  the  ordinary  sweat  glands,  for  which  reason  they  are 
known  as  modified  sweat  glands  or  Moll's  glands.  They  empty  into  the 
hair  follicles  of  the  cilia. 

The  tarsus  (fc,  Fig.  283)  forms,  so  to  speak,  the  skeleton  of  the  lid, 
giving  it  rigidity  of  form  and  affording  it  firm  support.  The  tarsus  of 
the  upper  lid  is  broader  (higher)  than  that  of  the  lower  (Fig.  285).  In 
the  tarsus  are  distinguished  a  free  and  an  attached  (convex)  border, 
and  also  an  anterior  and  a  posterior  surface.  The  fibers  of  the  orbicu- 
laris (o,  Fig.  28ß)  lie  upon  the  anterior  surface,  while  the  posterior  sur- 
face is  covered  by  the  conjunctiva.     The  two  extremities  of  the  tarsus 
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are  continuous  with  the  external  and  internal  palpebral  ligaments.    To 
the  convex  border  of  the  tarsus  is  attached  a  fascia  which  runs  from  it. 


Fig.  285. — Septum  Orbitale  a.nd  Lachrymal  Sac.    Natural  nine. 

The  skiu  and  the  mui^cular  fibers  of  the  orbictilaris  have  been  removed  from  the  lids  and  the 
parts  surrounding  them,  so  that  the  septum  orbitale  lies  exposed  to  view  within  the  bony  circum- 
ference of  the  orbital  cavity.  The  septum  orbitale  consists  of  the  tarsus,  which  iei  broader  in  the  upper 
lid,  narrower  in  the  lower,  and  of  the  fascia  tarso-orbitalis.  The  external  extremities  of  the  tarm  ar» 
attached  by  the  broad,  but  not  very  denw  rhaphe  palpebraliis  lateralis  to  the  malar  bone,  somewhat 
below  the  suture,  N,  between  this  bone  and  the  syeomatic  process  of  the  frontal  bone.  The  intonal 
palpebral  ligament  is  narrow,  but  stout;  its  anterior  limb,  which  is  the  only  one  visible  in  the  draw- 
ing, nms  from  the  frontal  process  of  the  superior  maxilla,  S,  outward  and  divides  so  as  to  be  inserted 
into  the  inner  extremities  of  both  the  upper  and  lower  tarsal  cartilaices.  (At  the  point  of  insertion  is 
seen  the  somewhat  projecting  papilla  lacrimalis.)  The  fascia  tarso-orbitalis,  represented  in  the  draw- 
ins  bv  the  radial  lines  of  shading,  runs  from  the  convex  border  of  both  tarsal  cartilages,  and  from  the 
palpebral  ligaments  to  the  margin  of  the  orbit,  and  together  with  these  parts  closes  in  the  orbit  in 
front.  The  tarsal  cartilages  and  the  fascia  are  here  supposed  to  be  transparent.  Hence,  in  the  former 
there  can  be  seen  the  Meibomian  glands,  which,  in  consonance  with  the  varying  breadth  of  the  tarsus, 
diminish  in  height  from  the  center  of  the  latter  toJts  two  ends.  Moreover,  in  the  upper  lid  three  aci- 
nous glands  (cf.  Fig.  283.  w)  are  visible  along  the  upper  border  of  the  tarsus.  Still  hi^er  up  a  curved 
line  shows  the  situation  of  the  fornix  conjunctivae.  Upon  the  fornix,  especially  in  its  nasal  half,  lie  the 
aeinious  glands  of  Krause  (Fig.  283.  kr),  while  in  the  temporal  half  of  the  tannis  are  found  lobules 
similar  in  character,  but  more  densely  packed,  representing  the  inferior  lachrymal  gland.  This  ad- 
Joins  ths  excretory  ducts  of  the  superior  lachrymal  gland,  whose  anterior  border  comes  into  sight  just 
below  the  upper  margin  of  the  orbit.  At  the  inner  and  lower  margin  of  the  orbit  the  ix>ne  has  been 
chiseled  away  to  show  the  lachrymal  pa.<<sages.  The  lachrymal  sac  lies  behind  the  internal  palpebral 
ligament,  its  apex  rising  a  little  above  the  latter.  The  line  that  in  the  drawing  runs  straight  upward 
from  the  apex  of  the  lachrymal  sac  to  the  horizontal  suture  is  the  suture  between  the  frontal  proceM 
of  the  superior  maxilla  and  the  lachrymal  bone,  upon  which  two  bones  the  lachrymal  sac  rests  (d. 
Fig.  2^  F  and  T).  The  lachrymal  sac,  after  undergoing  a  slight  constriction,  passes  into  the  nainl 
duet.  To  the  outside  of  this  is  the  antrum  of  Hi^hmore,  A,  which  has  been  opened  up  and  is  access- 
ible to  view.    Z,  suture  between  the  superior  maxilla  and  the  malar  bone.    F,  supraorbital  foramen. 


to  the  margin  of  the  orbit,  and  upon  either  side  is  connected  with  the 
palpebral  ligaments  (fascia  tarso-orbitalis).  Hence,  when  the  lids  are 
shut  the  orbit  is  closed  in  all  over  anteriorly  by  fibrous  structures  which 
together  form  the  orbited  septum — namely,  the  two  tarsi  in  conjunction 
with  the  fascia  tarso-orbitalis  and  the  two  palpebral  ligaments  (Fig.  285). 
The  tarsus  is  called  the  cartilage  of  the  lids.  It  is  not,  however,  car- 
tilage, but  a  very  dense  fibrillary  connective  tissue,  in  which  are  imbcxlded 
the  Meibomian  glands.  These  are  elongated  acinous  glands  which,  lying 
parallel  with  each  other,  traverse  the  tarsus  from  its  attached  to  its 
free  border.  They  are  longest  in  the. middle  of  the  tarsus,  where  the 
latter  attains  its  greatest  height,  and  grow  progressively  shorter  toward 
the  edges  of  the  tarsus  (Fig.  285).    In  their  essential  charact^  ib» 
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Meibomian  glands  are  nothing  but  large  sebaceous?  glands.  Like  the 
latter  they  secrete  sebum,  wliich  lubricates  the  edges  of  the  lids.  By 
this  the  overflow  of  tears  over  the  free  border  of  the  lids  is  hindered; 
the  closure  of  the  palpebral  fissure  is  rendered  water-tight;  and,  lastly, 
the  skin  of  the  border  of  the  lid  is  protected  from  maceration  by  the 
tears.  Acinous  mucous  glands  are  frequently  found  near  the  convex 
border  of  the  tarsus  (Fig.  2S3,  iv,  and  Fig.  28,5). 

In  accordance  with  its  anatomical  structure,  the  lid  can  be  readily 
divided  into  two  parts.  The  anterior  or  cutaneous  portion  contains 
the  skin,  together  with  the  cilia  and  also  the  fibers  of  the  orbicularie. 
The  posterior  or  conjunctival  portion  consists  of  the  tarsus  with  the 
Meiliomian  glands  and  of  the  conjunctiva.  The  two  portions  are  joined 
simply  by  loose  connective  tissue,  and  so  can  be  very  readily  split  apart. 
For  this  purpose  we  need  only  make  a  stab  in  the  gray  line  that  runs  br*- 
tween  cilia  on  the  one  hand  and  orifices  of  the  Meibomian  glancis  on  tlie 
other  (Fig,  284,  i).  The  splitting  of  the  lid  into  its  two  layers  forms  an 
important  part  of  many  trichia^sis  operations. 


The  liffamentum  pafpebrale  mediale  requires  a  more  precise  description  than  that 
given  above.  It  arise«  from  tlic  frontal  proee«i^  of  the  sufwrior  nmxjlki  {F,  Fig,  2H4l 
and  first  passes  straight  outward^  skirting  the  anterior  wall  of  the  lachrj^nal  Ha<?  (A). 
Then  it  bends  back,  winding  about  the  anterior  and  external  walls  of  llie  kthryinal 
Ba<%  and  runs  backward  to  the  crista  lacrimalis  posterior  of  the  lachrjuutl  hone  (T). 
We  accordingly  diHtinguish  in  the  interna!  palj^ebral  ligament  two  branches,  ^vhich 
meet  at  the  point  where  it  bends  backward.  The  anterior  branch  (i )  is  eituated  directly 
beneath  tljc  skin,  and  hence  is  visible  in  the  living  subject;  at  its  point  of  reflect  ion 
it  giveü  off  a  process  to  the  tipper  and  lower  im^ua  rcsix^etivcly  (Fig.  Ii85).  The  pos- 
terior branch  (Ä),  which  Ktarts  from  the  f>oint  of  reflect  ion  and  extends  to  the  crista 
lacrimalis,  can  be  brought  to  \iew  only  by  dissection.  The  two  brancheß  together 
with  the  lachrymal  l>one  {T)  bound  a  space,  triiingular  on  croös  section,  in  which  be» 
the  lachrymal  sac^  the  walls  of  the  latter  l>oing  unite«!  by  lcx)se  connective  tissue  with 
the  inner  Kurfaee  of  the  ligament.  Into  the  external  surface  of  the  ligament  are  in- 
Berted  the  fillers  of  the  palpebral  portion  of  the  orbicularis.  One  portion  of  the  libers 
of  the  latter  springs  from  the  anterior,  another  portion  from  the  posterior  l>ranch  of 
the  ligament.  The  latter  fibers,  whose  insertion  is  in  part  continued  out  beyond  the 
posterior  extremity  of  the  ligament  upon  the  inner  wall  of  the  orbit,  art^  called  the 
par«  lacrimalis  mu^sruli  oTbifTilariH ,^  or,  fnmi  their  discoverer,  H rimer's  muscle  (H), 
The  insertion  of  the  fibers  of  the  orbicularis  into  the  interna!  palpebral  ligament  is  of 
significance  for  the  conduction  of  tears.  \Mien  these  fibers  contract,  they  tlraw  up  th« 
ligament,  and  hence  also  indirectly  the  wall  of  th(*  tear  sac  so  far  as  it  adjoin»  the 
ligament.     The  sac  is  thus  dilated,  and  enabled  to  suck  up  the  tears  (see  §  118). 

The  fibers  of  the  orbicularis  fuse  with  the  anterior  surface  of  the  tarsus*  In  I  he 
neighborhood  of  the  fret;  borders  of  the  lid  there  arc  some  bundles  which  lie  near 
the  inner  margin  of  the  lid,  partly  in  front  of,  partly  behind  the  excretory  dticls  of  the 
Meibomian  glands  {mtisadus  dliaris  Äiij^anf  sive  subtnrnalijf:  r.  Fig,  283). 

[The  upper  lid  is  raised  not  only  by  the  levator,  but  also  by  the  musculua  tarsalis  kj 
superior  (see  page  614)  and  by  the  superior  rectus.  For  the  tendon  of  the  latter  b? 
8o  solidly  united  with  that  of  the  levator  by  fascial  bands  that  it  may  be  saitl  to  have 
a  common  insertion  with  the  levator  in  the  tarsus  of  the  upper  lid.  Hence,  when  the 
superior  rectus  contracts  and  raises  the  eye,  it  aasists  in  lifting  the  upper  lid  and  the 
retrotarsal  fold  at  the  same  time.    The  same  thing  happens  if  the  superior  rectus  re^ 


618  TEXT-BOOK  OF  OPHTHALMOLOGY. 

tract«  from  any  cause,  e.  g.,  as  the  result  of  a  complete  tenotomy  producing  a  trau- 
matic paraljTsis.  The  upper  lid  is  then  pulled  up,  and  the  eye  consequently  is  wider 
open  than  its  fellow.  On  the  contrary,  in  an  advancement,  in  which  the  tendon  of 
the  superior  rectus  and  with  it  the  fascial  bands  are  brought  forward,  the  upper  lid  is 
carried  forward  too,  and  the  eye  is  1  or  2  mm.  less  open  than  its  fellow.  The  same 
thing  happens  in  a  complete  paralysis  of  the  superior  rectus,  not  due  to  division  of 
its  tendon;  the  relaxed  muscle  allows  the  lid  to  droop  somewhat,  especially  when  the 
eyes  are  carried  up. 

The  lower  lid  is  carried  down  not  only  by  its  weight,  but  also  by  the  action  of  the 
musculus  tarsalis  inferior  (supplied  by  the  sympathetic)  and  by  a  slip  which  runs  from 
the  tendon  of  the  inferior  rectus  directly  to  the  tarsus.  Hence,  when  the  inferior  rectus 
pulls  the  eye  down  it  depresses  the  lower  lid  at  the  same  time,  and  hence  also,  as  in  the 
case  of  the  superior  rectus,  a  complete  tenotomy  of  the  inferior  rectus  makes  the  palpe- 
bral fissure  wider  and  an  advancement  of  this  muscle  makes  it  narrower. 

By  expansions  from  their  tendons  the  external  and  internal  recti  also  act  upon  the 
lids  ;  so  that  when  the  eye  is  abducted  the  outer  canthus  is  pulled  outward,  and  when 
the  eye  is  adducted  the  inner  canthus  is  pulled  back  and  in  (Dwight). — D-l 

The  blood-vessels  of  the  upper  lid  arise  from  two  arterial  arches,  the  arcus  tarscus 
superior  and  inferior  (as  and  at,  Fig.  46),  which  run  along  the  upper  and  lower  margins 
of  the  tarsus.  From  them  fine  ti^ngs  are  given  off  to  all  parts  of  the  lid.  The  most 
vascular  portions  are  the  free  border  of  the  lid  and  the  conjunctiva. 

The  veins  of  the  lids  are  still  more  numerous  and  of  wider  caliber  than  the  arteries. 
They  form,  beneath  the  upper  and  lower  retrotarsal  folds,  a  dense  plexus,  which  even 
in  the  living  subject  can  be  seen  in  this  situation  shining  through  the  conjunctiva  of 
the  fornix  when  the  lid  is  everted.  The  veins  of  the  lids  in  part  empty  into  the  veins 
of  the  forehead,  in  part  into  the  branches  supplying  the  ophthalmic  vein.  The  latter 
set,  in  order  to  reach  to  the  veins  of  the  orbit,  must  pass  between  the  fibers  of  the  orbic- 
ularis. Hence,  permanent  contraction  of  the  orbicularis,  such  as  occurs  in  blepharo- 
spasm, may  lead  to  engorgement  of  the  veins,  and  consequently  to  oedema  of  the  lids, 
a  result  which,  in  fact,  we  very  frequently  observe,  especially  in  children  with  con- 
junctivitis eczematosa  and  coincident  blepharospasm. 

The  lymphatic  vessels  of  the  lids  are  abundant,  especially  in  the  conjunctiva.  Fur- 
thermore, lymph  spaces  of  larger  size  (periacinous  spaces)  are  found  about  the  adni 
of  the  Meibomian  glands.  The  lymph  vessels  of  the  lids  run  to  the  lymph  gland  m 
front  of  the  ear,  which,  consequently,  is  often  found  to  be  swollen  in  affections  of  the 
conjunctiva  (particularly  in  conjunctivitis  eczematosa  and  acute  blennorrhoea>. 

That  part  of  the  cornea  and  of  the  scleral  conjunctiva  which  ordinarily  is  not 
covered  by  the  lids  is  called  the  interpalpebral  zone.  Since  in  this  situation  the  eyeball 
is  deprived  of  the  protection  of  the  lids,  it  is  particularly  exposed  to  many  sorts  of 
disorders,  and  it  is  therefore  important  to  know  its  situation.  This  situation  changes 
according  to  circumstances,  and  in  the  following  way:  1.  In  the  ordinary  way  of  look- 
ing the  interpalpebral  zone  comprises  the  entire  cornea,  with  the  exception  of  its  extreme 
upper  part,  and  comprises  also  a  corresponding  large  triangular  area  of  the  conjunctiva 
on  both  sides  of  the  cornea.  2.  When  the  eyes  are  a  little  screwed  together — e.  g., 
when  we  are  walking  in  the  face  of  the  wind  or  rain  or  in  the  midst  of  smoke — ^the 
interpalpebral  zone  diminishes  in  size,  and  at  the  same  time  is  depressed  so  as  to  occupy 
the  lower  half  of  the  cornea.  The  lower  lid  is  raisnd  a  little  and  covers  the  extreme 
lower  part  of  the  cornea,  and  the  upper  lid  drops  a  good  deal,  so  that  its  border  lies 
only  a  little  above  the  center  of  the  cornea.  Then  the  interpalpebral  zone  forms  upon 
the  cornea  a  zone  from  4  to  6  mm  in  breadth  which  occupies  the  lower  half  of  the 
cornea,  with  the  exception  of  its  extreme  lower  part,  and  with  which  there  is  con- 
nected on  either  side  a  very  small  triangle  of  scleral  conjunctiva.  The  interpal- 
pebral zone  as  thus  defined  is  the  part  which  more  than  any  other  is  constantly  exposed 
to  external  injuries.  Hence,  in  many  men  we  find  this  portion  of  the  scleral  conjunctiva 
somewhat  injected  all  the  time,  and  later  on  in  life  we  fiind  it  occupied  by  the  Pinguec- 
ula.   In  this  spot  are  developed  pterygium,  zonular  opacity  of  the  cornea,  and  xerosis 
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röf  the  conjunctiva  and  cornea.  In  inflammations  of  the  conjunctiva  this  division  of 
the  latter  is  frequeritly  distinguished  hy  l»emg  somewhat  more  swollen  than  the  rest, 
or  it  umy  even  protrude  into  the  pal|x»bral  fisanre  uncJer  the  form  <if  a  Iransversely 
placed,  ver>'  cedematous  swelling.  'S.  When  t  he  eye  is  turned  upward  in  sleep  the  inter- 
palpebral  »one,  in  case  the  lids  are  not  eompletely  closed,  is  displaced,  so  as  to  occupy 
mainly  the  scleral  conjiuictjva  beneath  the  cornea,  and  at  most  tlie  extreme  lower 
portion  of  the  latter,  AfTertions  within  the  confines  of  the  interpalpebral  zone  as  ihua 
defitied  are  found  when  the  pa!|iebral  fissure  ia  kept  o|:>en  during  slwp,  and  hence  mainly 
in  lagophthalmiLS,  in  which  the  conjunctiva  beneath  the  cornea  is  found  injected  or 
a?dematou>i,  and  in  which»  when  the  affection  is  of  greater  extent,  the  lowermost  di- 
vision of  the  cornea  also  suffers  damage.  The  same  turning  upward  of  ihe  e3'eball 
that  iw'curs  m  sk*ep  takes  place  aha  when  one  winks  because  of  the  approacli  of  any- 
thing endangering  the  eye,  for  which  reason  injuries  by  bums  and  caustic  Bubstancas 
aifect  principally  the  extreme  lower  portion  of  the  cornea. 

1,  Inflammation  of  the  Skin  of  tbe  Lids* 

107.  In  the  skin  of  the  Hds  we  find  almost  all  those  diseases  which 
appertain  to  the  skin  in  general  With  regard  to  them,  therefore,  ref- 
erence must  he  made  to  the  text-books  on  skin  diseases.  In  this  place 
only  surh  affections  of  the  skin  of  the  lids  will  be  considered  as  are  of 
comparatively  frequent  occurrence  in  the  lids,  or  which,  in  consequence 
of  the  peculiar  anatomical  structure  of  the  latter,  present  some  special 
features  in  their  course  and  their  result. 


1.  Exanthemata, 

Among  the  actde  exanthemata  erysipelas  requires  special  mention. 
If  this  attacks  the  skin  of  the  face,  the  lids  participate  very  markedly 
in  the  inflammation,  so  that  they  are  very  greatly  swollen,  and  the 
patient  for  several  days  together  can  not  open  his  eyes.  When*  the 
swelling  and  infiltration  are  specially  marked,  the  skin  of  the  lids  be- 
comes gradually  discolored  and  blackish,  and  at  length  to  a  large  extenl 
gangreoous  (erysipelas  gangncnosutn)*  Not  infrequently  the  erysipel- 
atous process  penetrates  under  the  guise  of  a  phlegmonous  infiamnia- 
tion  into  the  deeper  parts,  so  that  abscesses  are  produced  in  the  lids 
or  even  in  the  orbit  itself.  In  the  hitter  rase,  implication  of  the  optic 
nerve  nitiy  occur,  and,  by  transmission  of  the  suppuration  to  the  cranial 
cavity,  meningitis  may  take  piace  and  lead  to  a  fatal  issue. 

Herpes  fehrilis  forms  on  the  lids  small  limpid  vesicles  w^hieh  are  usu- 
ally situated  in  groups  placed  on  a  common,  slightly  reddened  base.  After 
a  few  days  they  dry  up  without  leaving  any  scar.  Herpes  fel)rilis  is  usually 
unilateral  anil  dt^velops  in  conseriuence  of  febrile  infectious  diseases,  most 
often  those  of  the  respiratory  tract.  It  is  often  ivssociated  with  an  erup-  , 
tion  of  vesicles  on  the  cornea  (page  2o9).  Sprinkling  the  vesicles  with  a 
desiccant  dusting  powder  suffices  for  the  treatment. 

Herpes  zositer  is  an  affection  of  the  skin  which  consists  in  the  forma* 
tion  of  vesicles  along  the  terminal  expansion  i»f  a  nerve.  Among  the 
cranial  nerves  the  trigeminus  is  the  one  in  wliose  area  of  distribution 
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this  affection  occurs.  The  efflorescences  are  then  found  in  the  \ieinity 
of  the  eye,  for  which  reason  herpes  of  the  trigeminus  is  known  as  her- 
pes zoster  ophthalmicus  or  zona  ophthulmica. 

Violent  neuralgic  pains  in  the  course  of  the  trigeminus  usually  pre- 
cede for  some  days  the*  outbreak  of  herpes.  Then  the  cxanthem  makes 
its  appearance,  with  accompanying  febrile  *sym|)toms — vesicles,  which 
for  the  most  part  are  arranged  in  groups,  starting  up  upon  the  reddened 
skin.    The  vesicles  most  frequently  occupy  the  region  of  distribution  of 
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FlO.  2SG.— HtHPB*    ZO8TSB  OPUTUALMtCU«. 

In  ft  irirl  twenty  year?»  of  ag**.    HpicinniniBt  of  the  «liwaM»  five  (Jays  prwioai.    Th«  rcfliele»  < 
the  rfj^ioci  (»I  di^trihuiioa  uf  the  ßr^t  branch  of  t^ie  ih^eminu»«     Thii«  1»  the  cate  even  with  ihoa«  00 
the  »(»»e  whjeh  extend  down  to  the  tip  %Ä  the  lAtter  icorrespondiujt  to  ilie  duitributkm  of  tJ>e  1 
(UMio-ciliAriB  of  the  first  br&nch}. 


the  first  branch  of  the  nerve,  so  that  they  are  found  upon  the  upper 
lid,  up<>n  the  forehead  as  far  as  the  scalp»  and  also  upon  the  nose  (Fig, 
286).  When  the  district  supplied  by  the  second  branch  of  the  trigemi«  I 
nus  is  affected,  the  vesicles  are  situated  upon  the  lower  lid.  over  the 
superior  maxillary  region  as  far  down  as  the  upper  lip,  and  over  the  re- 
gion of  the  malar  bone.  Sometimes  the  terminal  expansions  of  both 
branches  are  aflferted  simultaneously,  while  it  is  extremely  rare  for  the 
region  of  the  third  branch  to  be  involved.  It  is  a  characteristic  featur^ 
of  the  exantheni,  which  is  almost  always  confined  to  one  side,  that  th^'^ 
fection  of  the  skin  is  sharply  delimited  at  the  middle  line. 
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At.  first  the  vesieleH  contain  a  limpid  fluid,  which  soon  becomes 
'  cloudy  and  purulent,  and  finally  dries  up  into  a  crust.  If  this  Is  re- 
moved, an  ulcer  is  found  beneath  it.  a  proof  that  the  suppuration  has 
■  penetrated  into  the  rorium.  After  the  ulcer  heals,  cicatrices  remain 
which  are  visible  during  the  whole  life,  and  liy  their  characteristic  ar- 
rangement render  it  possible  to  diagnostirate  the  previous  existence  of 
a  herpes  zoster  even  years  afterward.  By  this  formation  of  cicatrices 
the  vesicles  of  herpes  zoster  are  distinguished  from  those  of  herpes  fe- 
brilis,  in  which  the  epidennis  alone  is  detached  by  the  fluid,  so  that 
they  heid  without  leaving  any  trace  of  their  existence  behind. 

The  affection  of  the  skin  is  very  frequently  complicated  wnth  an 
affection  of  the  eye,  consisting  either  of  a  keratitis  or  an  irido-cy cutis. 
By  tlie  presence  of  such  a  comf>lication  the  prognosis  of  herpes  zoster 
is  rendered  essentially  worse. 

An  inflammatory  affection  of  the  trigeminus,  which  is  located  either 
in  the  trunk  of  the  nerve  itself  or  in  the  Ga&serian  or  ciliary  ganglion, 
lies  at  the  bottom  of  herpes  zoster  ophthalmicus.  By  what  means  the 
inflammation  of  thcst*  structures  is  produced  remains  in  most  cases  un- 
know^n.    In  some  eases  herpes  has  h*?en  seen  to  develop  as  a  result  of  ehill- 

king  of  the  lx>dy,  head  injuries,  the  use  of  arsenic,  and  poisoning  by  car- 
bon monoxide  gas* 
The  treatment  of  her|>es  zoster  is  purely  symptomatic.  We  avoid 
opening  the  vesicles,  as  by  doing  so  the  raw  surface  in  the  skin  would 
m  exposed  and  pain  would  be  excited.  To  prevent  this  we  sprinkle 
Ifie  affected  spots  with  dusting  powder  (rice  starch)  which  causes  the 
vesicles  to  dry  up  into  crusts,  beneath  which  the  ulcers  can  heal  undis- 
turbed. The  affection  of  the  cornea  or  of  the  iris  is  to  be  treated  accord- 
ing to  the  ordinary  rules, 
H  Eczema  of  the  lids  occurs  both    in  an  acute  and  a  chronic  form. 

^  Aade  eczema  is  often  artificial,  i.  e.,  caused  by  the  application  of  sub- 
stances w^hich  the  skin  does  not  tolerate,  such  as  tincture  of  arnica, 
blue  ointment,  adhesive  plaster,  etc. 

At  the  outset,  as  long  as  the  skin  is  simply  red  and  sw^ollen,  the 
disease  looks  like  erysipelas,  but  is  distinguished  from  it  by  the  fact 
that  in  erysipelas  the  skin  is  infiltrated  throughout  its  entire  thickness, 
and  hence  feels  much  thicker  and  firmer  than  in  eczema. 

■  Chronic  eczema  either  develops  from  an  acute  eczema  or  is  chronic 
from  the  start.  It  may  be  simply  one  of  the  evidences  of  an  eczema 
that  is  distributed  widely  over  the  body,  or  it  may  be  present  in  the 
lids  alone.  In  the  latter  case  it  usually  has  a  local  cause,  which  is  most 
often  a  wetting  of  the  skin  of  the  lids  with  the  tears  in  chronic  conjunc- 
tivitis, ectropion,  affections  of  the  lachrymal  sac,  etc.  In  these  cases 
■  often  only  the  lower  lid  is  attacked. 
Acute  eczema  is  treated  with  compresses  of  aluminum  acetate,  and 
washing  with  water  is  avoided.  Afterward  when  the  sw^elling  of  the 
skin  has  gone  down  ointments  are  indicated^    Of  these  we  select  either 
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diachylon  ointment  (Hebra)  or  ointments  made  with  zinc  oxide  or 
white  precipitate  (1  or  2  per  cent)  or  with  ichthyol  (5  per  cent).  The 
ointments  are  spread  thickly  on  pledgets  of  linen,  which  are  laid  on  the 
closed  lids  and  retained  there  by  a  bandage.  In  extensive  eczema  the  entire 
face  is  covered  with  a  linen  mask  smeared  with  ointment  on  the  inside. 

In  chronic  eczema  the  application  of  ointments  or  pastes  is  like- 
wise indicated,  and  the  skin  at  the  same  time  is  protected  by  them 
from  the  tears.  In  squamous  eczema  we  use  tar  ointments  and  for 
washing  the  lids  salicylic  spirit. 

Eczema  of  the  lids  is  especially  common  in  children,  particularly 
under  the  form  of  moist  eczema,  which  is  called  by  the  name  of  crusta 
lactea  (milk  crust,  tetter).  It  forms  the  most  frequent  accompani- 
ment of  conjunctivitis  eczematosa.  The  connection  between  eczema 
and  conjunctivitis  is  either  this,  that  both  owe  their  origin  to  the  same 
causal  disease,  scrofula,  or  else  the  eczema  is  the  result  of  the  conjunc- 
tivitis. For,  as  the  latter  is  associated  with  profuse  lachrymation,  the 
lids  are  constantly  moistened  with  the  overflowing  tears,  and  hence 
become  eczematous.  Besides,  children  are  in  the  habit  of  rubbing  their 
eyes  with  their  hands,  so  that  all  the  parts  about  the  eye  are  wet  with 
the  lachrymal  fluid.  The  eczema  requires  treatment  both  on  its  own 
account  and  also  because  of  any  eczematous  conjunctivitis  that  may 
chance  to  be  present.  The  latter  is  cured  much  more  quickly  if  at  the 
same  time  the  eczema  of  the  skin  is  got  out  of  tlie  way — contrary 
to  the  popular  belief  which  is  disposed  to  take  the  opposite  view.  (We 
often  hear  the  complaint,  ''The  eruption  which  the  physician  has  driven 
from  the  skin,  has  broken  out  in  the  eye".)  The  treatment  in  this  case 
too  is  performed  by  means  of  the  ointments,  above  given.  Another 
effective  method  of  treatment  consists  in  the  application  of  a  5-  to  10- 
per-cent  solution  of  silver  nitrate  (see  page  184). 

Eczema  at  the  border  of  the  lid,  being  modified  by  the  peculiar 
anatomical  structure  of  the  region,  appears  under  a  special  form  and  will 
receive  separate  description  later  under  the  head  of  blepharitis  ciliaris. 

After  the  subsidence  of  herpes  zoster,  anomalies  in  the  function  of  the  trigeminu» 
often  remain;  ansesthesia  or  neuralgia,  both  combined,  persisting  for  a  long  time 
in  the  area  supplied  by  the  affected  branches.  The  cornea,  which  even  while  the  inflam- 
mation is  still  present  is  less  sensitive  than  normal,  usually  retains  this  condition  of 
diminished  sensibility  for  a  long  time.  The  two  foUowing  phenomena  likewise  must 
be  referred  to  alterations  in  the  nervous  influence:  The  first  consists  in  the  abnormally 
low  tension  that  the  eyeball  frequently  shows  when  it  participates  in  the  inflammation; 
the  second  is  the  striking  elevation  of  temperature  of  the  skin  upon  the  affected  side, 
which  not  only  is  present  while  the  inflammation  is  recent,  but  often  lasts  for  quite 
a  long  time  afterward. 

It  is  said  that  the  eye  is  implicated  only  in  those  cases  of  herpes  zoster  ophthal- 
micus, in  which  the  naso-ciliary  branch  is  involved  (Hutchinson).  The  disease  in  the 
eye  affects  either  the  cornea  or  the  iris. 

The  cornea  may  be  implicated  in  various  ways.  In  the  first  place,  it  may  be  im- 
plicated through  the  breaking  out  upon  it  of  herpes  vesicles  from  which  quite  large 
ulcers  may  develop.  In  other  cases  deep  infiltrates  may  form  which  do  not  imdergc> 
purulent  disintegration,  but  are  very  slow  in  disappearing   (keratitis  profunda;   see 
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pa^c  272).  The  cornea  may  also  be  afTccted  indirci-tlyt  in  that  a  paralysis  of  the  tngem- 
iiuw  remains,  and  as  a  coosequeiice  of  this  a  keratitis  neuroparalytica  is  set  yp.  Then 
1  have  seen  two  cases  in  which  herpes  was  comp  heated  with  facial  paralysis^  and  a« 
a  result  of  the  latter,  &  keratitis  e  lagophthalmu  developed.  Iritis  is  often  associated 
wnth  these  various  diseases  of  the  cornea,  and  iritis  and  irido-eyclitis  may  also  develop 
as  a  result  of  herpes  Independently — i»  e.,  without  there  belnK  any  simultaneons  affeo 
lion  of  the  cornea  at  all.  Mydriasis  and  paralysis  of  the  oculo-raotor  or  abduccns  nerves 
also  occur  in  coDAequenec  of  herpes  »oster. 


2.  Phlegmonous  Inflammations  of  the  Lids. 

Under  this  head  belong:  1.  AbBCenseB  of  the  lids.  These  originate 
most  frequently  after  injuries?.  In  other  cases  the  affection  starts  from 
the  bones;  periostitis  and  caries  of  the  margin  of  the  orbit  lying  at  the 
root  of  it.  This  is  especially  apt  to  be  the  case  in  scrofuloys  children, 
in  whom,  moreover,  the  carious  diseases  of  the  margin  of  ihe  orbit  is 
frecjuently  referable  to  injury.  Lastly,  erysipelas  not  infrequently  gives 
rise  to  abscesses  of  the  lids  if  the  inflammation  penetrates  from  the 
skin  into  the  deeper  parts.  2.  Furuncles,  which,  mainly  occur  in  the 
region  of  the  eyelirows.  3,  Anthrax  pustule  (malignant  pustule)-  This 
arises  through  a  transfer,  by  a  process  of  inoculation,  of  the  poison  of 
anthrax  (the  Bacillus  anthracis)  from  animals  affected  with  anthrax 
to  man.  It  is  hence  most  frequently  found  in  those  persons  who  have 
to  do  with  animals  or  the  products  obtained  from  them— e.  g.,  in  host- 
lers, shepherds,  graziers,  butchers,  tanners,  and  furriers.  In  the  Vienna 
clinics  most  of  these  patients  come  from  Hungary.  The  disease  some- 
times terminates  fatally. 

The  symptoms  of  the  phlegmonous  processes  in  the  Hils  are  marked 
inflammatory  atlema  ancl  indurated  infiltration  in  the  skin  of  the  lid 
or  beneath  it.  With  this  are  associated  swelling  of  the  lymphatic 
glands  m  front  of  the  ear  and  near  the  lower  jaw,  and  fever  and  pros- 
tration. In  the  after-course  of  the  disease  disintegration  of  the  infil- 
trated portion  of  the  skin  takes  place,  or,  if  the  case  is  one  of  abscess, 
softening  of  the  infiltrate  sets  in,  with  escape  of  the  pus  externally  by 
its  breaking  through  the  skin.  Not  infrequently  extensive  gangrene 
of  the  skin  of  the  lids  occurs.  The  result  of  this  is  cicatricial  shrink- 
ing of  the  lid  in  the  course  of  healing  and  its  consequent  contraction, 
so  that  lagophthalmus  or  ectropion  is  produced.  In  both  erysijielas 
and  malignant  pustule  it  is  not  unconmitm  for  both  lids  to  be  affected 
by  tlie  destructive  process.  Tlus  latter  presents  the  peculiarity  that 
even  when  it  is  of  great  extent  it  leaves  exempt  the  free  borders  of  the 
lids  together  with  the  cilia  that  they  bear.  This  exemption  is  perhaps 
to  be  ascribed  to  the  fact  that  nf  all  portions  of  the  liils  the  free  border 
18  most  abundaiitly  supplied  with  Wood -vessels,  and  hen  re  less  readily 
falls  a  prey  to  necrosis.  The  preservation  of  the  border  of  the  lid  is 
a  very  favorable  circumstance  for  those  cases  in  which  a  plastic  opera- 
tion upon  the  lids  afterward  becomes  necessary,  since  the  border  of  the 
lid  can  be  used  to  skirt  the  edge  of  the  implanted  flap. 
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In  cases  of  tuberculous  disease  of  the  orbital  margin,  the  suppuration 
often  occurs  without  inflammatory  symptoms  of  any  account  and  under 
the  guise  of  a  cold  abscess. 

Treatment  follows  the  general  rules  of  surgery.  In  abscesses  of  the 
lids  an  incision  should  be  made  as  early  as  possible  (that  is,  as  soon  as 
we  are  able  to  make  the  diagnosis),  in  order  to  prevent  the  extension 
of  the  suppuration  into  the  deeper  parts  (orbit  and  jneninges).  How- 
ever, in  cold  abscesses  we  may  first  make  the  attempt  to  cure  the  abscess 
together  with  the  bone  lesion  by  aspirating  the  pus  with  a  syringe  and 
then  injecting  some  iodoform  emulsion  into  the  abscess  cavity.  When 
the  skin  of  the  lids  is  destroyed  by  inflammation,  it  is  our  business  to 
strive  to  prevent  as  far  as  possible  the  subsequent  contraction  of  the 
lids  due  to  cicatrization.  In  large  losses  of  substance  in  the  lids  it  is 
best  to  refresh  the  edges  of  the  two  lids  in  isolated  spots  and  imite 
them  by  sutures.  As  long  as  the  palpebral  fissure  is  kept  closed  in  this 
way,  lagophthalmus  can  not  develop,  and  the  cicatrix  that  forms  is 
broader.  It  is  also  advisable  in  such  cases  to  graft  bits  of  skin  upon 
the  granulating  surface  of  the  injured  lids.  In  order  not  to  endanger 
the  result  by  a  secondary  shrinking  of  the  newly  formed  cicatrix,  the 
lids  that  have  been  thus  artificially  united  are  not  separated  again 
until  some  months  after  the  cicatrization  has  been  completed.  If  in 
spite  of  these  measures,  such  a  considerable  contraction  takes  place, 
that  lagophthalmus  or  ectropion  is  caused  by  it,  the  skin  which  has 
been  destroyed  must  be  replaced  by  blepharoplasty. 

3.  Ulcers  of  the  Skin  of  the  Lids, 

Ulcers  are  produced  partly  as  the  result  of  injuries  (bums,  the  action 
of  caustic  substances,  and  contusion),  partly  spontaneously.  Of  the  latter 
kind  are  the  tuberculous  (including  as  special  forms  scrofulous  and  lup- 
ous) ulcers  and  syphilitic  ulcers.  In  children  scrofulous  ulcers  are  found 
not  infrequently  in  conjunction  with  caries  of  the  adjacent  bone.  Lupus 
is  likewise  of  frequent  occurrence  in  the  lids,  usually  migrating  to  them 
from  the  neighboring  regions  (nose  or  cheek).  From  the  lids  it  may  pass 
over  to  the  conjunctiva  and  even  to  the  eyeball;  and  so,  when  lupus  of 
the  face  has  lasted  for  a  long  time,  considerable  changes  in  the  lids  and 
eyeball  are  often  found,  which  may  even  produce  complete  blindness. 

The  syphilitic  ulcers  of  the  lids  are  either  examples  of  initial  sclero- 
sis or  disintegrating  gummata.     Soft  chancre   also  oceurs  on  the  lids. 

Among  the  ulcers  of  the  skin  of  the  lids  must  also  be  mentioned  vaccine  vlccrs. 
The  way  in  which  they  develop  is  that  by  some  carelessness  secretion  is  carried  from 
children's  vaccine  pustules  to  the  lids.  They  are  found  most  frequently  in  women 
whose  children  have  been  vaccinated  a  short  time  before.  They  form  pretty  large, 
very  coated  ulcers,  situated  on  the  edges  of  the  lids,and  accompanied  by  considerable 
oedema  of  lids  and  even  conjunctiva.  To  these  symptoms  are  added  swelling  of  the 
lymph  gland  in  front  of  the  ear,  and  sometimes  even  fever  (cf.  pages  188  and  249). 
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CEdema  of  TfiK  Lms. — QEdefna  of  the  lids  is  of  course  not  a  diae&ae  but  only 
a  sj^niptoin,  yei  us  tjiicli  it  is  so  frei|uenl  and  at  the  same  time  so  conßpicuouß  tliat  it 
deserveä  ciuite  a  dt^ailed  description.  Its  development  is  favored  to  an  nnuisiml  degree 
by  ttu*  anatomical  striiclune  of  the  lid  (see  f*age  610):  bentt^  it  is  found  not  only  in 
<H>nnertion  with  everj'-  violent  inflammation  of  the  lids  themselves  or  of  the  neighhoring 
parts,  Ijut  ubo  in  eonsequent«  of  simple  venous  conge^stion  or  a»  altered  st4ite  of  the 
blood.  ItJ  tfie  former  case  ue  fire  dealing  with  injhimmatory  (edema  (cBclema  ealidum), 
ID  the  second  caäe  with  a  non-itißantmtiiory  mlefna  (cedema  frigid  Urn).  As  long  as  the 
\*ifßdcma.  is  on  the  increase,  the  skin  of  tlie  lid  is  found  to  be  smooth  and  teniae;  hut  as 
lR>on  as  the  OKJema  t>egiiis  to  decrease»  this  m  at  once  maiie  manifest  by  the  fiirmation 
<jf  minute  wrinkles  in  the  skin  of  the  lid — a  phenomenou  vvltich  is  lherefc»re  of  value 
as  affording  evidence  that  the  process  has  already  passed  it«  acme. 

(Edema  of  the  lid«  often  causes  the  patient  more  alarm  than  does  the  lesion  which 
Hea  at  the  bottom  of  it,  because  be  can  not  o|>en  tlie  swollen  eye,  and  hence  can  twi 
see  with  it.  And  for  the  less  experienced  ph^nsii-ian  marked  (inlenm  presents  difficulties, 
inagnmch  as  it  liinders  the  accurate  inspection  of  the  eyeball.  If,  in  coTi.sequence, 
the  phji^ician  get«  but  a  transient  view  of  the  eye,  «»r  no  view  at  all,  he  may  easily  make 
a  false  diagnosiö,  and  may  cause  tlie  jmtient  great  anxiety  for  wlmt  is  jx^rhaps  an  insig- 
nificant affection.  For  the  benefit  of  the  general  practitioner,  therefore,  those  affections 
which  are  asBociat^  with  cedema  of  the  lids  will  Ije  enumerated  in  the  following  lines» 
and  at  the  same  time  the  symptoms  will  be  given  from  whiüli  the  diagnosia  can  be 
made. 

The  first  thing  to  be  done  is  to  opf»n  the  lids  sufficiently  in  epitc  of  the  axicma, 
for  which  purpose  we  may  with  advantage  use  Desmarre's  elevator  [m*c  Fig.  3],  espe- 
cially in  I  lie  presence  of  marked  swelling  r>r  violent  blcpliarospasm.  We  then  see  whether 
the  conjunctiva  is  free  from  redness,  and  the  eyeball  ks^^K  is  normal,  not  protruding, 
and  freely  movable;  or  wiiether,  on  the  contrary,  morbid  changes  can  !x*  made  out 
to  exist  in  these  f>arts« 


I 


(a)  Upon  ScpamÜTtg  the  Lids  Üie  Deeper  Parts  appear  Normal. 


It  m  necessary  first  to  determine  whether  what  we  have  before  us  ts  an  inflam- 
matory'' or  a  no n -inflammatory  a^dema.  1  he  former  is  distinguished  frdin  the  latter 
by  the  redness,  the  increased  temj>erat ure,  and  not  infrequently  also  by  the  wnsitive- 
nesa  to  touch.  I^'t  us  assume  that  we  art^  dealing  with  an  itiftnmnmtönj  mtema.  In 
order  to  find  otit  what  affection  lies  at  the  L>ottoni  of  it,  we  now  try  to  ascertain  whether 
in  paljx^iting  the  swollen  part  we  do  not  come  U(H>n  some  one  sjX)t  which  is  distinguished 
by  gnmtor  induration  and  sf>ecial  painfulnens. 

L  If  such  a  spot  is  fountl  close  to  the  free  border  of  the  hd,  we  are  usually  dealing 
with  a  hordeohim.  In  the  very  inception  of  this  affection  nothing  besides  the  above- 
mentioneil  symptoms  arc  notiecable*  But,  in  the  days  immediately  following,  a  yellow- 
lah  point  f*f  di.s coloration  is  discovered  either  lH^twe<^n  the  cilia,  or,  if  we  am  deahng 

^B|h  a  Meiljomian  stye,  vipon  the  inner  surface  of  the  lid. 

^f  2.  If  the  indurateri  and  sensitive  spot  occupies  the  internal  angle  of  the  eye,  our 
first  thought  nmst  be  of  an  acute  dnrriiocysiüis.  This  diagnosis  is  confirmed  if,  tipon 
pressure  in  the  region  of  the  lachrymal  sac,  pits  is  evacuated  from  the  puncta,  or  if 
the  patient  says  that  epiphora  lias  for  a  long  time  preccdcfi  the  inflammation.  To 
be  sure,  a  furuncle  or  a  jMirio^litis  may  also  develop  in  the  region  of  the  lachrymal 
wc,  but  these  rasc>s,  in  comparison  with  the  fre^^uently  occurring  dacryocystitis,  are 
eJrtremely  rare. 

3.  In  a>dema  of  the  hds  due  to  a  furuude  or  a  mali(inai}i  piistuk  there  is  felt,  con- 
traiy  to  what  t^kes  place  in  erj^sipelas,  a  circutnscribed,  indurated,  and  painful  nodiile 
of  clinsiderable  extent  in  tiie  skin  of  the  lid  itself;  while,  if  the  infiltration  lies  deep 
in  the  tissues,  w*e  are  dealing  with  a  commencing  ab^res^  of  the  lid.  In  jwrtostiti»  of 
the  margin  of  tlie  orbit  the  latter  ctin  1m^  felt  through  the  cedematous  lid,  and  it  is  then 
found  to  be  not  sharp,  Ivut  thickeneil  and  enlarged,  and  tender  to  the  toueli. 
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4.  In  erysipelas  the  redness  and  swelling  of  the  lid  are  uniform.  The  akin  itself 
when  grasped  between  the  fingers  feels  thicker  and  harder;  while,  on  the  other  hand, 
circumscribed  infiltration  is  absent.  The  swelling,  as  a  rule,  occupies  both  hds  and 
also  extends  to  the  neighboring  part«;  and  when  we  have  had  the  case  under  observa- 
tion for  some  time,  we  can  see  that  the  swelling  migrates.  If  in  the  course  of  the  in- 
flammation an  induration  develops  which  can  be  felt  to  be  deeply  seated,  it  is  a  proof 
that  the  process  has  penetrated  into  the  deeper  tissues,  and  that  an  abscess  of  the 
lid  is  forming. 

Cases  of  erysipelas  sometimes  occur  which  are  very  slight  in  intensity  and  extent, 
and  present  correspondingly  insignificant  inflammatory  symptoms.  Then  only  the 
lids  themselves,  and  perhaps  the  dorsum  of  the  nose,  too,  are  swollen;  these  parts 
are  not  tense  but  of  doughy  consistence,  and  are  scarcely  reddened;  and  fever  and  pain 
are  absent.  The  swelling  disappears  within  a  few  days,  and  the  skin  then  peels  off, 
but  it  may  also  happen  that  the  doughy  swelling  lasts  for  weeks  or  even  months— 
a  condition  of  things  that  the  dermatologists  call  by  the  name  of  er3rBipelas  perstans. 
Such  light  cases  of  erysipelas  usually  recur,  and  thus  acquire  a  resemblance  to  the 
cases  of — 

5.  Recurrent  neurotic  csdema  of  the  lids.  In  tltis  a  very  marked  cedematous  swell- 
ing of  the  lids — a  sweUing,  however,  which  is  usually  free  from  redness — suddenly 
makes  its  appearance,  and  then  very  rapidly — often  within  a  few  hours— disappears 
again.  Frequently  there  are  associated  with  it  similar  oedematous  swellings  in  other 
parts  of  the  body — e.  g.,  on  the  lips,  the  trunk,  or  the  extremities,  more  rarely  in  the 
larynx  or  pharynx.  These  transient  attacks  of  oedema  are  referred  to  temporary 
disturbances  in  the  innervation  of  the  vessels  (angioneuroses),  and  are  allied  to  urti- 
caria.   They  occur  most  frequently  in  women,  and  especially  at  the  time  of  the  menses. 

6.  Acute  eczema  of  the  lids  is  often  associated  with  marked  oedema  of  the  latter, 
and  in  the  first  few  days  of  its  development  may  be  hard  to  distinguish  from  an 

'  erysipelas. 

Chronic  eczema  squamosum  often  also  causes  a  moderate  oedema  of  the  lids  in 
old  people  the  skin  of  whose  lids  is  lax,  and  it  is  then  readily  overlooked  because  the 
skin  affection  often  manifests  itself  only  by  an  insignificant  roughness  of  the  surface 
when  stroked  with  the  finger — the  roughness  being  due  to  the  slight  desquamation. 

7.  (Edema  of  the  lid  due  to  traumatism  is  almost  always  accompanied  by  extensive 
hemorrhagic  suffusion  of  the  lid,  and  from  this  fact  can  readily  be  recognized.  If 
oedema  of  the  lid  develops  in  consequence  of  the  sting  of  an  insect,  it  is  easy  to  make 
the  diagnosis  when  we  are  able  to  discover  the  site  of  the  sting. 

Non4nflammatory  osdema  is  met  with  as  one  of  the  symptoms  of  general  oedema, 
as,  for  example,  in  heart  disease,  in  hydrsemia,  and  in  nephritis.  Not  infrequently 
the  lids  are  the  very  first  part  of  the  body  in  which  these  varieties  of  oedema  show 
themselves,  and  thus  give  warning  of  the  causal  disease.  In  such  cases  the  oedema 
of  the  lids  sometimes  appears  under  the  guise  of  flying  oedema  (oedema  fugax) — i.  e.. 
it  comes  suddenly  and  disappears  again  witliin  a  few  days  or  even  a  few  hours,  only 
to  return  after  a  short  interval  of  time. 

A  variety  of  a>dema  holding  an  intermediate  position  between  the  inflammator}' 
and  the  non-inflammatory  kinds,  is  tliat  which  is  observed  in  connection  with  blepharo- 
spasm that  has  lasted  a  long  time  (especially  in  children  with  conjunctivitis  eczematosa). 
This  chiefly  affects  the  upper  lid,  and  is  mainly  referable  to  the  compression  of  the 
palpebral  veins  by  the  contracted  orbicularis  (see  page  618).  % 

(b)  Upon  Separating  the  Lids  Changes  are  found  in  the  Conjunctiva  or  Eyebaü. 

1.  Among  affections  of  the  conjunctiva  ^  those  associated  with  oedema  of  the  lids 
are  acute  blennorrhoea  and  diphtheria,  less  frequently  a  violent  catarrh,  or,  as  above 
stated,  a  conjunctivitis  eczematosa.  The  diagnosis  is  easily  nuule,  from  the  appear- 
ance of  the  conjunctiva  and  from  the  character  of  the  secretion. 

2.  Violent  inflammations  in  the  interior  of  the  eyeball  lead  to  oedema  of  the  lids; 
severe  irido-cyclitis  and  acute  glaucoma  doing  so  to  a  less  extent,  panophthalmitit 
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to  a  more  considerable  degree.  In  the  latter  disease,  as  in  acute  blennorrho^a,  clieinosis 
IB  also  present.  A  confusion  between  the  two  diseases  can^  however,  l>e  readily  avoided; 
mnee  in  panophthalmitis  the  pundeiit  secretion  in  the  conjunctiva  is  wantinjir^  while 
a  purulent  exudate  is  visilile  in  the  interior  of  the  eye  (in  the  anterior  chamber  or  io 
the  vitreous).  An  important  differential  sign  is  the  protrusion  of  the  eyebal!  and 
the  consequent  diminmion  in  its  mobiJily  in  panophthalniitis,  symptoms  which  are 
never  present  in  acute  blennorrhcea. 

3.  Tenonitis,  orbUnf  celiuHtis,  and  thromhosis  of  the  caverntma  sintut  share  with 
panophthalmitis  the  sjieptomR  of  cedema  of  the  lids,  Chemosis,  and  protrusion  arJ 
immobility  of  the  eyeball.  These  affections  might  hence  be  confounded  with  eacJi 
other  and  with  panophthalmitis.  From  the  latter,  however,  they  arc  at  once*diatio- 
guished  by  the  fact  that  in  all  three  the  eyeball  itself,  except  for  the  cedema  of  the 
conjunctiva,  looka  normal  in  its  anterior  pfjrtion,  while  in  pan  ophthalmitis  the  suppu- 
ration in  the  interior  of  the  eye  is  visible.  For  the  differential  diagnosis  lietween  the 
three  afTections  first  named,  see  ^  1H2, 

A  tutfior  developing  in  the  depth  of  the  orbit  may  also,  along  with  the  protruaion 
of  the  eyeball,  cause  oedema  of  the  lid  due  to  congestion.  In  this  case,  however,  in- 
flammatory  concomitants  are  either  slight  or  are  al:>sent  altogether. 


Mortification  of  the  Skiii  of  the  Lids. — This  occurs  under  two  forms^  dry  morti- 
fication (necrosis),  and  nwist  nKirtitication  associated  with  putrefaction  (gartgrefie). 
Mortification  develop«  from  (1)  intense  inflammation  of  the  skin  of  the  lid  it^lf,  Tliis 
16  most  frequently  the  case  in  erysipelas  and  also  in  anthrax;  and,  very  rarely  indeed, 
mortification  occurs  in  variola.  (2)  8t»vere  inflammation  of  the  structures  situated 
l^ene^lh  the  skin  of  the  lids,  such  as  the  subcutaneous  cellular  tissue  (in  phlegmons) 
and  even  the  conjunctiva  itself  (in  gonorrhoeal  conjunctivitis  and  diphtheria).  Oaaes 
of  the  latter  kind  are  extremely  rare,  hvtt  I  have  actually  seen  all  four  lids  become 
gangrpuous  in  a  chiitl  with  ophtlialmia  neonatorunu  The  child  not  only  escaped  with 
its  bfi%  1 1  lit  even  partly  regained  its  sight.  (3)  Occlusion  of  the  vessels  of  the  lid  by 
embolisra  (io  pyemia  and  sepsis)  or  thrombosis  (in  exhatisting  diseases).  (4)  Infection 
of  peculiar  character  (hmpital  gangrene,  noma).  (5)  Traunmt  ißms,  auch  ajs  crushing, 
burning,  corrosion,  and  freezing  (from  too  prolonged  application  of  iced  compreaaea). 


i 


Dystrophy  of  the  Skin  of  the  Lids.— In  old  age  the  skin  of  the  lids  loses  its 
elasticity  and  becomes  wrinkled  and  lax.  To  a  less  extent  this  loss  of  hrmneaa  also 
affects  the  facia  tarso-orbitalis  that  lies  beneath  the  skin.  In  that  case  this  fascia  and 
the  skin  with  it  are  pushed  forward  by  the  orbital  fal,  especially  in  fat  |>ersons.  Thiis 
develops  the  well-known  baggy  bulging  of  the  lower  eyelids,  which  is  commonly  re- 
gard^l  by  its  possessor  as  an  inflammatorj^  swelling  and  is  called  by  the  name  of  '^tear 
bags."  In  the  upper  lid  it  is  especially  the  skin  over  the  inner  angle  of  the  eye  that 
protrudes  in  this  hernia-like  fashion. 

A  relaxed  condition  of  the  skin,  which  occurs  in  young  jjerswins  as  well  a«  old  ie 
the  ptosis  adiposa  of  Sichel,  wliich  consist^s  in  the  fact  that  the  <*overing  fold  of  the 
upfjitr  iid  is  of  unusual  size,  .so  as  to  hang  down  over  the  free  border  of  the  lid  in  the 
region  of  the  palpebral  lissiire.  It  was  formerly  assumed  that  this  eidargement  waa 
caused  by  an  excessive  accunMdation  of  f^it  in  the  covering  hild,  for  wliich  reason  the 
Iiatrte  of  ptosis  adiposa  was  given  to  it.  Its  true  cause,  however,  is  tliat  the  hands  of 
fascia  connecting  the  skin  with  the  tendons  nf  (he  levator  and  with  the  upper  margin 
of  the  orbit  are  not  rigid  enotigh;  consequently  the  skin  is  not  profjerly  drawn  up 
w*hen  the  lid  is  raised,  but  hangs  down  in  the  form  of  a  Hubby  fxjucli  (Hotjs). 

A  condition  difTcnng  from  ptosis  adiposa  is  htephnrockatafn'^  (\o?nrffr^  relaxation)* 
In  this  the  skin  of  tlie  upftf^r  Üd  l>ecomes  ho  thin  tliat  it  lies  in  countless  little  wrinkle«, 
and  looks  like  rumpled  tis.sue  paper.  Moreover,  owing  to  the  dilatation  of  nurnerotts 
small  auperficial  veins,  it  acquires  a  red  appeamnce.  In  consequence  of  its  relaxation 
and  the  looseness  of  its  attadmient  it  liangs  down  like  a  poych;   while  the  border  of 
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the  lid  itself  is  scarcely  lower  than  usual.  This  change  occurs  in  cases  in  which  there 
have  been  frequent  antecedent  cedematous  swellings  of  the  lid  (e.  g.,  it  occurs  after 
recurrent  neurotic  oedema  of  the  lid,  see  page  62b),  as  a  result  of  which  the  skin  is 
stretched  and  loses  its  elasticity. 

Except  for  the  disfigurement  they  cause,  neither  ptosis  adiposa  nor  blepharo- 
chalasis  entails  any  disagreeable  symptoms.    They  can  be  removed  by  ablating  the 
excess  of  skin,  and  attaching  the  skin  to  the  upper  border  of  the  tarsus  by  Hotz's  oper- 
^4,  ^ation,  so  as  to  prevent  its  drooping  (see  section  on  Operations,  §  168). 
.       .         EUphaniiasis  affects  the  lids  under  the  form  of  a  monstrous  thickening,  especially 
I    /  pronounced  in  the  upper  lid  which  hangs  down  over  the  lower  and  upon  the  cheek, 
J       and  which,  on  account  of  its  weight,  can  not  be  raised,  and  thus  renders  vision  with 
^^^    the  eye  so  covered  impossible.    Elephantiasis  usually  develops  as  a  result  of  repeated 
.     inflammations  of  the  lids.    The  treatment  consists  in  excision  of  the  skin  to  a  sufficient 
*'*'^^  jextent  for  the  lid  to  regain  approximately  its  normal  dimensions, 
v*-'*  Under  the  name  of  chromidrosis*  is  denoted  that  rare  affection  in  which  the  sweat 

^  from  the  skin  of  the  lids  is  colored.  As  a  result  of  it  blue  spots  come  out  upon  the  lids, 
which  can  easily  be  wiped  away  with  a  cloth  that  has  been  dipped  in  oil,  although 
in  a  short  time  they  make  their  appearance  again.  This  disease  is  said  to  occur  espe- 
cially in  women.  A  large  number  of  the  known  cases  must  probably  be  referred  to 
simulation — ^i.  e.,  to  the  intentional  application  of  some  blue  coloring  matter  to  the  lids. 

IL  Inflammation  of  the  Border  of  the  Lids. 

108.  The  free  border  of  the  lid  is  simply  a  part  of  the  skin  of  the  lid, 
which,  however,  is  distinguished  by  many  anatomical  peculiarities,  such 
as  its  cilia  with  their  hair  follicles  and  glands,  its  particularly  abundant 
vascular  supply,  etc.,  so  that  its  diseases  bear  a  special  stamp.  Affections 
of  the  borders  of  the  lids  are  among  the  most  frequent  of  all  diseases. 

Hypercßmia  of  the  border  of  the  lid  manifests  itself  by  the  redden- 
ing of  it,  so  that  the  eyes  look  as  if  rimmed  with  red.  It  occurs  in  many 
people  in  consequence  of  insignificant  injurious  influences,  such  as  pro- 
longed weeping,  great  straining-  of  the  eyes,  staying  in  vitiated  air,  a 
wakeful  night,  etc.  This  is  especially  true  of  persons  with  a  delicate 
skin,  who  at  the  same  time  have  a  light  complexion  and  blonde  or  red- 
dish hair.  In  many  of  these  persons  the  hyperaemia  of  the  lids  is  present 
all  the  time,  and  sometimes  lasts  for  their  whole  life.  With  respect  to 
the  troubles  that  it  causes,  and  also  with  respect  to  its  treatment,  the 
same  statements  hold  good  that  will  be  made  in  speaking  of  blepharitis. 

Inflammation  of  the  border  of  the  lids  (blepharitis  ciliaris  or  ble- 
pharo-adenitis  ^)    appears   under   the   two    following    principal    forms: 

1.  Blepharitis  squamosa.  In  this  the  skin  between  the  cilia  and  in 
their  vicinity  is  covered  with  small,  white  or  gray  scales  like  the  dan- 
druff upon  the  scalp,  or,  as  some  have  said,  the  border  of  the  lids  looke 
as  through  strewn  with  bran.  If  the  scales  are  removed  by  washing,  the 
skin  beneath  them  is  found  to  be  hypersemic  but  not  ulcerated.  Upon 
removing  the  scales,  some  cilia  usually  fall  out — a  proof  that  they  are 
less  firmly  attached  than  usual;  but,  as  their  follicles  are  not  injured, 
they  grow  again  afterward. 

'  From  xpi»^a,  color,  lipmaif,  sweating. 

*  From  $\4^apov,  lid,  and  öBn^,  gland;   i.  e.,  inflammation  of  the  glands  of  the  lid. 
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A  eub-variety  of  blepharitis  squamosa,  which  is  of  less  frequent  oc- 
currence, ttppeurs  under  the  following  form:  The  border  of  tbe  lids  is 
covered  with  yellow  crusts,  which  iire  sometimes  rigid,  sometimes  flex- 
ible and  fat  13^  (like  wax  or  honey).  When  they  are  removed,  no  ulcers 
are  found  beneath  them,  but  simply  reddening  of  the  skin  of  the  lid.  The 
yellow  crusts  are  therefore  not  inspissated  pus,  but  simply  the  exces- 
sively abundant  .secretion  of  the  sebaceous  glands,  which  has  solidified 
in  the  air  into  yellow  ci-usts. 

2,  filephftritis  ulcei'osa.  In  this  form  also  the  border  of  the  lid  is 
covered  with  yellow  crusts;  but,  after  Wiishing  them  off,  we  find  not 
merely  a  hypera^mia  of  the  skin  but  ulcerative  processes  as  welL  Thus 
we  see  here  and  there  in  s|jots  small  yellow  elevations,  from  the  center 
of  which  rises  a  cibum.  These  are  bttle  abscesses,  which  have  originated 
from  suppuration  of  a  hair  follicle  and  of  the  sebaceous  gland  belonging 
to  it.  With  these  w^e  find  little  excavations — that  is,  ulcers  which  have 
been  formed  out  of  small  abscesses  that  have  o[x*ned.  Again,  in  other 
spots  WT  notice  smaH  scars,  the  remains  of  simibir  ulcers.  At  the  site 
of  the  scars  the  cilia  are  permanently  deficient,  because  their  hair  folli- 
cles have  been  destroyed  by  suppuration.  Since  new  hair  follicles  are 
constantly  being  transformed,  one  after  another,  into  abscesses,  the  row 
of  ciliap  when  the  process  has  kept  up  for  a  long  time,  becomes  more  and 
more  thinned  out;  the  cilia  that  are  still  present  are  arranged  in  separate 
groups,  which  for  the  most  part  are  glued  together  into  tufts  by  the 
dried  secretion.  Blepharitis  ulcerosa,  accordingly,  is  distinguished  from 
blepharitis  squamosa  by  its  deeper  situation  and  the  purulent  character 
of  the  inflammation.  It  is  hence  to  be  regarded  as  the  more  serious  of 
the  tw^o  forms,  the  one  in  which  l>oth  the  inflammatory  synjptoms  are 
more  pronounced,  and  j^ermanent  sequela*,  particularly  destruction  of 
the  cilia,  remain. 

The  annoyancv  sufTere<l  by  the  patient  is  slight  in  the  lightest  cases 
of  blepharitis,  so  that  many  patients  visit  the  physician  more  on  account 
of  the  disfigurement  due  to  the  reddened  border  of  the  lids  than  on  ac- 
count of  any  distress  they  experience.  But  in  most  Ciises  the  patients 
are  annoyed  by  the  increased  sensitiveness  of  the  eyes,  which  water 
readily,  especially  during  work  and  in  the  evening,  are  sensitive  to  light, 
heat,  and  dust ,  and  tire  quickly.   In  the  morning  the  litis  are  stuck  together. 

Blepharitis  is  distinguished  by  its  eminently  chronic  cmirse^  which 
often  extends  over  a  series  of  years.  In  young  patients  the  disease 
often  dii^appears  of  itself,  when  they  grow  upj  in  others  it  continues 
during  the  whole  life.  Proper  treatment  always  produces  considerable 
improvement,  or  even  effects  a  cure,  which  latter,  however,  is  in  most 
cases  not  lasting,  as  after  the  discontinuance  of  the  treatment  the  dis- 
ease usually  returns:  a  permanent  cure  is  obtained  in  only  a  few  cases. 

After  lasting  some  time  blepharitis  entails  a  series  of  sequdit,  which 
to  a  certain  extent  react  in  their  turn  upon  the  blepharitis  and  render 
it  worse.    These  are — 
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1.  Chronic  conjunctival  catarrh.  This  is  the  constant  concomitant 
of  blepharitis,  the  annoyance  produced  by  which  is  in  no  small  part  de- 
pendent upon  it. 

2.  Blepharitis  ulcerosa  leads  to  permanent  destruction  of  the  cilia. 
^  This  may  go  on  till  nearly  all  the  cilia  are  lost.    In  that  case  there  are 

found  upon  the  border  of  the  lid  a  few  scattered,  minute,  and  abortive 
hairs.  This  condition,  called  madarosis,^  produces  marked  disfigure- 
ment. As  soon  as  all  the  cilia  have  been  destroyed,  the  blepharitis 
ceases  of  itself,  since  there  are  no  longer  any  hair  follicles  to  undergo 
'^suppuration. 

3.  By  the  traction  produced  by  scars  which  remain  after  sup- 
puration of  the  hair  follicles,  neighboring  cilia  may  be  given  a  false 
direction,  so  as  to  turn  backward  toward  the  cornea  (trichiasis), 

4.  Hypertrophy  of  the  border  of  the  lid  may  develop  in  consequence 
of  its  being  constantly  congested  and  swollen  by  inflammation.  The 
lid  is  then  found  to  be  thicker  and  more  misshapen  at  its  free  border, 
and  drooping  in  consequence  of  its  weight  (tylosis^).  This  change 
affects  mainly«  the  upper  lid. 

5.  The  lower  lid  very  often  undergoes,  as  a  result  of  blepharitis,  a 
change  of  position  under  the  form  of  ectropion.  This  develops  in  the 
following  way:  Owing  to  the  formation  of  the  scars,  the  conjunctiva 
is  drawn  a  little  forward  over  the  border  of  the  lid.  The  border  of  the 
lid  then  looks  as  if  it  had  a  rim  of  red  conjunctiva  about  it,  and  the 
posterior  margin  of  the  lid,  which  before  was  sharp,  is  now  rounded 
off,  and  can  no  longer  be  distinctly  made  out.  In  consequence  of  this 
change  of  form,  the  borders  of  the  two  lids  no  longer  fit  exactly  to  each 
other  when  the  latter  are  shut  together.  Furthermore,  on  account  of 
the  absence  of  its  sharp  posterior  margin,  the  lid  is  no  longer  perfectly 
applied  to  the  eyeball,  and  a  shallow  groove  remains  between  the  eye- 
ball and  the  border  of  the  lid  (eversion  of  the  border  of  the  lid).  In  com- 
mon with  the  border  of  the  lids,  the  puncta  are  also  turned  forward 
so  as  no  longer  to  dip  into  the  lacus  lacrimalis  (eversion  of  the  puncta). 
Thus  the  conduction  of  tears  into  the  lachrymal  sac  is  interfered  with, 
so  that  epiphora  develops.  A  portion  of  the  tears  runs  down  over  the 
lower  border  of  the  lid  upon  the  skin  of  the  latter,  which  because  of  this 
continual  wetting  becomes  reddened,  excoriated,  and  even  eczema- 
tous;  consequently  it  loses  its  pliability  and  becomes  gradually  con- 
tracted. In  this  way  the  lower  lid  Is  drawn  farther  and  farther  away 
from  the  eyeball,  so  that  an  ectropion  of  the  entire  lid  is  gradually  de- 
veloped from  the  eversion  of  its  border.  At  the  same  time  the  lachry- 
mation  also  constantly  increases,  and  this  in  turn  reacts  injuriously 
upon  the  blepharitis,  the  border  of  the  lid  being  irritated  to  the  point 
of  inflammation  by  the  tears  that  are  constantly  flowing  over  it. 

Etiology. — The  causes  of  blepharitis  are  either  of  a  general  or  a 
local  nature. 

'  From  iLahav,  to  melt  away,  to  fall  off.       *  From  rvAot,  a  callous  spot. 
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The  general  causes  lie  partly  in  the  const  i  tut  ion  of  the  patient,  partly 
in  external  injurious  inÖuenecä.     In  the  tirst  category  are  to  be  oien- 
tioned  anaemia,  scrofula,  antl  tuberculosis,  whic^h  particularly  in  chil- 
ren  and  young  people  furnish  a  frequent  cause  of  blepharitis.     When 
ith  increasing  age  the  constitution  improves,  the  blepharitis  also  dis- 
appears*    In  many  families  blepharitiä  is  hereditary,  being  a  kind  of^ 
amily  disease.     Among  external  injurious  influences  are  to  be   consid- 
red  all  those  which  are  known  to  be  also  causes  of  chronic  conjunctival 
catarrh  (see  page  135).      Among;  these  belong  vitiated  air,  smoke,  dust, 
heat  (for  example  in  the  case  of  stokers),  staying  up  late  at  night,  etc^ 
Blepharitis  produced  by  general  causes  is  always  bilateral. 

Among  t  he  local  causes  of  blepharitis  the  most  frequent  are  chronic 
inflammations  of  the  conjunctiva  (chronic  catarrh,  conjunctivitis  ecze- 
niatosa»  and  trachoma)  and  epiphora.  The  latter  excites  inflammation 
f  the  border  of  the  lid  by  keeping  it  continually  wet.  The  epiphora 
ay  be  caused  either  by  increased  secretion  of  tears  or  by  interference 
with  their  discharge  into  the  nose.  The  former  is  tlie  case,  for  exam- 
ple» in  conjunctivitis  eczematosa,  which  is  characterized  by  profuse 
lachrymation.  Since  in  this  case  the  inflammation  of  the  conjunc- 
tiva and  the  scrofulous  diathesis  of  the  patient  act  both  at  the  same 
time  to  favor  the  development  of  blepharitis,  it  is  easy  to  understand 
why  conjunctivitis  eczematosa  should  so  exceedingly  often  be  found 
combined  with  blepharitis. 

I  Epiphora  may»  however,  also  be  produced  by  interference  with  the 
conduction  of  tears,  as  a  result,  for  instance,  of  an  affection  of  the  lach- 
rymal sac;  in  this  case  the  blepharitis  is  found  only  in  that  eye  in  which 
the  affection  of  tlie  lachrymal  sac  exists.  Hence  the  rule  is  in  unilat- 
eral blepharitis  to  examine  the  lachrymal  sac  at  once,  just  as,  on  the 
contrary,  in  bilateral  blepharitis  we  shall  first  have  to  look  for  a  general 
condition  as  the  cause  of  it.  Other  causes  of  interference  wdth  the  con- 
duction of  tears»  antl  hence  also  of  blepharitis,  are  imperfect  closure  of 
the  lids  due  to  ectropion,  to  paraiysis  of  the  facial  nerve,  to  congenital 
and  acquired  contraction  of  lids,  etc. 

I  The  tr€ai}fient  of  blepharitis  must  take  account  both  of  the  causal 
indication  and  also  of  the  local  changes.  Regard  to  the  causal  indica- 
tion requires  the  improvement  of  the  patient's  constitution  and  of  the 
hygienic  conditions  under  which  he  lives.  In  most  cases,  it  is  true,  the 
object  aimed  at  can  not  be  attained,  owing  to  external  circumstances. 
Local  causes  of  blepharitis,  such  as  lesions  of  the  conjunctiva  and  the 
lachrymal  sac,  lagophthalmus,  etc.,  are  to  be  removed  as  far  as  possible. 
In  tlie  treatment  of  the  diseased  border  of  the  lids  themselves  oint- 
ments play  the  chief  part.  Their  action  is  to  be  principally  attributed 
to  the  fat  they  contain.  This  softens  the  scales  and  crusts  and  thus  fa- 
cilitatefi  their  removal,  and  also  prevents  the  occlusion  of  the  orifices  of 
the  palpebral  glands;  it  renders  the  skin  more  pliable,  and  protects  it 
from  being  wet  by  the  overflowing  tears.     We  must,  therefore,  select 
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as  the  basis  of  the  ointment  a  soft  pliable  fat,  which  also  should  be  some- 
what hydrous  so  that  by  the  evaporation  of  its  water  the  ointment  may 
produce  a  refrigerant  action.  The  unguentum  emolliens  [cold  cream] 
and  lanolin  fulfill  these  requirements;  the  latter  should  be  mixed  with 
an  equal  amount  of  vaselin  to  make  it  more  pliable.  Of  medicaments 
added  to  the  ointments  the  mildest  are  boric  acid  (2  per  cent),  white 
precipitate  (1  or  2  per  cent),  and  ichthyol  (2  to  5  per  cent);  rather 
more  irritant  in  action  are  salicylic  acid,  resorcin,  and  yellow  precipi- 
tate (all  in  a  strength  of  from  1  to  2  per  cent).  The  way  to  apply 
the  lid  ointment  is  for  the  patient  to  rub  it  with  the  finger  on  the 
closed  interpalpebral  fissure  before  going  to  bed.  Before  he  does  this 
the  crusts  and  scales  that  stick  to  the  edge  of  the  lids  should  be  removed 
as  carefully  as  possible  by  washing  with  lukewarm  water  or  with  milk 
so  that  the  ointment  shall  come  in  contact  with  the  skin  itself.  This 
cleansing  is  to  be  done  again  in  the  morning  after  washing  off  the  rem- 
nants of  the  ointment.  The  physician  must  insist  very  particularly 
upon  this  point,  since  the  act  of  cleansing  the  lids  is  often  painful,  and 


[Fio.  287. — Cxuuif  Forceps.— D.] 

hence,  especially  in  children,  is  frequently  not  performed  with  sufficient 
care.  When  by  means  of  this  treatment  we  have  finally  succeeded  in 
bringing  the  border  of  the  lids  back  to  their  normal  state,  we  continue 
the  use  of  the  salve  for  some  time  longer,  as  otherwise  the  blepharitis 
will  very  soon  recur.  [A  serviceable  procedure  is  the  following.  Close 
the  eyes  gently.  Make  a  good  lather  with  any  good  soap  and  fill  the 
eyelashes  with  it  as  if  to  shave  them,  wash  the  eyelashes  with  a  damp 
cloth  held  between  thumb  and  finger,  and  stroke  them  out  so  as  to 
remove  all  lather,  scales,  and  loose  lashes.  When  the  lashes  are  clean, 
dry  them,  then  rub  a  very  little  of  the  ointment  (preferably  a  1-per- 
cent ointment  of  yellow  oxide  of  mercury)  gently  into  the  roots  of  the 
lashes  and  edges  of  the  lids.  Wipe  off  all  excess  of  ointment.  Do  this 
twice  a  day  (cf.  also  page  633). — D.] 

In  blepharitis  ulcerosa,  in  addition  to  the  employment  of  the  oint- 
ment, the  abscesses  wliich  form  must  be  opened  every  day,  and  the  cilia 
that  project  from  them  must  be  epilated.  For  this  purpose  we  make 
use  of  the  cilium  forceps — that  is,  of  a  forceps  with  broad  rounded  ends. 
The  healing  of  the  ulcers  can  be  accelerated  by  touching  them  lightly 
with  a  pointed  stick  of  nitrate  of  silver. 

Since  the  border  of  the  lids  is  simply  a  modified  portion  of  the  external  skin,  it 
would  be  proper  to  consider  the  affections  of  it  from  the  dermatological  standpoint — 
that  is,  to  compare  them  with  analogous  affections  of  the  skin.    From  this  point  of 
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ew  blepharitis  squamosa  might  he  regard«!  aw  sol>Dn'hfra.    That  form  which  is  aaao- 
atetl  with  furfunitt^ms  sijale«  would  corresjxind  to  siikirrhcpa  stiuaniüsa  or  »eborrhoea 
'fticca  of  the  skin,  whiclr  we  niijät  frequer^tly  ol>tfer\'e,  under  the  guise  of  increaaed  fomm- 
tion  of  scales,  upt*ii  the  stall*.     ^^^^  f*'""  **f  blepharitis  si|Uiiuu>sii  whith  is  character- 
ised by  yellow,  fatty  erliste,  is  probably  ideufical  with  the  sekirrhaa  oleosa,  which  is 
likewise  found  ufxm  the  «ualp,  purticulady  in  children,  uikI  in  this  situation  is  known 
:ider  ihe  names  of  scurf  or  seall.    Jn  l>lepharitiä  ulcerosa  it  is  a  case  of  eczema,  which, 
Ekti  account  of  the  hairy  character  of  the  Ixjrder  of  the  lid,  is  iissociatefJ  with  s^uppuration 
"of  the  liair  folhcJe«,  such  as  is  also  tfve  vAuae  m  other  hairy  j)ortions  of  the  skin.     For 
the  inflammation  creejis  from  the  epidermis  into  the  liair  folticle,  and  the  stapljyloccKTi 
rhich  enter  the  gland  from  its  ori5ce,  are  what  cause  the  suppuration.     If  the  hair 
Itcle  alone  suppurates,  the  siuall  pustules,  such  as  are  ordinarily  found,  develop  on 
he  margin  of  the  lid.     But  if  the  inflammation  make^  its  way  from  the  interior  of  the 
air  follicle  to  the  surrounding  connective  tissue,  so  that  the  latter  also  suppurates,  a 
Bomewhal  larger  circumfollicular  abscess  is  formed.      This  corresfKjnds  tt)  the  acne 
pustule  of  the  skin  and  when  occurring  on  the  lid  border  is  called  a  hordoolum.     A 
genuine  sycosis  of  ihe  lirl  border  (tnchophj-tiö)  also  occurs,  although  very  rarely  (Hexxog). 
For  sf>orotrichosis,  see  page  HWi. 
^L         For  the  correct  düi^frwsiH  of  blepharitis  the  cnusts  co%'pring  the  border  of  the  lid 
^^BUSt  be  removtKl,  in  order  to  determine  the  state  of  the  skin  beneath  them.     If  the 
^Blcin  beaeath  the  crusts  is  normal,  wc  are  not  dealing  with  blepharitis  at  all,  but  with 
^^  dtseane  of  the  conjunctiva,  the  dried  secretion  from  which  forms  the  yellow  crusts. 
In  blepharitis  the  skin  is  at  leiL-^t  found  to  be  redtlene<l  (in  blepharitis  squiimosa),  or 
it  Ü?  covered  with  ulcers  (in  blepharitis  ulcerosa).    In  the  vicinity  of  the  ulcers  the  skin 
of  the  palpebral  border  not  infrequently  is  thickened  by  hypertrophy  of  the  papillie, 
so  that  warty  excreseencea  are  formed,  which  are  painful  and  bleed  readily,  and  which 
^biust  be  removed. 

^B       fThc  removal  of  crusts  frorti  the  lids  and  from  the  cilia  is  import tmt  not  only  for 
^Biagnosis  but  for  treatment.     Crust^i  and  scales  may  be  loosened  and  teased  oflf  by 
^^trokingthe  cilia  with  a  cotton  swab  wet  with  hydrogc^n  peroxide. — D.] 
I  In  the  irmiment  of  blepharitis  the  mistake  is  very  frequently  committed  of  pre^ 

flcribing  highly  irritant  ointmentj^,  by  which  the  inflammation  is  simply  aggravated. 
If  we  select  as  the  basis  of  the  ointment  the  ungucntum  emol liens,  we  must  take  care 
that  the  ointment  is  pn^pared  fri^ah  from  time  to  time,  as  otherwise  the  fat  would  become 
rancid  and  cause  irritation.  In  severe  cases  of  blepharitis  ulcerosa  it  is  a^lvisable  to 
smear  the  ointment  thickly  upon  a  plerlget  of  linen  and  apply  it  over  night  to  the  eyes 
by  means  of  a  bandfigc  In  this  way  the  ointment  acts  in  a  much  more  penetrating  way 
tfian  if  it  were  merely  smeare«!  upon  the  bonlen=  of  the  lids.  This  procedure  is  particu- 
larly indicatwt  when  the  blepharitis  is  canned  by  congenital  shortness  of  the  lids,  l>ecause 
her«?   the  clostire  of  the  palf^ehral  fissure  during  sleep  is  at   the  same  time  insun^d 

tpage  650). 
In  oh«tinate  lilephantjs  squamosa  the  emploirnnent  of  t^r  ointmentj*  has  be«n 
mmendeti  For  this  purpose  the  oleum  fagi  (or  oleum  rusci')^  mixed  with  wpial 
I  of  olive  oil,  is  pre^crilxsJ,  and  this  mixture  is  applied  upon  the  borders  of  the 
shut  lids  at  night  by  means  of  a  brush;  or  pix  liquida  «ml  spiritus  \nni,  equal  parts, 
are  brushed  over  the  Iwrders  t^f  the  litis,  njion  which  the  solutitm  rapidly  dries  owing 
to  tho  evaporation  of  the  alcohol.  In  either  case,  the  entrance  of  the  fluid  into  the 
conjunctiva!  sac  must  Iw  carefully  avoided,  as  it  would  grexitly  irritate  it.  Many  people 
can  not  stand  the  tar  ointments  at  all,  on  account  of  the  grea^t  irritation  they  produce, 
A  less  irritating  form  of  treatment  is  the  us*^  of  a  1-  to  2-pcr-cent  ointment  of 
resorcin  or  salicylic  acid,  which  I,  therefore,  prefer  to  the  tar  ointments. 

A  thing  that  works  well  is  to  have  the  edges  of  tlie  lids  carefully  washed  with  soap 
every  morning,  taking  for  this  purpose  either  tar  .*ioap  or,  as  being  less  irritant,  one  of 
the  liquid  neutral  soajjs  which  are  marketed  under  the  name  of  ophthalmic  soape. 
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esLi  the  border  of  the  hds  with  a  discharge  of  pua.  After  the  e vacua- 
ion  of  the  pun  the  infiaoimatory  symptoms  rapidly  abate,  the  small 
bscess  cavity  soon  cloiies,  aud  the  entire  proress  comes  to  an  end*  In 
spite  of  the  fact  that  the  duration  of  the  disease  is  but  a  few  days,  the 
affection  itself  is  still  very  burdensome  to  the  patient  on  account  of  the 
pain,  which  is  often  considerable,  in  the  tense  and  greatly  swollen  tide* 
In  addition  to  this  many  j>eri5ons  have  a  number  of  repeated  attacks. 

Hordeolum  internum  is  iimcli  rarer  than  hordeolum  externum«  It 
•cooisists  in  a  suppuration  of  one  of  the  Mcilxunian  glands,  and  is  lience 
äIso  called  hordeolum  meibomianum.  The  couröe  of  the  disease  is,  on 
the  whole,  the  same  as  that  of  the  hordeolum  externum;  but  as  the 
Meibomian  glands  are  larger  than  those  of  Zeiss,  and  are  enveloped  in 
the  firm  connective  tissue  of  the  tarsus,  the  inflammatory  symptoms 
are  more  violent,  and  it  takes  a  longer  time  for  the  pus  to  be  evacuated. 
The  pus  at  first,  as  long  as  it  is  shut  in  in  the  affected  glands»  appears 
upon  eversion  of  the  lid  as  a  yellowish  spot  shining  through  the  con- 
junctiva. Afterward  it  breaks  through  the  conjunctiva  or  is  discharged 
through  the  orifice  of  the  gland.  Perforation  through  the  skin  occurs 
only  as  an  exception,  in  contradistinction  to  hordeolum  externum,  in 
which  this  is  the  rule. 

1  Hordeolum  externum  and  internum  are  essentially  the  same  process 
— i,  e.,  the}^  are  both  an  acute  suppuration  of  a  sebaceous  gland,  for  the 
Meifxiraian  glands  are  nothing  but  modified  sebaceous  glands.  A  hor- 
deolum is  analogous  to  acnt^  of  the  external  skin.  The  violent  inflamma- 
tory 5>Tnptomg,  antl  ]>articu!arly  t!ic  marked  anlema,  which  distinguish  a 
hordeolum  from  ordinary  acne  pustules  of  the  skin,  are  caused  by  the 
peculiar  anatomical  structure  of  the  lids,  which  especially  predisposes 
the  latter  to  inflammatory  sw^elling. 

Hordeolum  is  found  principally  in  yoimg  people,  particularly  if  they 
are  of  ansemic  or  scrofulous  constitution  and  at  the  same  time  suffer  from 
blepharitis.  The  latter,  by  causing  accumulation  of  scales  and  crusts 
on  the  border  of  the  lids,  favors  multiplication  of  the  hacteria  (staphylo- 
cocci) that  are  alw^ays  present  there,  which  can  thence  readily  penetrate 
into  the  orifices  of  the  glands.  [Styes  tend  to  recur.  Repeated  crops  of 
styes  often  indicate  systemic  disttirbance,  especially  one  due  to  digestive 
or  mexLstrual  disorders.— D.] 

The  treatment  of  hordeolum  in  the  beginning  of  the  disease  consists 
in  the  use  of  moist  warm  compresses^  which  are  applied  to  the  lids  in 
order  to  convert  the  hard  infiltrate  more  rapidly  into  pus.  When  the 
yellow^  color  of  the  pus  is  visible  beneath  the  skin  or  the  conjunctiva, 
the  aliscess  may  be  opened  by  a  small  incision,  and  thus  the  duration  of 
the  inflammation  may  be  shortened  by  several  days.  The  prime  means 
for  avoiding  a  recurrence  of  the  hordeolum  is  the  treatment  of  any 
blepharitis  that  may  V)e  present,  [Yellow  oxide  ointment  is,  hence,  a  use- 
ful application  for  this  purpose.  Sometimes  calx  sulphurata  given  every 
three  hours  in  doses  of  J  gr.  seems  to  abort  a  forming  hordeolum.^ D.] 
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2.  Chalazion.^ 

Chalazion  is  a  chronic  affection  of  the  Meibomian  glands.  It  forms 
a  hard  swelling  which  develops  very  gradually  in  the  lid.  In  many 
cases  this  occurs  without  any  inflammatory  symptoms  whatever,  so  that 
the  swelling  is  not  noticed  by  the  patient  until  it  has  become  quite 
large.  In  other  cases,  however,  there  are  moderate  inflammatory  con- 
comitants, which,  nevertheless,  are  insignificant  in  comparison  with 
those  which  accompany  a  hordeolum.  The  tumor  keeps  constantly 
enlarging  for  months  until  it  becomes  as  big  as  a  pea  or  bigger;  it  then 
bulges  the  skin  far  enough  forward  to  produce  a  perceptible  distortion 
of  the  lid.  Upon  palpating  the  tumor  we  can  make  out  that  it  is  pretty 
resistant,  and  that  it  is  intimately  connected  with  the  tarsus,  while 
the  skin  lying  over  it  can  be  displaced  from  side  to  side.  Upon  evert- 
ing the  lid  we  find  the  conjunctiva  over  the  tumor  reddened,  thick- 
ened, and  somewhat  protruding.  Later  on,  the  tumor  assumes  a  grayish 
look  as  seen  through  the  conjunctiva,  and  ultimately  the  latter  is 
perforated;  then  a  viscid,  rather  turbid  fluid  flows  out,  which  repre- 
sents the  central  softened  portions  of  the  tumor.  But  the  main  por- 
tion of  the  latter,  consisting  of  spongy  granulations,  remains  behind, 
for  which  reason  the  tumor  after  it  has  been  opened  does  not  at  once 
disappear  completely.  On  the  contrary,  it  diminishes  very  gradually 
in  size,  and  meanwhile  it  is  not  uncommon  for  the  granulation  masses 
to  project  like  a  fungoid  growth'  through  the  perforation  in  the  con- 
junctiva. It  requires  months  more  for  the  tumor  to  disappear  com- 
pletely. 

Chalazion  shares  with  the  hordeolum  internum  its  situation  in  the 
Meibomian  glands,  but  is  distinguished  by  the  character  of  the  process. 
Hordeolum  is  an  acute  inflammation,  which  goes  on  to  suppuration 
and  is  over  in  a  few  days.  Chalazion  is  a  chronic  disease,  which  does 
not  lead  to  suppuration  but  to  the  formation  of  granulation  tissue,  and 
lasts  for  months  or  even  years. 

Chalazion  affects  adults  more  frequently  than  children.  Not  in- 
frequently several  chalazia  are  found  at  once  in  the  same  patient.  A 
chalazion  annoys  the  person  who  has  it  by  the  disfigurement  it  pro- 
duces, and  also  by  the  condition  of  irritation  which  it  keeps  up  in  the 
eye.  This  condition  of  irritation  is  partly  the  result  of  the  chronic  in- 
flammation of  the  lids,  partly  the  result  of  the  mechanical  injury  done 
to  the  eyeball  by  the  uneven  and  bulging  conjunctiva  covering  the 
inner  surface  of  the  tumor. 

Treatment. — Quite  small  chalazia  are  best  left  alone.  Larger  cha- 
lazia are  removed  by  an  operation,  in  order  to  do  away  with  the  disfig- 
urement and  also  with  the  irritation  of  the  eye.  The  lid  is  everted, 
and  the  conjunctiva  and  the  wall  of  the  chalazion  lying  beneath  it  are 
divided  by  an  incision  w^ith  a  sharp-pointed  scalpel.     After  the  fluid 

*  From  x^^'^t  hail. 
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[portion  of  the  contents  has  escaped,  ihe  granuUttioii  masses  which  still 
[remain  are  removed  by  scraping  (with  a  small,  sharp  Bpoon,  or  with  a 
Daviers  scoop,  or  even  with  a  grooved  sound).  Even  then  the  tumor 
[does  not  disapi>ear  completely,  Ijecause  its  resistant  capsule  remains, 
[although  this  shrinks  up  after  a  short  time.  If  the  contents  of  the 
I  chalazion  are  not  completely  removed,  it  is  apt  to  form  again,  so  that 
the  operation  has  to  be  repeated.  [Extirpation  (see  page  639)  obviates 
this  disadvantage,  und  is  hence  preferred  to  incision  by  many  including 
the  translator.  In  operating  for  chalazion  it  is  usually  advantageous  to 
apply  a  Ud  clamp  (see  Fig,  422,  b  and  c)  or  the  smaller  chalazion  clamp 
(P'ig.  288)  to  stop  the  bleeding  which  is  generally  free  enough  to  inler- 

Jfere  with  the  proper  performance  of  the  operation. — D.] 
\  3.  Infards  in  the  Meihomian  Glands. 

In  elderly  people  w^e  frequently  see,  upon  evertinj];  the  lids,  small 
,       bright-yellow  spots  beneath  the  conjunctiva.     These  are  the  inspissated 
contents  of  the  Meibomian  glands,  which  accumulate  in  their  excretory 


^ 
^ 
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ducts  or  their  acini  and  distend  them.  These  infarcts  usually  cause  no 
disturbanee.  But  sometimes  they  are  transformed  by  t!ie  de|X)sition  of 
lime  salts  into  hard,  stony  masses  (hthiasis^'-  conjunct! v;e).  These  bulge 
the  conjunctiva  forward  and  even  perforate  it  with  their  sharp  edges, 
which  then  cause  mechanical  injury  to  the  eye.  In  this  case  they  must  be 
removed  from  their  bed,  after  an  incision  has  been  made  in  the  conjunctiva, 
and  thus  be  got  rid  of. 

The  injnrris  of  the  Mt*iJ)omian  glands  should  not  l>e  i-onfounded  with  ttip  nnit-li  more 
frequently  ortiirring  coficretions  that  de>velop  within  new-formed  glands  in  the  con* 
junetiva  of  the  tÄrsiis.  Thes^  also  appear  under  the  guise  of  yellow  spots,  hut  are  more 
superficial  (m«  page  127). 

Tlie  older  physicians  eonaidered  a  chalazion  as  a  hordeolum  which  had  become 
hardened — i.  e.,  had  not  gr^ne  on  to  suppuration— a  view  w!iich  \b  still  at  present  widely 
diffused  among  the  laily.  Others  supposed  tlmt  the  clmbxion  was  a  simple  retf*iition 
cyst  of  the  Meilximian  glands,  and  analogous  to  t  he  at  horoinata  of  the  sebaceous  glands. 
Such  retention  cynts  do  occur,  but  they  are  rare^  and  are  essentially  different  from_ 
chalazia.  In  a  chalazion  there  is  a  peculiar  chronic  inflammation,  which  produces  not 
pus  but  granulation  tissue,  and  wliich  is  probahly  caused  by  a  micro-organism  differing 
from  the  ordinary  pus  cocci.  Microscopic  examination  of  a  chalazion  shows  tliat 
first  the  epithelium  of  the  acinus  proliferates  and  an  inllammaiory  infiltration  is  pro- 
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duced  in  the  surrounding  tissue  of  the  tarsus.  The  latter  process  soon  predominates, 
so  that  both  gland  acini  and  tarsus  tissue  ultimately  are  lost  in  the  overgrowth  of 
small  cells  (Fig.  289).    This  cell  growth  forms  a  soft  tissue  of  the  nature  of  granulation 

tissue,  and,  like  it,  containing  giant  ceUs.  In  the 
granulation  t\imor  are  found  amorphous  flakes  rep- 
resenting remains  of  the  inspissat^  contents  of  the 
acini  ;*and  it  is  inclosed  without  by  a  capsule  of  con- 
nective tissue.  The  way  in  which  the  latter  develops 
is  that  the  tissue  surrounding  the  growing  tumor  is 
continually  compressed  and  condensed  by  it.  Final- 
ly, the  central  portions  of  the  granulation  tumor, 
being  very  poor  in  vessels,  break  down  by  a  sort  of 
mucilaginous  softening,  so  that  a  cavity  filled  with  a 
turbid  liquid  forms  in  the  center  of  the  growth. 

Homer  has  called  attention  to  the  analogy  be- 
tween chalazion  and  acne  rosacea  of  the  skin.  In  the 
latter  sebaceous  glands  play  the  same  part  that  the 
Meibomian  glands  do  in  chalazion. 

In  old  chalazia,  where  perforation  has  not  oc- 
curred, the  entire  contents  sometimes  are  liquefied. 
The  chalazia  are  then  transformed  into  a  sort  of  c>*8t 
with  thick  envelope  and  turbid,  mucilaginous  con- 
tents. Chalazia  which  develop  on  the  excretory'  duct 
of  a  Meibomian  gland  assume  a  special  appearance. 
They  are  situated  near  the  free  border  of  the  lid,  from 
which  they  project  like  a  nipple,  while  on  their  pos- 
terior side  they  are  flattened  out  by  the  counter- 
pressure  of  the  eyeball.  If  they  injure  the  eye 
mechanically,  they  are  to  be  removed  by  ablation. 

Sometimes  a  chalazion  perforates  the  tarsus  not 
behind  but  in  front.  Then  the  granulation  tissue 
grows  out  into  the  subcutaneous  cellular  tissue  and 
forms  a  soft  fiat  tumor  situated  near  the  lid  border 
and  extending  alongside  of  it.  To  this  tumor  (chal- 
azion externum)  the  skin,  which  shows  a  reddisli  or 
bluish  discoloration,  is  adherent.  The  tumor  re- 
mains unchanged  for  months.  To  remove  it  ^^-e  must 
incise  the  skin  and  curette  out  the  soft  tissue  beneath. 
It  not  infrequently  happens  that  i>er8ons  who 
have  never  suffered  from  chalazia  begin  all  of  a 
sudden  to  have  one  after  another.  New  chalazia 
keep  developing  at  intervals  of  one  or  more  weeks, 
manifesting  their  presence  each  time  by  renewal  of 
the  slight  inflammatory  symptoms.  Finally,  one 
or  more  chalazia  are  found  in  each  of  the  four  lids. 
In  particularly  bad  cases  actual  degeneration  of  the 
lids,  especially  the  upper,  takes  place.  The  lids  are 
thickened,  so  that  they  can  hardly  be  everted.  In 
one  case  which  I  observed  the  lid  had  become  a  cen- 
timetre thick.  The  skin  of  the  lids  forms  nodular 
projections,  but  can  be  displaced  on  its  bed  and  is  not  essentially  altered.  The  con- 
junctival surface  of  the  lids,  on  the  contrary,  appears  uneven,  nodular,  and  reddened, 
velvety  in  some  sjwts,  in  others  gray  and  translucent  or  perforated  by  sprouting  granu- 
lations. In  extreme  cases  of  this  sort  we  might  at  first  be  disposed  to  suspect  tarsitis  or 
a  neoplasm.  In  opcrat  ing  upon  such  cases  we  see  that  the  entire  tarsus  has  disappeared 
in  a  spongy  and  partially  softened  granulation  tissue. 


Pia.  289. — Cralazio.n.  Vbrtical  Sbo- 

TIO.N  TUROUaU  THE  UPFER  LlD. 

Magnified  4X1. 

The  chalazion  has  developed  in 
about  the  middle  of  the  hiKbest  point 
of  the  tarsus,  and,  as  it  projects  farther 
forward  than  backwartf,  it  produces  a 
orookinK  forward  of  the  lid.  The  swell- 
ing consists  of  granulation  tissue  with 
giant  cells,  one  of  which  is  so  large  as 
to  be  actually  rccoRoizable  with  the 
naked  eye  in  the  section.  It  lies  near 
the  anterior  wall  of  the  larger  one  of 
the  two  cavities  that  have  been  pro- 
duced by  mucilaginous  softening  of  the 
granulation  tissue.  The  growth  is  sur- 
rounded by  a  thin  cupsuTe.  Upon  its 
anterior  aspect  it  is  covered  ny  the 
skin  of  the  lids,  which  is  thinned,  as 
can  bo  seen  from  the  way  in  which  the 
cross  sections  of  the  muscular  bundles 
of  the  orbicularis  are  narrowed.  The 
conjunctiva  over  the  »welling,  owing 
to  papillary  proHferation,  is  thicker 
end  uneven.  Above  and  below  the 
swelling  are  unchanged  acini  of  Meibo- 
mian glandd. 
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If  we  desire  to  make  the  operation  of  ciiroUing  ii  i-lmlaxion  alj^ohitely  painlcfls» 
is  not  flufticient  to  drop  cocaine  into  the  conjunct ival  sae,  but  vvc  muAt  aJ^o  inject 
little  cocaine  into  the  very  sutistance  of  the  chalazion. 

Inst-ead  of  merely  opening  the  clialazia,  wc  tnay  extirpate  them  by  dividing  the 
in  over  them  aod  then  cutting  them  out  of  the  tarsu«,    A  fenestra  is  thus  made  in  the 
us  and  in  the  conjunctiva  as  well,     Such  an  extirpation  of  the  chalazia  is  pretty 
Jious,  for  which  rcjison  we  in  moBt  case^*  prefer  rhe  iiimple  incision  combined  with 
retting,  and  arc  perfectly  suceesöful  with  it  ton,      Exrirpation  is  indicated  only  when 
wp  are  dealing  with  large  chalazia,  which  project  far  forward  and  have  a  particularly 
thick  capsule. 


■»di< 
^liire 


r  AJTECnoNS  op  the  Tarsus. — ^The  tareus  is  implicated  not  only  in  the  diseases 
of  the  Meibomian  glands,  but  also  in  those  of  the  conjunctiva.  This  is  particularly 
true  of  trachoma  and  of  amyloid  degeneration  of  the  conjuncliva.  In  the  former  we 
can  often  feel,  when  we  evert  the  upper  lid,  that  the  tarsus  lias  become  thicker  and 
more  unsliai>ely.  This  depends  upon  its  inflammatory  infiltration,  which  subsequently 
leads  to  atrophy  and  distortion  through  cicatricial  contraction,  ami  which  must  there- 
fore  be  looked  upon  as  the  chief  muse  of  trichiasis.  In  tarsal  cartilsiges  that,  have 
undergone  this  change,  the  Meibomian  glands  are  also  in  great  part  found  to  lie  de- 
stroyed (see  page  168).  In  amyloid  degeneration  of  th(^  conjunctiva  the  tarsus  itedf 
falls  a  victim  to  the  same  degeneration,  bo  that  it  is  transformed  into  a  large,  nn- 
sliapely,  friable  structure  (see  page  181). 

There  is  a  primary  affectionof  the  tarsus  (tarsiti'i  syphilitica)  which  o<^cur8  a^ 
a  consec|uenoe  of  syphilis.  1  his  devekips  very  gradually,  and  as  a  rule  without  any 
notable  pain.  When  it  has  nMiched  its  acme  we  find  one  or  both  lids  of  the  same  eye 
lly  enlarged  and  the  .skin  of  the  litl  t^nse  and  reddened.     I'pon  palpation  we  can 

nvince  ourselves  tliat  the  t^ause  of  the  eidargt^ment  lies  in  the  tarsus,  which  can  be 
\i  through  the  skin  as  a  thick  structure  of  cartilaginoiL«i  hardness  and  ungainly  form. 

e  sw^elling  of  the  tarsus  is  usually  so  great  that  the  lid  can  no  longer  be  everted. 

e  etdarged  tarsus  consists,  as  is  evident  when  it  is  cut  into,  of  a  lardaceous,  blcxjdless 
me.    The  cilia  ujkju  the  afT*^cted  lid  fall  out,  and  The  lymphatic  gland  in  front  of  the 

T  upon  the  same  side  swells  up.  After  the  swelling  has  l>een  for  weeks  maintained 
at  the  same  height,  it  disappeai-s  very  .slowly  again  until  the  tarsus  has  reached  it« 
former  volume,  or  lias  even,  in  conse(|Uence  of  atrophy,  fidlen  somewhat  l>elow  it- 
It  takes  several  montlis  for  the  disease  to  run  all  throt^gh  its  course.  TarsitiK  makes 
Ita  appearance  in  the  third  stage  of  syphilis,  and  is  accordingly  to  Ije  looked  upon  as 
a  gummatous  in  hi  trat  ion  of  the  tarsus. 


IV.  Anomaues  of  Position  and  Coxnectiox  of  the  Lids. 


L  Trichiasis  and  Distichiasis. 


^V  110.  Tnckiasit^^  consists  in  a  distortion  of  the  cilia,  which,  in- 
stead of  looking  forwardt  are  directed  more  or  less  backward  s<>  as  to 
come  into  contact  with  the  cornea.  This  anomaly  of  position  either 
affects  all  the  cilia  or  only  those  which  jut  out  furthest  back;  it  may 
also  extend  over  the  whole  length  of  the  border  of  the  lid,  or  he  pres- 
I  ent  over  a  part  of  it  only  {total  and  partial  trichiasis).  The  inverted 
I  cilia  are  seldom  normah  being  for  the  most  part  stunted*  and  consist- 
ing of  short  stumps  or  of  minute,  pale,  and  scarcely  visible  hairs. 

Trichiasis  causes  a  continual  irritation  of  the  eveball,  due  to  the 
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action  of  the  cilia;  there  are  photophobia,  lachrymation,  and  the  feel- 
ing as  if  a  foreign  body  was  in  the  eye.  The  cornea  itself  suffers  more 
considerable  injury.  Superficial  opacities  are  produced  in  it,  since  the 
epithelium,  in  consequence  of  the  constant  irritation,  undergoes  a  sort 
of  callous  thickening,  and  thus  in  a  way  protects  the  cornea  against 
the  effect  of  the  external  injury.  In  other  cases  deposits  like  pannus 
or  ulcers  of  the  cornea  are  formed.  It  not  infrequently  happens  that 
persons  are  tormented  by  frequent  recurrences  of  corneal  ulcers,  until 
at  length  the  physician  discovers  one  minute  cilium  which  is  directed 
against  the  cornea,  and  which  has  been  the  cause  of  the  formation 
of  the  ulcers. 

The  most  frequent  cause  of  trichiasis  is  trachoma  (page  155).  The 
conjunctiva,  which  in  the  regressive  stage  of  trachoma  undergoes  cica- 
tricial shrinking  and  contracts,  tends  to  draw  the  skin  of  the  lid  back- 
ward over  the  free  border  of  the  latter,  and  thus  puts  the  cilia  more 
and  more  in  a  false  direction.  At  first  the  most  posterior  cilia,  after- 
ward the  anterior  rows,  too,  are  turned  backward.  The  distortion  of 
the  tarsus  acts  to  produce  the  same  effect.  Owing  to  this  distortion, 
that  portion  of  the  tarsus  which  adjoins  the  free  border  of  the  lid  bends 
off  at  an  angle  from  the  rest  of  the  cartilage  and  is  turned  backward 
(<j,  Fig.  46  B),  and  in  so  doing  it  draws  with  it  the  covering  of  the  free 
border  of  the  lid  which  is  firmly  attached  to  it. 

Partial  trichiasis,  in  which  only  some  of  the  cilia  are  turned  back- 
ward, develops  in  consequence  of  scars  which  have  been  left  upon  the 
free  border  of  the  lid  or  in  the  conjunctiva  by  blepharitis,  hordeolum, 
diphtheria,  burns,  operations,  etc. 

Under  the  name  of  distichiasis  ^^  is  designated  the  condition  in 
which,  the  lids  being  otherwise  normally  formed,  there  are  two  rows  of 
cilia,  one  of  which  looks  forward,  and  the  other,  which  is  usually  less 
perfectly  developed,  is  situated  directly  at  the  posterior  edge  of  the  lid 
and  is  directed  backward.  This  condition  occurs  as  a  rare  congenital 
anomaly,  and  is  sometimes  present  in  all  four  lids. 

Treatment. — When  only  a  few  of  the  cilia  have  an  improper  posi- 
tion they  can  be  removed  by  epilation.  Inasmuch  as  they  grow  again, 
epilation  must  be  repeated  at  intervals  of  a  few  weeks — a  thing  which 
can  very  often  be  attended  to  by  the  patient  himself  or  his  relatives. 
It  is  still  better  to  employ  a  method  in  which,  with  the  performance  of 
epilation,  the  follicle  of  the  cilium  is  at  the  same  time  destroyed,  so 
that  the  cilium  does  not  grow  again.  The  best  procedure  for  this  purpose 
is  electrolysis.  The  two  poles  of  a  constant-current  battery  are  so  ar- 1 
ranged  that  the  positive  pole  is  formed  by  a  plate  electrode,  the  nega- 
tive pole  by  a  slender  needle.  The  former  is  applied  to  the  temple,  and 
the  latter  is  introduced  into  the  hair  follicle  of  the  cilium,  and  then 
the  circuit  is  closed.  At  once  a  light  foam  is  seen  to  exude  from  the  root 
of  the  cilium.     This  is  formed  by  the  bubbles  of  hydrogen  gas  which 
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are  developed  at  the  negative  pole  and  give  evidence  of  the  chemical 
decomposition  of  the  tissue  fiuids  pradui^d  by  the  electric  current. 
By  virtue  of  this  decomposition  an  adequate  destruction  of  the  hair 
folUcIe  results  without  any  eschar  being  produced.  The  cilium  can  now 
be  very  readily  drawn  out,  or  it  falls  out  afterward  of  itself,  and  it  never 
grows  again.  The  operation  is  pretty  painful,  and  hence  it  is  a  good 
plan  to  inject  some  cocaine  solution  beneatii  the  skin  of  the  lid  near 
its  free  border.  When  quite  a  lurge  number  of  the  cilia  or  all  of  them 
are  directed  toward  the  eyebalh  epilation  is  not  suitable;  in  that  case 
these  methods  are  indicated  by  means  of  which  the  cilia  are  brought 
to  their  proper  position  by  a  shifting  of  the  place  in  which  the  hair 
bulbs  are  implanted  (see  section  on  Operations,  J  168). 

The  t-erm  disiichiasia  is  employed  by  most  authors  not  only  for  the  condition  in 
wliieh  there  are  congenitally  two  rows  of  ciha,  but  also  for  the  acquired  anomaly  of 
pofiition  tlue  to  truflionia,  wliwti  simply  tJie  posterior  rows  of  cilia  are  set  backward, 
while  the  anterior  arc  still  directed  forward.  But  una  c  ondition  is  identical  in  its  nature 
with  trichiasis  projx^r,  and  differs  from  it  only  in  dt*gree.  At  the  connnencement  of 
the  cicatricial  contraction  llie  rows  of  cilia  are  first  drawn  apart;  then  the  piwterior, 
jUid  last  of  all  the  anterior  row  are  turned  backward.  Accordingly,  distichiaeis  ia 
devdopod  first  and  trichiasifl  afterward,  and  a  sharp  line  of  distinction  can  not  be 
drawn  l>etween  the  two.  I  hence  prefer  to  use  the  expression  trichiasiü  for  this  condition 
in  all  its  phases,  and  to  confine  the  term  distichiasis  to  the  coiigenitiil  cases  in  wldeh 
two  regular  series  of  cilia  are  present,  Tlien  trichiasis  and  disticliiaflis  really  denote 
two  perfectly  distinct  conditions. 

2.  Entropion. 

111.  Entropion'"'  is  a  rolling  inward  of  the  ltd.  Trichiasis  afTocta 
Bittiply  the  lid  Ijorder,  of  w^hich  bi>th  the  shape  and  the  position  are  faulty. 
In  entropion  the  sliape  of  the  lid  border  may  be  normal,  but  thp  lid  border 
as  a  whole  is  revolved  Ijack  so  b^  not  to  be  visible  at  all  when  the  open  eye 
is  seen  from  in  front.  Hence,  to  get  a  view  of  the  border  of  the  lid  wc  have 
to  roll  the  lid  out  again  by  pulling  it  tow^ard  the  margin  of  the  orbit.  How- 
ever, the  dividing  line  l)et ween  triehiasis  ami  entropion  is  not  a  sharp  one, 
and  the  evil  consequence^^  of  the  two  are  the  samti* 

According  to  their  etiology  we  distinguish  the  two  following  varieties 
of  entropion: 

(a)  Entropion  Sjmsticiim  is  that  form  which  is  jirotluced  by  the 
contraction  of  the  orbicularis.  The  fibers  of  the  palpebral  portion  of 
the  orbicularis  (see  page  614)  describe  arcs  having  a  curvature  in  two 
different  directions,  tine  sort  of  curvature  is  due  to  the  fact  that  the 
muscular  fibers  encircle  the  palpebral  fissure;  the  concavity  of  these 
arcs  accordingly  looks  townrd  the  i^alpehral  fissure  ond  is  directed  down- 
ward in  the  Ujiper  liil,  upward  in  the  lower.  The  second  variety  tjf  cur- 
vature is  caused  by  the  fact  that  the  muscular  fibers  in  conjunction 
with  the  lids  are  molded  to  the  anterior  convex  surface  of  the  eyeball; 
the  concavity  of  these  arcs  looks  backward  in  both  lids.     When  the 
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fibers  of  the  orbicularis  contract,  they  tend  to  shorten  from  the  form 
of  an  arc  to  that  of  its  chord.  In  so  doing  they  exert  a  double  action: 
by  the  flattening  out  of  the  first  set  of  curves  they  narrow  the  palpebral 
fissure;  by  the  flattening  out  of  the  second  set  they  press  the  lids  against 
the  surface  of  the  eyeball.  Either  component  may  lead  to  inversion 
of  the  tarsus,  if  the  character  of  the  subjacent  structures  is  such  as  to 
give  rise  to  this  condition.  By  the  action  of  the  orbicularis  in  the  sense 
of  the  first  component,  the  lids  are  forcibly  opposed  to  each  other  by 
their  narrow  edges  when  the  palpebral  fissure  is  being  closed.  We 
may  conceive  of  the  two  tarsi  as  represented  by  two  visiting  cards, 
standing  one  over  the  other  in  the  same  vertical  plane,  so  that  the 
lower  edge  of  the  upper  rests  upon  the  upper  edge  of  the  lower,  and  the 
edges  of  the  two  are  forcibly  opposed.  Then  slight  pressure  with  the 
finger  upon  the  line  of  contact  of  the  two  edges  suffices  to  produce  in- 
version of  the  cards  in  a  sense  opposite  to  that  in  which  the  pressure 
is  made.  In  like  fashion  the  opposed  tarsi  bend  forward  or  backward, 
according  as  the  subjacent  structures  either  tend  to  press  them  for- 
ward or,  on  the  other  hand,  fail  to  afford  them  a  sufficiently  firm  sup- 
port. Much  more  important,  however,  for  the  production  of  a  change 
of  position  in  the  lids  is  the  second  component,  in  accordance  with 
which  the  fibers  of  the  orbicularis  press  the  lid  against  the  eyeball; 
for  the  lids  are  in  perfect  contact  with  the  eyeball  only  so  long  as  the 
latter  furnishes  them  a  uniform  bed  to  lie  upon.  When  then,  owing 
to  lack  of  uniformity  in  the  bed,  either  the  free  or  the  attached  border 
of  the  tarsus  receives  insufficient  support  posteriorly,  a  bending  of  the 
tarsus  results  in  the  sense  either  of  an  entropion  or  an  ectropion. 

The  stronger  the  contraction  of  the  fibers  of  the  orbicularis  in  gen- 
eral, the  more  readily  will  the  mechanical  causes  mentioned  lead  to  an 
alteration  in  the  position  of  the  lids.  And  from  what  has  been  said  it 
is  easy  to  understand  that  there  is  a  spastic  ectropion  as  well  as  en- 
tropion; it  depending  upon  the  mechanical  conditions  above  described 
and  also  upon  other  circumstances  (especially  upon  the  character  of  the 
skin  of  the  lids)  whether  blepharospasm  causes  the  lids  to  bend  forward 
or  backward. 

For  an  entropion  to  develop,  two  conditions  are  necessary:  De- 
ficient support  of  the  free  border  of  the  lid,  and  an  abundant  amount 
of  extensible  skin  upon  the  lid.  The  former  condition  obtains  when 
the  eyeball  is  wanting;  entropion  spasticum,  therefore,  deveiops  above 
all  when  the  orbit  is  empty.  For  entropion  to  develop,  however,  it  is 
not  necessary  for  the  eyeball  to  be  entirely  absent;  it  is  sufficient  that 
it  should  be  diminished  in  size,  or  should  simply  be  situated  more  deeply 
in  the  orbit,  as  it  is  in  the  old  and  lean.  Again,  when  the  border  of  the 
lid  is  rolled  inward,  the  skin  of  the  lid  is  drawn  aft^r  it.  If  this  is  pre- 
vented an  entropion  can  not  develop.  If  the  entropionized  lid  is  put 
back  in  place,  and  then  the  skin  of  the  lid  is  dra^n  a  little  up  toward 
the  margin  of  the  orbit  and  fixed  there  by  pressure,  the  rolling  in  again 
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of  the  lid  is  rendered  impossible*  Entropion  spasticum,  therefore,  doea 
not  usuttlly  develop  in  peräons  having  tirni  and  elastic  «kin  upon  the 
lids,  but  requires  the  preöcnee  of  a  large  amount  of  wrinkly,  readily 
displaceable  skin,  such  as  we  meet  witli  in  old  persons. 

It  is  clear  that  the  rolling  in  of  the  lids  is  favored  when  the  fiberB 
the  orbicularis  are  very  forcibly  contracted,  as  in  blepharospa.sm, 
id  also   \Jien  ihe  pressure  with  which  the  musc^ular  bundles  of  the 
rbicularis  are  squeezed  against  the  border  of  the  lid  is  aggravated  by 
an  external  pressure — i.  e.t  by  a  bandage,     Similarly  blcpharophimosifi 
acts  to  favor  the  development  of  entropion,  since  it  draws  the  skin  to- 
ward the  free  border  of  the  lid- 

If  ^^e  summarize  what  has  just  been  said,  it  follow^s  that  entropion 
spasticum  develops  mainly  in  elderly  people  with  flabby  lids,  and  that  its 
production  is  favored  by  deep  placing,  diminution  in  size,  or  absence 
pf  the  eyeball,  by  the  existence  of  a  blepharospasm  or  a  blepharophi- 
aosis,  and  by  the  wearing  of  a  bandage.  For  the  last-named  reason 
entropion  is  a  frequent  and  unpleasant  complication  during  the  after- 
treatment  of  cataract  ofx^rations  where  the  patients  are  elderly  jjeople 
whose  eyes  have  to  be  kept  bandaged  for  quite  a  long  time. 

Entropion  spasticum  is  almost  invariably  found  to  be  restricted  to 
the  lower  lid, 

{b)  Entropion  Ckalriccum  is  caused  by  the  cicatricial   contraction 

the  conjunctiva  by  means  of  which  the  free  border   of  the  lid   is 

Irawn  inward.     It  may  be  said  to  form  one  step  further  on  the  way 

*upon  which  trichiasis  has  started.     I/ike  the  latter,  this  condition  is 

observed    after   trachoma,  diphtheria,   pemphigus,  bums   of    tlie    con- 

mctiva,  etc.     kMA  i^^  >   ^^^  Hio^  — 

The  treütmeni  of  entropion  is  either  with  or  without  operation.  In 
entropion  spasticum  which  has  formed  Ix^neath  a  bandage,  the  discon- 
tinuance of  the  latter»  is  often  all  that  is  required.  If  we  are  compelled 
by  important  reasons  to  continue  the  bandage,  we  place  upon  the  lower 
lid  in  the  neighborhood  of  the  margin  of  the  orbit  a  roll  of  adhesive 

»plaster,  which  is  kept  pressed  against  the  lid  by  the  bandage.  This 
procedure  depends  upon  the  observation  that  the  entropionized  lower 
lid  takes  a  correct  position  spontaneously  when  we  press  bat-k  with  our 
fingers  that  portion  of  it  which  lies  next  to  the  margin  of  the  orbit. 
Another  method  of  exerting  a  constant  pressure  of  this  sort  consists  in 
fastening  a  narrow  strip  of  a  good  sticky  adhesive  plaster  to  the  lid 
throughout  its  entire  length;  the  strip  being  plactnl  al>ont  in  line  with  the 
lower  mar^n  of   the  orlnt   and    biding   drawn  quite  tight»     [We  may  also 

^^vert  the  lid  and  try  tf»  hold  it  in  place  with  collodi(jn. — D.l 

^fe       If  entropion  is  due  ttj  absence  t>f  the  eyeball,  we  enjoin  the  wearing 

^Hf  an  artificial  eye. 

^P  If  wv  can  not  attain  our  object.by  bloodless  measures,  we  must  then 
proci^ed  to  the  performance  of  an  operation  (see  section  on  Operations, 
-  171). 
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3.  Ectropion, 

112.  Ectropion  consists  in  the  revolution  of  the  lid  outward,  so  that 
its  conjunctival  surface  looks  forward.  It  is,  therefore,  the  opposite  of 
entropion.  There  are  different  degrees  of  ectropion.  The  lowest  de- 
gree is  that  in  which  the  internal  margin  of  the  lid  stands  off  a  little 
from  the  eyeball  (eversion  of  the  border  of  the  lid).  Even  this  very 
slight  degree,  however,  bears  within  itself  the  conditions  for  its  own 
increase.  With  the  eversion  of  the  border  of  the  lid  there  is  also  asso- 
ciated eversion  of  the  puncta,  in  consequence  of  which  epiphora  de- 
velops, and  by  this  a  contraction  of  the  skin  of  the  lower  lid  and  hence 
an  increase  of  the  ectropion  are  produced.  Ectropion  may  present  all 
degrees  up  to  complete  eversion  of  the  entire  lid.  The  consequences  of 
ectropion  are  epiphora  and  also  redness  and  thickening  of  the  con- 
junctiva wherever  it  is  exposed  to  the  air.  The  hypertrophy  of  the 
conjunctiva  may  reach  such  a  high  degree,  especially  if  this  membrane 
has  already  been  considerably  altered  (by  gonorrhoeal  conjunctivitis  or 
by  trachoma),  that  the  conjunctiva  looks  like  exuberant  "proud*' 
flesh  (wound  granulations),  whence  the  old  designations  ectropion  lux- 
urians  (or  sarcomatosum).  In  marked  ectropion  the  cornea  is  incom- 
pletely covered  by  the  lids,  so  that  keratitis  e  lagophthalmo  is  set  up. 

According  to  differences  in  their  etiology  the  following  kinds  of 
ectropion  are  distinguished: 

(a)  Ectropion  Spasticum,  It  was  shown,  in  speaking  of  entropion, 
that  the  lids  can  be  bent  by  blepharospasm,  and  that  the  direction  in 
which  they  are  bent  depends  upon  the  mechanical  relations  of  the  in- 
dividual parts.  In  ectropion  these  conditions  are  the  direct  opposite  of 
those  which  we  have  found  to  be  the  causes  of  entropion.  They  consist 
partly  in  the  displacement  forward  of  the  tarsal  portion  of  the  lid,  and 
partly  in  a  firm,  elastic  character  of  the  skin  of  the  lid,  by  virtue  of 
which  the  palpebral  border  is  drawn  up  toward  the  margin  of  the  orbit. 
We  often  have  the  opportunity  to  observe  the  effect  of  a  traction  of  this 
sort  when  we  try  to  open  the  palpebral  fissure  in  a  child  with  swollen 
lids  and  with  blepharospasm.  As  soon  as  we  draw  the  lids  apart  they 
become  spontaneously  everted,  and  in  such  cases  if  we  should  not  care- 
fully put  the  lids  back  in  place  we  might  readily  set  up  a  permanent 
spastic  ectropion;  for  the  peripheral  bundles  of  the  palpebral  portion 
of  the  muscle  contract  spasmodically  behind  the  everted  tarsal  portions 
of  the  lid,  and  maintain  them  in  their  faulty  position.  Then  the  everted 
lids  swell  up,  because  they  become  congested  and  this  swelling  renders 
their  reposition  the  more  difficult  the  longer  the  condition  lasts.  Inas- 
much as  a  certain  degree  of  tension  of  the  skin  of  the  lids  is  requisite 
for  the  development  of  spastic  ectropion,  this  condition  is  found  princi- 
pally in  children  and  young  persons. 

The  second  condition  mentioned  above  for  the  development  of 
ectropion  is  the  forcing  of  the  edge  of  the  lid  away  from  the  eyeball 
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that  eversiofi  of  the  tarsu»  is  faciUtated.     It  occurs  mostly  as  a  re- 
t  of  thickening  of  the  conjynctiva,  particularly  when  due  to  gonor- 

sitiBbal  conjunctivitis  and  trachoiiia.      However,  the  eyeball  itself  may 

force  the  lids  so  far  forward  that  they  l^ecome  ectropionized,  as  is  the 

case  ill  enlargement  or  jirot fusion  of  the  eyeball. 

The  two  predisp(jsing  causes  above  mentioned  will  he  the  more  likely 

induce  eversion  of  the  lid,  the  greater  the  blepharospasm  present. 

From  what  has  been  said,  it  folio  wo  that  ectropion  spasticum  in 

particularly  apt  to  occur  in  young 

persons  who  at  the  sanie  time  suffer 

from  inflammation  of  the  conjunc- 
tiva  with    swelling    of    the  latter 

and  with  coincident  blepharospasm. 

Ectropion     spasticum     frefjuently 

affectö    the    upper  and  lower  \kh 

simultaneously. 

(b)  Ectropion     Paralyi  ic  u  m 
.rises  as  a  result  of   paralysis  of 

the  orbicularis.  The  lids  are  then 
no  longer  kept  pressed  against  the 
eyeball  b}^  the  contraction  of  the 
til>ers  of  the  orbicularis,  and  thus 
the  lower  lid  sinks  down  of  its  own 
weight.  For  this  reason  ectropion 
paralyticum  is  found  only  in  the 
lower  lid;  the  upper  lid,  because  of 
its  weight,  remaining  applied  to  the 
eyeball  e%^en  when  there  is  no 
action  of  the  muscle.  In  conjunc- 
tion with  drooping  of  the  lower  lid 
there  is  inabiÜty  to  lift  it.  Conse- 
quently the  pal|>ebral  fissure  can  not 
be  perfectly  shut  (lagophthalmus). 

(c)  Ectrüpion  Senile  also  is 
found  only  in  the  lower  lid  (Fig,  292). 
The  way  it  develops  is  that  in  old 
people  the  lower  lid  is  relaxed  in  all  its  parts  and  is  pressed  with  insuffi- 
cient force  against  the  ej'eball  by  the  enfeebled  fibers  of  the  orbicularis. 
Another  factor  that  here  comes  into  play  is  the  chronic  catarrh  of  the 
conjunctiva  (catarrhus  senilis),  which  is  so  frequent  in  old  people* 

Likewise  due  to  en  feeble  men  t  of  the  action  of  the  orbicularis  is  the 
ectropif>n  of  the  lower  lid»  that  occurs  when  the  lid  has  been  divided  in  a 
vertical  direction  at  any  spot,  or  when  the  external  commissure  has  been 
destroyed*  so  that  continuity  of  the  orbicularis  is  interrupted  somewhere. 

(f1)  Eetmpion  Cicafriceum  develops  when  some  part  of  the  skin  of 
be  lid  has  been  destroyed  and  has  been  replaced  by  scars  so  that  the 


FlO.  290. — ECTBOPION  Wmi    LAGOPHTBAUilUB. 

Tills  dovclop^d  an  a  rrstilt  of  a  rured  cari»  of 
the  upper  Äud  tu  wer  margin  of  the  orbir .  Uenevth 
the  niKlilLe  of  tho  cy«bruw  ihß  nkin  of  the  upper 
lid  iM  drawn  by  a  t^car  1  cm.  Utu^  UiVtaM  the  upper 
tnaritin  of  the  orbit  and  attached  to  the  laiter. 
The  free  border  of  the  lid  i«  b<*nee  drawn  up  id 
it!)  middle  portion;  but^  what  ih  of  inof^t  430iue> 
quenoe.  the  ltd  in  prevented  Irom  Kotng  down 
when  the  eye  Khut».  Tliere  i»  a  iteeand  «ar  at  the 
outer  end  of  the  lower  marKJii.  of  the  orbit.  Tlib 
«ear  i»  concealed  by  thr  border  of  thp  ltd,  but 
throujch  the  latter  nne  can  ft'el  that  here  there  m 
an  irretrular  notehing  of  the  otherwi.>^  ^harti  ainl 
afnooth  murf^in  of  rh«*  orbit.  The  lxirti«»rol  tJ*e  tid 
at  thi!^  ftpot  h  attached  to  the  bone,  and  ecmae- 
quenily  the  whole  lid  in  drawn  (jutward  and  down- 
ward.  Thi.t  i«  e/tpecially  the  caxm  at  it«  outer  half, 
Kt>  thai  hpre  the  eonjiunctiva  of  the  laniM,  beiotf 
expowd  to  the  air,  ij^  partieularly  hypertFOphi«a 
and  reddened,  and  hrnre  apit>rani  dark  in  the 
drawinK.  The  lower  lid,  being  fastened  down, 
ean  not  l>e  raiAeti  when  the  eye  10  «but.  Hence 
between  the  two  lid?«  the  lower  part  of  the  cornea 
remaiiii;  uneoveretl  even  durinf^  nleep.  Thi«  un- 
covered porlion  preMMitn  an  oldong  ulcrr  with 
yellowish-white  l>ortIer  arid  d  deprej"j*ed  and  tliere- 
fore  ffome what  darki'r  center.  Alxive  and  below, 
an  areolate  gray  c]oudine.i>M  adjoinn  the  yellow 
border  of  the  ulcer. 
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lid  is  contracted.  Injuries  (particularly  bums),  ulcers,  gangrene,  ex- 
cision of  the  skin  in  operations,  etc.,  may  give  rise  to  it.  Ectropion  fre- 
quently develops  as  a  sequel  to  caries  of  the  orbit  in  scrofulous  children 
(Fig.  290).  Here,  in  addition  to  the  contraction  of  the  skin  of  the  lid,  its 
fixation  to  the  osseous  cicatrix  upon  the  margin  of  the  orbit  is  of  mo- 
ment, and  with  this  there  is  associated  marked  retraction  of  the  skin. 
So  also  ectropion  is  set  up  by  the  contraction  of  the  skin  and  the  loss 
of  its  elasticity  that  result  from' the  eczema  which  occurs  in  connec- 
tion with  the  continual  wetting  of  the  skin 
of  the  lids  by  the  tears  or  from  various 
other  causes.  Ectropion  is  therefore  fre- 
quently found  in  conjunction  with  a  bleph- 
aritis of  long  standing  and  with  disorders 
of  the  conjunctiva  and  the  lachrymal  sac. 
Non-operative  treatment  is  successful 
mainly  in  ectropion  spasticum.  It  consists 
Fio.  29i.~akkyloblepharon.        Jj^  putting  the  lid  back  in  place  and  keeping 

Thi;»  occurred  a»  the  re«'ult  of  an        »,  j  •       .     j  v  •!_    11    i_  11 

injury  from  a  splinter  of  niass.  After  it  pressed  agamst  the  eyeball  by  a    well- 

[n'l?  ^1^  iSSii^cStd  CÄfJ;  fitting  bandage.     In  ectropion  paraly ticum 

älii^^f  tife^p^fiid'iradher?^  wc  must  cmploy,  besidcs  the  bandage,  the 

the  margin  of  the  lower,  and  over  an  remedies  indicated  for  the  curc  of  facial 

area  correvpondmg  to  this  adhesion  .  .111  .    .  -r-i 

the  cilia  are  absent.    To  the  temporal       paralySlS,    particularly    ClCCtriClty.        EctrO- 

»ide  of  the  site  of  adhesion,  a  small  .  »i«  ii  «^i         . 

portion  of  the  palpebral  fissure  has  piofi  Senile  IS  curablc  without  an  Operation 
aS"e'^o7üi7eye**'  He^Sn  thb*case  Only  as  long  as  it  has  not  reached  any 
Ä%^V:;r?efhetÄ^^  very  high  degree.    For  quite  a  long  space 

of  time  the  eye  must  be  bandaged  at  night, 
and  the  patient  must  be  told,  when  wiping  away  the  tears  that  flow 
down  over  his  cheek,  to  apply  his  handkerchief  from  below  upward, 
and  not,  as  is  ordinarily  done,  from  above  downward,  a  procedure  by 
which  the  lid  is  drawn  down  only  so  much  the  more.  It  is,  furthermore, 
advisable  to  slit  up  the  inferior  canaliculus  in  order  to  diminish  the 
epiphora  due  to  the  eversion  of  the  punctum.  The  higher  degrees  of 
ectropion,  and  particularly  ectropion  cicatriceum,  require  treatment 
by  operations  of  one  kind  or  another,  a  description  of  which,  is  contained 
in  the  section  on  Operations  (§  172). 

4.  Ankyloblepharon, 

1 13.  Ankyloblepharon"  consists  in  an  adhesion  of  the  upper  to  the 
lower  lid  along  the  palpebral  margin  (Fig.  291).  It  is  either  partial  or 
total,  and  is  very  often  combined  with  an  adhesion  between  the  lid  and 
the  eyeball,  or  Symblepharon.  It  also  has  a  common  etiology  with  the 
latter;  it  originates,  that  is,  when,  as  a  result  of  bums,  ulcers,  etc..  the 
borders  of  the  two  lids  are  converted  into  raw  surfaces  at  opposed  points 
and  so  become  adherent. 

^*  From  ayKvKff,  a  stiff  limb  [or  a  thong,  and  ßM^apov^  eydid.] 
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Throyg:h  ankyloblepharon   the   palpebral   fissure  is  diminiöhed  in 
size,  and  the  movements   of  the  lids  are  hindered;    in  total  ankylo- 

Iiblepharon  there  is  complete  occlusion  of  the  palpeln'al  fissure.  The 
ir^atment,  when  we  are  dealing  with  simple  ankyloblepharon  without 
coincident  Symblepharon,  consists  in  separating  the  adherent  hds  by  an 
operation.  If  the  adhei^ion  extends  as  far  as  the  angle  of  the  lid,  the 
latter  must  be  supplied  with  a  lining  of  conjunctiva,  as  otherwise  the 
adhesion  wouhl  form  again,  starting  from  the  angle.  In  the  cases  in 
which  Symblepharon  is  present  along  with  the  ankyloblepharon,  it  de- 
pends mainly  upon  the  extent  of  the  former  whether  an  operation  is 
practicable  at  all  or  not. 


5.  Symblepharon  (see  page   192). 


^^^F  6,  Biepharophitnosis, 

IP  In  blepharophimosis  '*  the  palpebral  fissure  appears  to  be  contracted 
at  the  external  angle  of  the  eye  {V\g^  202).  Upon  drawing  the  lids  apart 
we  see  that  the  contraction  is  produced  by  a  fold  of  skin  which  extends 
in  a  vertical  direction  at  the  external  angle  of  the  eye  and  juts  out  in 
front  of  it  like  a  sliding  screen.  If  we  draw 
the  fold  of  skin  outward,  we  tlisclose  behind 
it  the  normally  formed  external  i>ulpebral 
angle  with  the  delicate  ligament  uniting  the 
borders  of  the  two  lids.  The  distinction 
between  ankyloblepharon  and  blepharophi- 
niosis,  two  conditions  which  are  commonly 
confounded,  is  therefore  as  follows:  In 
ankyloblepharon  the  borders  of  the  hds  are 
adherent  to  each  other,  but  in  blepharophi- 
mosis  they  arc  normal,  and  the  contraction 
of  the  palpebral  fissure  is  only  apparent, 
being  caused  by  the  drawing  of  a  fold  of 
skin  over  its  outer  extremity. 

Blepharo phimosis  is  most  frequently 
found  in  persons  who  suffer  from  epij>hora 
and  blepharospasm  of  long  standing— that 
is,  it  is  especially  met  with  in  chronic  inflam- 
mations of  the  conjunctiva.     It  originates 

in  a  contraction  of  the  skin  of  the  lids  due  to  their  being  frequently  wet 
with  the  tears  or  with  secretion.  If  this  contraction  is  particularly 
marked  in  a  horizontal  direction,  the  skin  from  the  adjacent  part  is 
drawn  up  so  as  to  project  over  the  palpebral  fissure  on  the  temporal 
side  like  a  sliding  screen.  This  effect  is  re-enforced  by  the  action  of  the 
fibers  of  the  orbicularis,  which  in  blepharospasm  draws  the  skin  on  the 


Fio.  2Ö2,—  Hi,  t:i»ij  A  HO  PHIMOSIS    anö 

ECTROPIOM    SeXILE, 

Tlie  ectropion  m»  ii  u^unlly  the  cai«, 
in  more  marltecl  in  the  niuial  thftu  in 
the  temporal  portion  ml  ihv  hd,  b©- 
ciius«  in  thp  fornij»r  tin*  rcititart  i>f  the 
lower  \ul  iviih  tht*  upper  ts  interniptwi 
hy  the  hon^pihoe-fihoped  not  oh  at  the 
inner  »njle  of  th«  eve.  Morf*over  in 
the  present  eftj»e  the  blepharophimoKJN 
connlerrni'tjn  tin»  drooping  of  the  lird 
Ht  the  outer  angle. 


"  Freak  ^A^a^oi^.  HJ,  nnd  ^^«»<rtf,  ood tract loa»  from  ^«m^*  &  mtijiale. 
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outer  side  of  the  face  in  toward  the  external  angle  of  the  eye.  We  can 
artificially  imitate  blepharophimosis  by  pushing  the  skin  from  the  temple 
over  the  palpebral  fissure  with  our  fingers;  and  conversely  can  make  an 
existing  blepharophimosis  disappear  by  drawing  the  skin  out  toward  the 
temple.  Blepharophimosis  is  ordinarily  not  found  at  the  inner  angle  of 
the  eye,  because  the  adjoining  skin  of  the  bridge  of  the  nose  is  not  so 
readily  displaced,  although  in  old  persons  with  thin  skins  a  projecting 
fold  of  skin  is  sometimes  formed  here  too. 

Blepharophimosis  accordingly,  like  that  form  of  ectropion  which 
occurs  in  connection  with  chronic  catarrh,  epiphora,  etc.,  owes  its 
origin  to  a  contraction  of  the  skin  of  the  lid.  The  difference  between 
the  two  lies  in  the  fact  that,  in  the  first  case,  the  contraction  makes 
itself  apparent  chiefly  in  the  horizontal  direction;  in  the  second  case, 
in  the  vertical  direction.  Blepharophimosis  and  ectropion,  therefore,  as 
originating  from  the  same  cause,  may  be  both  present  at  the  same 
time  (Fig.  292).  That  this  in  general  is  but  rarely  the  case  is  due  to  the 
upward  traction  which  the  vertical  fold  of  skin  forming  the  blepharo- 
phimosis exerts  upon  the  lower  lid  and  which  opposes  the  eversion  of  the 
latter.  For  this  reason,  indeed,  blepharophimosis  really  favors  the  de- 
velopment of  an  entropion,  which  in  such  cases  can  often  be  cured 
simply  by  the  abolition  of  the  blepharophimosis.  Another  consequence 
of  blepharophimosis  is  the  contraction — to  be  sure,  an  apparent  one 
only — of  the  palpebral  fissure,  which  consequently  can  not  be  opened 
as  wide  as  usual. 

Blepharophimosis,  at  least  in  young  persons  with  elastic  skin,  may 
gradually  disappear  of  itself,  provided  its  causes  (epiphora,  bleph- 
arospasm) have  ceased  to  act.  If  it  does  not  appear  spontaneously 
and  if  it  causes  any  trouble,  it  may  be  removed,  by  widening  the  pal- 
pebral fissure  by  means  of  canthoplasty  (see  section  on  Operations, 
§  169). 

7.  Lagophthalmus. 

By  lagophthalmus  '•  is  meant  an  incomplete  closure  of  the  pal- 
pebral fissure  when  the  attempt  is  made  to  shut  the  lids  together.  In 
the  lesser  degrees  of  lagophthalmus  complete  closure  of  the  palpebral 
fissure  is  still  possible  by  squeezing  the  lids  tight;  but  since  during  sleep 
there  is  no  such  squeezing  of  the  lids,  but  only  a  gentle  closure  of  them, 
such  patients  sleep  with  their  eyes  open,  and  from  this  the  disease  de- 
rives its  name.  In  the  higher  degrees  of  lagophthalmus  it  is  no  longer 
possible  for  the  patients  to  bring  the  lids  into  contact  even  by  forcible 
squeezing. 

The  evil  consequences  of  lagophthalmus  depend  upon  the  harm 
which  the  eyeball  suffers  from  being  insufficiently  covered.  What 
part  of  the  eyeball  is  it  that  remains  uncovered  by  the  lids  in  lagoph- 
thalmus?   If  we  tell  a  patient  with  a  slight  lagophthalmus  to  shut  his 

1'  I.  e..  hare's  eye,  from  AayMv,  hare,  because  it  was  believed  that  hares  deep  with  their  eyes  open. 
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lids  tightly  together,  we  sec  that  the  borders  of  the  Vids  remain  sepa- 
rated some  niilliiiietres  from  eat'h  other,  and  that  l>eiween  them  tliere 
lies  the  part  of  the  sclera  that  is  beU)W  the  cornea,  but  not  the  corneü 
itself,  llie  reason  for  this  is  that  at  the  same  time  that  tiie  Udi?  are 
«hut  the  eye  is  turned  upward,  so  that  the  eoniea  is  concealed  beneath 
the  upper  hd.  The  same  in  the  ciu>e  during  sleep.  Hence  the  only  part 
of  the  conjunctiva  scleric  that  is  contitHntly  exposed  to  the  air  is  that 
situated  below  the  cornea.  As  a  result  of  this  exposure  it  is  injected, 
and  the  patient  sufTers  from  the  symptoms  of  a  chroni :•  conjunrtival 
catarrh.  In  the  higher  degrees  of  higophthalmus  the  cornea,  too,  L 
seen  to  lie  in  tlie  slit  which  remains  ofien  when  the  lids  are  closer!  to- 
gether; audi  Ijecause  the  cornea  is  turned  upward,  it  is  the  lower  jiart 
of  it  that  is  found  there.  Lagophthalmus  but  seldom  reaches  a  ilegj*ee 
such  that  the  cornea  remains  completely  uncovered. 

The  cornea  may  suffer  in  two  ways  from  Ijeing  covered  insuffi- 
ciently; either  its  surface  dries  up  wherever  it  is  constantly  exposed  to 
the  air»  and  keratitis  e  lagophthalmo  ensues  (see  page  251  and  Fig,  290); 
or  the  cornea  protects  itself  against  the  ex|X)sure  by  a  change  in  its 
epithelium  which  tiecomes  thicker  and  epidermoid,  so  that  the  deeper 
layers  of  the  cornea  are  preser^cMil  from  desiccation  (xerosis  of  the  cor- 
nea, see  page  195).  But  as  opacity  both  of  the  epithelium  and  of  the 
cornea  it^setf  is  associated  with  this  process,  the  sight  is  therel>y  preju- 
diced. In  any  ease,  therefore,  vision  is  endangered  in  lagophthalmus 
if  the  latter  is  so  considerable  that  the  cornea  is  no  longer  sufficiently 
covered.  Another  result  of  lagophthal mus  is  epi phora , since  complete  clos- 
ure of  the  lids  is  requisite  for  the  normal  conduction  of  tears  into  the  nose. 

The  causes  of  lagophthalmus  are:  1,  Narrowing  of  the  Mds,  This 
is  in  most  cases  caused  by  the  loss  of  a  portion  of  the  skin  of  the  lids 
in  consequence  of  burns,  ulcers  (particularly  lupus),  operations,  etc. 
Less  frequent  are  the  cases  of  congenital  narrowness  of  the  lids.  These 
are  characterized  by  the  fact  that  the  palpebral  fissure  still  remains 
open  a  distance  of  some  millimetres  when  the  lids  are  shut  tightly 
together,  and  that,  nevertheless,  no  signs  whatever  are  present  of  loss 
of  the  skin  of  the  lids  under  the  form  of  scars.  In  these?  cases  the  symp- 
toms of  a  chronic  blepharitis  ulcerosa  are  often  present,  2.  Ectropion, 
3.  Paralysis  of  the  orbicularis,  4,  Constant  patency  of  the  eyes,  oc- 
curring in  persons  who  are  very  ill  or  who  are  unconscious,  and  due 
to  a  reduction  of  the  sensitiveness  of  the  cornea,  so  that  the  reflex  acts 
of  winking  and  of  shutting  the  eyes  are  no  longer  initiated-  5.  En- 
largement or  protrusion  of  the  eye,  so  that  the  lids,  in  spite  of  l>eing 
normal  in  size  and  mobility,  are  unable  to  cover  it  conipletely.  Under 
this  head  should  be  specially  mentioned  Basedow*«  disease,  in  which  the 
lagophthalmus  is  l>ilateral,  so  that  bilateral  blindness  sometimes  occurs 
as  a  result  of  it. 

The  treatment  of  lagophthalmus  consists  first  of  all  in  regarding 
the  causal  indication — ^i.  e.,  in  the  removal  of  those  conditions  which 
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prevent  the  complete  closure  of  the  lids.  Under  this  head  belong  the 
remedying  of  contraction  of  the  lids  by  blepharoplasty,  the  cure  of 
ectropion,  the  treatment  of  facial  paralysis,  etc.  Until  we  have  suc- 
ceeded in  getting  rid  of  the  lagophthalmus,  for  which  often  quite  a 
long  time  is  required,  the  eye  must  be  protected  from  its  ill  effects. 
This  is  accomplished  by  closing  the  palpebral  fissure  artificially  with  a 
bandage.  For  this  purpose  we  first  bring  the  borders  of  the  lids  into 
perfect  apposition,  and  keep  them  so  by  strips  of  sticking  plaster  which 
are  attached  vertically  across  the  lids;  over  this  is  applied  an  ordinary 
protective  bandage  with  dry  cotton.  In  the  lighter  cases  it  is  sufficient 
to  apply,  this  bandage  only  at  night,  since  then  the  danger  of  desicca- 
tion of  the  cornea  is  the  greatest,  and  during  the  day  the  act  of  winking 
suffices  to  keep  the  cornea  moist.  But  in  the  higher  degrees  of  lagoph- 
thalmus, or  in  cases  in  which  the  cornea  is  already  attacked,  the  band- 
age must  be  worn  constantly.  When  the  lagophthalmus  is  so  great  that 
the  margins  of  the  lids  no  longer  come  near  touching  and  can  not  be 
kept  in  contact  by  a  bandage,  we  may  give  up  the  attempt  to  cover  the 
cornea  and  simply  keep  it  from  drying  by  making  a  moist  chamber. 
For  this  purpose  we  cover  the  eye  with  a  watch-glass,  the  edges  of  which 
are  fastened  down  tight  by  plaster  to  the  circumference  of  the  orbit.  At 
some  point  in  the  concavity  of  the  watch-glass  is  placed  a  little  cotton  wet 
with  water.  Because  of  the  warmth  of  the  eye  the  water  evaporates,  so 
that  the  air  between  the  watch-glass  and  the  eye  is  kept  constantly  moist. 
^  In  those  cases  in  which  the  removal  of  the  cause  of  the  lagoph- 
thalmus is  impossible,  or  is  likely  to  require  a  very  long  time  (as,  for 
example,  in  the  cure  of  a  case  of  Basedow's  disease),  it  would  be  disa- 
greeable for  the  patient  to  have  to  wear  a  bandage  for  so  long  a  time— 
a  year  or  so.  For  these  cases  tarsorrhaphy  (see  section  on  Operations, 
5  170)  is  advisable.  By  this  the  palpebral  fissure  is  abbreviated  and  the 
borders  of  the  lids  are  brought  nearer  each  other,  so  that  the  closure  of 
the  eyes  is  facilitated. 

If  we  except  the  rare  cases  of  extreme  smallness  of  the  lids  that  are  observed  in 
monsters  and  constitute  microblepharia,  congenital  narrowness  of  the  lids  does  not 
usually  reach  any  considerable  degree.  The  palpebral  fissure,  when  the  lids  are  dosed 
lightly,  gapes  a  few  millimetres,  so  that  a  narrow  line  of  sclera  (but  not  the  cornea) 
is  visible  in  it.  Another  sign  of  congenital  narrowness  of  the  lids  is  that  such  people 
sleep  with  the  eye  not  perfectly  shut.  The  consequences  of  this  are  chiefly  manifested 
in  epiphora,  and  as  a  result  of  this  in  blepharitis  ulcerosa.  Such  cases  are  hence  ordi- 
narily regarded  as  old  cases  of  blepharitis,  and  the  narro^^-nees  of  the  lids  is  cither 
alt-ogether  overlooked  or  is  considered  to  be  the  result  of  the  blepharitis.  Small  losses 
of  integument,  with  consequent  cicatrices,  do  indeed  de\'elop  in  the  course  of  this 
blepliaritis  from  suppuration  of  the  glands  of  Zeiss;  but  they  are  too  inconsiderable 
to  account  for  the  marked  narrowness  of  the  lids,  and  this,  therefore,  if  no  other  cause 
for  it  can  be  found,  must  be  regarded  as  congenital.  This  condition  is  incurable.  An 
amelioration  of  the  troubles  suffered  is  obtained  by  dressing  the  e3res  overnight  with 
an  ointment  of  white  precipitate  smeared  upon  linen;  in  this  way  the  accompanying 
blepliaritis  is  kept  within  bounds.  I  have  seen  but  few  cases  in  which  the  oongenital 
narrowness  of  the  lids  was  considerable  enough  for  the  cornea  to  sufifer  harm  from  it 
so  tliat  an  operative  procedure  (tarsorrhaphy)  was  required. 
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V-  Diseases  of  the  Palpebral  Muscles, 

L  Orbicularis, 

114,  (a)  Spasm  of  the  OrhiculaHs  {Blepharos]msm^'').  This  mani- 
fests itself  by  a  squeezing  of  the  hds  tightly  together.  It  is  either  a 
symptüm  accompanying  other  diseased  of  the  eye  (symptomatic  bleph- 
arospasm), or  it  forms  a  distinct  disease  by  itself  (essential  blepharo- 
spasm). 

Sympiomaiic  bkpkarospasm  accompanies  all  irritative  states  of  the 
eye,  and  is  hence  fouod  in  conjunction  with  the  presence  of  foreign 
bodies  in  the  conjunctival  sac,  with  trichiasis,  with  the  most  various 
forms  of  inflamraaiion  of  the  eye,  when  an  intense  amount  of  light  falls 
on  the  eye,  etc.  The  \ioIence  of  the  blepharospasm  is  by  no  means 
in  direct  proportion  to  the  severity  of  the  disease  of  the  eye,  so  that  no 
sort  of  conclusion  can  be  drawn  from  it  with  respect  to  the  violence  or 
the  duration  of  the  ocular  atToction  that  lies  at  the  root  of  it.  It  often 
renders  the  examination  of  the  eye  extremely  difficult.  Blepharospasm 
is  usually  most  vittlent  and  most  obstinate  in  conjunctivitis  eczematosa. 
It  reacts  unfavoral>Iy  upon  the  eye  trouble ;  moreover,  it  often  leads  to 
oedema  of  the  litis,  to  blepharophimosis,  and  to  spastic  ectropion  and 
entropion.  Tlie  treatment  of  s\Tnptomatic  blepharospasm  consists  in  the 
removal  of  the  ocular  disease  w^hich  lies  at  the  root  of  it  (cf.  page  187). 

Essentiül  hic]>harosimsni  is  distinguished  from  the  symptomatie 
variety  by  the  fact  that  in  it  the  eyes  themselves  are  found  to  i>e  per- 
fectly normal  In  young  persons,  particuhirly  of  the  female  sex,  it  i 
manifests  itself  by  the  eyes*  suddenly  shutting  up  and  then  remaining 
closed  as  if  in  sleep  (blc pharos pusm as  hystencua).  In  elderly  people 
bleplxarospaem  {blepharospasm us  sertihs)  aj^pears  either  under  the 
form  of  clonic  spasm — i,  e,,  continual  winking  (nictitatio^*) — or  as  a  tonic 
spasm  by  which  the  eyes  are  kept  tightly  closed  for  a  length  of  time. 
Essential  blepharospasm  is  extremely  annoying  to  the  patient;  indeed, 
in  severe  cases  it  has,  as  far  as  he  is  concerned,  alnnvst  the  same  results 
as  a  real  blindness,  since  the  patient  can  not  make  use  of  his  eyes  when 
they  are  shut.  Hysterical  blepharospasm  in  time  disiippears  of  itself, 
while  senile  blepharospasm  resists  treatment  for  a  long  time,  and  some- 
times» indeed,  is  absolutely  incurable. 

(b)  Paralifnis  of  the  Orbieularifi.—  H  the  case  is  one  of  recent  paral- 
ysis, no  changes  are  noticed  while  the  eye  is  open :  I>ut  if  the  patient 
has  cause  to  shut  his  eye,  it  is  apparent  that  the  closure  is  but  incom- 
pletely performed,  because  the  lower  lid  can  not  be  lifted  properly. 
This  is  particularly  striking  in  the  inner  half  of  the  lid.  In  conse- 
quence of  the  iru*oniplete  closure  of  the  lid  there  is  epiphora,  w^hich 
in  light  cases  often  constitutes  the  only  complaint  the  patient  makes. 
After  the  paralysis  has  lasted  quite  a  long  time  further  changes  set  in. 

"  From  ßt^tinnfiov,  lid,  an«!  <nr«r,  to  driiw  tight«         *•  From  nkiare,  to  «duk. 


L 


652  TEXT-BOOK  OF  OPHTHALMOLOGY. 

The  lower  lid  falls  away  from  the  eyeball  and  keeps  drooping  lower  and 
lower  all  the  time  (ectropion  paralyticum).  The  cornea  during  sleep 
is  exposed  to  desiccation  in  its  lowermost  part,  so  that  keratitis  e  lag- 
ophthalmo  develops. 

Paralysis  of  the  orbicularis  is  caused  by  an  affection  of  the  facial 
nerve  which  innervates  it.  A  lesion  of  the  facial  nerve  may  have  either 
a  central  or  a  peripheral  situation.  In  the  former  case  it  is  located  in 
the  course  of  the  nerve  fibers  extending  from  the  cortex  of  the  brain  to 
the  point  where  the  nerve  comes  out  at  the  posterior  border  of  the  pons 
in  the  second  case  is  located  in  the  nerve  trunk  itself.  In  the  case  cf  a 
lesion  situated  above  the  nucleus  (supranuclear  lesion)  the  paralysis 
chiefly  affects  its  oral  branches,  whi)e  the  orbicularis  is  usually  normal. 
Hence,  in  a  paralysis  of  this  muscle  we  have  ordinarily  to  do  with  a  lesion 
of  the  nerve  in  the  nucleus  itself  or  below  it.  Most  frequently  we  have  to 
deal  with  a  so-called  rheumatic  paralysis,  the  real  cause  of  which  is  im- 
known;  but  the  paralysis  may  also  be  caused  by  injury  (particularly  frac- 
tures of  the  base  of  the  skull  and  operations  in  the  region  of  the  parotid 
gland),  by  caries  of  the  petrous  bone,  by  tumors,  and  by  syphilis.  The 
rheumatic  paralyses  of  the  orbicularis  give  a  favorable  prognosis,  but  even 
in  them  several  months  are  required  before  the  cure  takes  place. 

The  trecUment  must  first  of  all  endeavor  to  remove  the  cause  of  the 
paralysis.  Symptomatic  treatment  consists  mainly  in  the  application  of 
the  electric  current,  both  constant  and  induced.  If  the  paralysis  does 
not  yield  to  medicinal  treatment,  operative  treatment  may  replace  the 
latter.  This  consists  in  connecting  the  peripheral  stump  of  the  [divided] 
facial  with  another  motor  nerve  (spinal  accessory  or  hypoglossal),  which 
is  functionally  active.  As  long  as  the  closure  of  the  lids  is  imperfectly 
performed,  the  palpebral  fissure  must  be  kept  closed  by  a  bandage  (see 
page  650),  to  prevent  the  development  of  ectropion  and  of  keratitis.  In 
severe  cases  the  bandage  must  be  worn  constantly;  in  light  cases  it  is  suffi- 
cient to  apply  it  at  night  only.  If  the  paralysis  proves  incurable,  tar- 
sorrhaphy is  indicated  in  order  to  make  it  possible  to  shut  the  eyes. 

In  hysterical  blepharospasm  both  eyes  shut  up  suddenly  and  usually  without 
any  known  cause.  It  may  take  some  hours,  but  it  may  also  take  days  and  even  months, 
before  the  eyes  open  again,  which  they  do,  and  just  as  suddenly.  Such  attacks  may 
be  repeated  quite  often,  and  may  also  vary  greatly  in  their  duration.  The  spasm 
almost  always  affect«  both  eyes;  once  only  have  I  seen  a  unilateral  hysterical  bleph- 
arospasm. Other  symptoms  of  hysteria  are  often  present  ooincidentally  with  the  bleph- 
Etpasm.  In  a  young  girl  who  suffered  with  blepharospasm  of  this  sort,  and  whom  I 
already  treated  in  vain  wnth  different  remedies,  I  was  finally  successful  in  relieving 
blepharospasm  by  means  of  a  single  instillation  of  cocaine;  but  a  few  minutes 
Rafter  the  girl  had  opened  her  eyes  both  legs  became  paralyzed,  and  remained  so  for 
teveral  days.  ' 

In  the  examination  of  patients  with  hysterical  blepharospasm  it  is  often  possible 
i  to  find  so-called  pressure  point« — i.  e.,  portions  of  the  body  upon  which  we  simply 
have  to  press  for  the  eyes  to  open  as  if  by  magic  (Von  Graefe).  In  the  majority  of 
\cases  the  pressure  points  lie  in  the  region  supplied  by  the  trigeminus,  as  at  the  place 
jof  exit  of  the  supra-orbital  and  infra-orbital  nerves  at  the  upper  and  lower  margins 
pf  the  orbit.    But  often  these  points  are  more  difficult  to  find,  being  situated,  for  ex- 
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ample,  in  the  cavities  of  the  nose,  the  mtiuth  (wl^en  tlierp  are  carious  teeth),  or  the 
tiipjat;  sometimes  the  pressure  fxiim.s  are  not  fmjiid  in  the  region  supphed  by  the 
branches  of  the  trigemiruLs  at  all  'Ihiu*  nums  oeeur  in  wliich  the  hlepharospasm  ttan 
be  made  to  disappear  liy  pressure  u|x>n  one  of  the  ttxstal  cartilage^s  or  the  vertebra?, 
or  u\Km  t*ome  spot  of  the  arm  or  leg,  eie.  Often  the  patient  hirnself  calls  the  piiysieian's 
attention  to  the  position  of  (he  pressure  point*«,  ifie  knowledge  of  which  he  htis  ab'e>ady 
utihzt^d  for  hisi  own  relief.  1  he  must  frequent  ciuHe.s  are  thoi^t^  in  whieh  the  patient 
allays  the  l:»lephiirospa.sfu  by  pressure  u|xjh  tlu^  foreliead,  a  pressure  which  uctn  upon 
the  branches  of  the  supra-^ orbital  nerve.  Young  men  wear  a  hat  with  a  stiff  erown 
whieh  they  press  down  hard  upe:n  their  face;  girls  tie  u  ribbon  tight  aljout  their  head. 
Bat  im  soon  as  the  pressure  ct^a8es — e.  g.^  \)y  tiiking  olT  the  hal — tlie  eyes  shut  together 
again.  In  many  vnäen  the  diversion  of  the  attention  to  other  things  suffiees  to  tem- 
porarily relieve   the  blepha  re  »spasm. 

The  form  of  h^'^terical  blepharospasm,  in  which  the  eyes  remain  quietly  elosed 
witiiout  any  apparent  spasm^  present  a  great  similarity  to  ptosis.  We  can,  however, 
readily  rccognisse  it  to  U*  a  sijauni  if  we  try  to  ojien  the  eye  by  lifting  tlie  upper  lid; 
for  wo  then  feel  the  resiKtance  tliat  the  orlticiiiaris  ofTers  to  the  opening  of  the  eye. 
As  indicative  of  the  contraction  of  this  muscle,  we  see  that  the  skin  of  the  foiehead 
is  ihrowTi  into  vertical  wrinkles,  and  that  the  eyebrows  are  lower  than  usual.  In  ptosis, 
the  skin  of  the  foreheiid^  owing  to  the  contraction  of  the  froBlalis,  shows  horizonl^ 
wrinkles,  and  the  eyebrows  are  somewhat  higher  than  usual  (Fig.  293).  In  the  normal 
elate  the  situation  of  the  eyebrows  corrf^sjmnds  to  the  tipper  margin  of  the  orbit. 

Senik  blepharospasm  is  often  only  one  of  the  symptoms  of  a  general  epasm  of  ihr, 
face  (tic  convuLsif}.  Of  the  two  forms  of  this  spa^nm  t!ie  clonic  variety  is  the  less  dis- 
agreeable for  the  patient,  because  sight  ia  but  little  interfered  with  by  the  eotistant 
wiaking«  In  tonic  spasm  the  eyes  shut  suddenly  and  remain  spasmodically  closed 
for  some  minutes.  If  the  patient  is  attacked  by  this  spa^sm  in  a  crowd,  or  while  cross- 
ing the  street,  or  under  other  sueh  like  conditions,  he  is  helpless  and  exposed  to  the 
likelihood  of  an  aecidi^nt.  Id  senile  blepharospasm,  too,  there  are  frequently  pressure 
points  which  influence  the  spasm. 

Just  as  the  normal  act  of  winking  is  set  up  in  a  reflex  way  by  irritation  of  the 
terminal  extremities  of  the  trigemimis  upon  the  surface  of  the  eyeball,  so,  too,  blepharo- 
»pa^^m  is  in  most  eases  of  reflex  nature.  This  is  beyond  doubt  the  case  in  symptomatic 
blepharospasm,  in  wliich  the  irritation  of  the  trigeminus  due  to  a  foreign  body»  to  in- 
fianmiation,  etc.,  Is  obvious.  Hut  besides  this,  a  reflex  action  starting  from  the  trigem- 
inus must  be  assumcxl  to  exist  in  many  caaes  of  essential  blepharospasm  also*  A  proof 
of  this  is  the  fact  that  pressure  ujion  branches  of  the  trigeminus  so  often  abrogates  the 
blcpharosiiastn,  and  that  at  the  same  time  the  pressure  points  themselve-S  are  often  sen- 
ait  ive  to  pressure.  Treat  merit  has  therefore  the  greatest  prostx^ct  of  success  in  those  ci\sea 
in  which  it  is  possible  to  find  pressure  points,  as  then  we  ca.n  attack  directly  the  start- 
ing point  of  the  reflex  action.  This  is  done  by  applying  the  galvanic  current  to  the 
pressure  points,  or  by  injecting  morphine  at  these  spots.  In  a  girl  in  whom  pres¥ruro  on 
the  vertex  relieved  the  blepharospasm  the  repeal  ed  injunction  of  an  ointment  (verat rine 
ointment)  ujKin  tlda  spot  sutliced  to  do  away  w  ith  the  spasm.  If  no  pressure  points  are 
di:*eoveiable,  we  must  think  of  the  surface  of  the  eyeball  itaelf  as  a  source  of  the  reflex 
action,  and  may  try  to  render  this  insensitive  by  cocaine.  It  is  probable  that  senile 
changr»s  in  the  fa^^iid  lie  at  the  r^iot  of  senile  blepharospasm,  and  hence  the  outlook  for 
a  cure  is  small.  We  first  try  the  galvanic  current  (anode  in  front  of  the  lobe  of  tlie  ear 
on  the  trunk  of  the  facial,  cathode  on  the  naiJc  of  the  neck).  In  addition  we  employ  the 
remtniies  used  against  neuroses  in  general.  »Schloesser  recommends  the  injection  of  alco- 
hol along  the  trunk  of  the  nerve  at  its  point  of  exit  from  the  stylo-mastuitl  foramen.  Of 
operative  measures  that  may  be  njentioned  are  stretching  or  resection  of  those  branchi-a 
of  the  trigeminus  from  which  the  n-flr'X  emanates,  st retelling  of  the  trunk  of  the  facial, 
and  lastly  ncuroiilasty  as  in  facial  paralysis  (,stH^  page  632).  It  is  oidy  in  senile  blepharo- 
flpjL'*ra  that  such  heroic  remedies  will  bt^  adventured  upon,  aa  hysterical  blepharospasm 
always  passes  off  of  itself  in  the  course  of  time. 
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Children  of  from  eight  to  fifteen  years  are  frequently  brought  by  their  parents 
to  the  physician  on  account  of  a  habit  of  conHnucU  winking.  This  happens  not 
infrequently  during  the  occurrence  of  a  sUght  conjimctivitis,  and  keeps  on  inde- 
pendently after  the  latter  has  been  relieved.  For  the  most  part,  in  this  case  we  have 
to  deal  with  rather  ansemic  and  nervous  children.  This  affection — ^frequently  attrib- 
uted to  badness  by  the  parents — usually  passes  off  of  itself  after  some  time. 

Repeated  fibrillary  contractiona  of  single  bundles  of  the  orbicularis,  which  are 
appreciated  by  the  patients  themselves,  occur  very  frequently  in  perfectly  healthy 
persons  with  normal  eyes.    No  sort  of  significance  is  to  be  attributed  to  them. 

2.  Levator  PalpebroB  Superioris. 

Paralysis  of  the  levator  palpebrae  superioris  manifests  itself  by  a 
drooping  of  the  upper  lid  {ptosis  ").  All  degrees  of  ptosis  occur,  from 
a  just  noticeable  depression  of  the  upper  lid,  to  a  prolapse  of  it  so  com- 
plete that  it  hangs  down  quite  relaxed  and  devoid  of  wrinkles,  and 
covers  the  whole  eyeball.  The  higher  degrees  of  ptosis,  in  which  the 
lid  hangs  down  in  front  of  the  pupil,  interfere  with  vision,  unless  the 
patient  lifts  up  the  lid  with  his  finger,  or  unless  it  is  possible  for  him 
to  draw  it  up  sufficiently  by  a  forced  action  of  the  frontalis  muscle. 
By  the  contraction  of  the  latter  the  forehead  is  wrinkled  and  the  skin 
over  it  is  thus  contracted,  so  that  the  eyebrows  and  indirectly  the  upper 
lid  as  well  are  elevated  (Fig.  293).  But  since  this  elevation  is  not  suffi- 
cient, the  patient  is  in  addition  compelled  to  throw  his  head  back,  because 
then  in  looking  forward  the  eyes  are  directed  down,  and  thus  the  pupils 
get  to  lie  in  the  palpebral  fissure  even  though  it  is  low.  The  wrinkled 
forehead,  updrawn  eyebrows,  and  backward  pose  of  the  head  are  char- 
acteristic of  persons  with  bilateral  ptosis. 

Ptosis  is  either  acquired  or  congenital  in  its  occurrence.  Acquired 
ptosis  may  be  caused  by  a  lesion  either  of  the  muscle  itself  or  of  the 
nerve  supplying  it.  The  former  condition  is  most  frequently  due  to 
injuries,  the  latter  to  lesion  of  the  oculo-motor  nerve,  since  the  nerve  sup- 
plying the  levator  is  a  branch  of  the  latter,  and  hence  ptosis  is  often  found 
in  conjunction  with  paralysis  of  other  muscles  supplied  by  the  oculo-motor 
nerve.  The  cases  of  isolated  ptosis  without  any  other  signs  of  oculo-motor 
paralysis  are  caused  mainly  by  central  disease. 

In  congenital  ptosis  the  levator  palpebrae  superioris  is  found  to  be 
either  deficiently  developed  or  entirely  absent.  In  contradistinction  to 
acquired  ptosis,  which  usually  affects  only  one  ey«,  congenital  ptosis  is 
generally  bilateral.  Not  infrequently  is  it  transmitted  by  inheritance 
through  several  generations. 

As  regards  the  treatineniy  our  endeavor  should  be,  in  acquired  ptosis, 
to  find  out  the  cause  of  the  paralysis  and  remove  it  by  suitable  meas- 
ures. But  if  we  have  to  do  with  a  ptosis  which  has  already  become  in- 
veterate, or  if  it  is  congenital,  an  improvement  of  the  condition  can  be 
obtained  only  by  way  of  an  operation  (see  section  on  Operations, 
§173). 

^*  From  v(«Tctr,  to  fall. 


Flo.  29:t, — LLrr-BiuLu  ProatB« 


The  pto«i«  WM  not  complete*,  but  ju»t  fijv&i  eiiougrh  for  the  upp«r  lid  to  <^ver  thts  pupil.  Now 
m»  tliP  \vtt  «ye  w«»  the  b«ttpr  of  the  two.  th«?  puTiewt,  in  oril*T  lo  *»eo  wüh  it.  lift«!  hin  114  t>y  wintract- 
injit  the  frotiialiA  muAcl«.  ile  wo.^  not  ahb,  however,  to  do  thin  on  the  left  Ajtle  alone^  hut  wrinklH  hi« 
furehMid  alt  over,  no  that  the  eyebrows  are  elevfttcnl  on  both  sidesn,  llenc^,  too.  tl*e  right  upper  Url  i« 
drawn  unUHUally  high  yp.  !w  rhat  a  Nthp  of  »clera  can  be  «een  expofled  above  the  cornea,  and  the  dif* 
ferenre  between  the  two  pnfpi'bral  hjäurea  ha^  bpcooie  eveo  mof«  ttrilcmg  thiui  before.  The  pupil  of 
the  nght,  amblyopic  eye  1.1  diiiateÜ. 


In  acquired  piosü  a  similar  sympathetic  movement  of  the  lid,  and  one  that  in  this 
instance  occurs  conjointly  wilh  movetncnts  of  the  ey<4mll.  in  «Kserved  not  infrequently. 
This  is  found  in  cases  of  ocdo-motor  parnlyists  of  t-ontnil  urijitin,  and  it  tjtkes  place  in 
the  following  way:  The  ptosis  ntt«inK  its  hi|a:hest  pitch  m  abduction  of  the  vye\  while 
in  adduction  (or  iit  the  attempt  at  addijctiofi  if  the  internal  rectus  is  completely  para- 
lyzed), it  dimtnishcB,  or  disappoarH  altogether,  or  even  at  times  is  converted  into  the 
opposed  condition»  so  that  the  upfjcr  lid  Hmcs  abnormalJy  high,  frhis  occurs  not  only 
in  centt^l  ociilo-motor  paral\'^is,  hut  aim  in  peripheral  [mralyses  of  the  eye  muscles, 
including  especially  congenital  paralysis  of  the  external  rectus  due  to  actual  deHciency 
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of  the  muscle.  In  this  latter  set  of  cases,  and  rarely  in  some  of  the  others,  the  ptosis 
occurs  in  adduction,  not  in  abduction.  In  some  of  these  cases,  at  any  rate,  it  is  not  s 
true  ptosis  that  is  in  question,  but  a  contraction  of  the  orbicularis,  marked  by  a  sink- 
ing of  the  upper  and  a  rising  of  the  lower  lid. — D.] 

There  is  a  «ort  of  ptosis  that  develops  without  known  cause  in  women  (very  rarely 
in  men)  of  middle-age.  It  is  always  bilateral,  and  sets  in  so  gradually  that  not  dU  after 
a  series  of  years  is  it  pronounced  enough  to  cause  any  considerable  interference  with 
vision.  In  these  cases  it  is  not  a  paralysis  of  the  nerve,  but  a  primary  atrophy  of  muscle 
itself  that  is  present  (ptosis  myoplhica). 

Mechanical  means  have  been  recommended  for  lifting  the  lid  in  ptoos,  including 
the  jamming  of  a  monocle  into  the  eye,  and  the  pushing  up  of  the  upper  lid  by  a  fine, 
properly  curved  gold  wire  which  is  either  attached  to  an  eye-glass  frame  or  springs 
apart  on  the  plan  of  a  spring  speculum  (Fig.  397),  and  which  catches  up  a  fold  of  the 
skin  on  the  lid  and  by  means  of  this  lifts  the  lid.  But  these  devices  have  met  with  but 
scant  approval  and  should  be  recommended  only  for  cases  in  which  the  patient  abso- 
lutely cannot  make  up  his  mind  to  have  an  operation  done. 

The  name  of  ptosis  is  incorrectly  used  for  conditions  which  have  nothing  to  do 
with  an  affection  of  the  levator  palpebrae  superioris — e.  g.,  when  the  upper  lid  droops 
because  it  has  become  heavier  in  consequence  of  thickening  due  to  trachoma,  new 
growths,  etc.    So,  too,  ptosis  adiposa  (page  627)  does  not  belong  with  genuine  ptosis. 

Both  paralysis  and  spasm  are  also  observed  in  the  unstriated  levator  or  mitsadus 
tarscUis  superior  of  Müller.  Paralysis  of  this  muscle  underlies  that  slight  ptosis  which 
is  one  of  the  group  of  symptoms  due  to  paralysis  of  the  sympathetic  (see  page  433); 
and  also  underlies  ptosis  trachomatosa.  Spasm  of  the  muscle,  manifested  by  drawing 
up  of  the  upper  Üd  and  dilatation  of  the  palpebral  fissure,  can  be  excited  artifi-  > 
cially  by  instilling  cocaine.  [See  also  page  433.]  Moreover,  according  to  some,  the  . 
elevation  of  the  upper  lid  in  Basedow's  disease  is  due  to  spasm  of  MüUer's  muscle.     / 

[Such  a  blepharodiastasis  or  condition  in  which  the  palpebral  fissure  is  wider  open' 
than  usual  may  also  be  caused  by  a  complete  tenotomy  with  retraction  of  the  superior 
or  inferior  rectus  (see  page  618).  On  the  other  hand,  slight  ptosis,  or  at  least  narrowing 
of  the  palpebral  fissure,  may  be  produced  by  advancement  of  these  muscles  or  by 
paralysis  not  due  to  tenotomy  (see  page  618). 

An  apparent  ptosis  is  produced  when  the  eye  recedes  into  the  orbit. — D.] 

VI.  Injuries  op  the  Lids. 

115.  Injuries  of  the  lids  of  all  kinds,  including  simple  contusions, 
incised,  lacerated,  and  contused  wounds,  bums  by  heat  or  caustics,  etc., 
are  very  frequent.  A  peculiarity  of  these  injuries  that  needs  to  be 
emphasized  is  that,  because  of  the  great  elasticity  of  the  skin  of  the 
lids  and  their  loose  attachments  to  the  subjacent  parts,  both  ecchymosis 
and  oedema  in  the  injured  lids  are  usually  much  more  considerable  than 
after  a  similar  injury  in  other  parts  of  the  body.  Accordingly,  we  must 
not  allow  ourselves  to  be  frightened  merely  by  the  great  swelling  and 
bluish-black  discoloration  of  the  lids,  as  these  appearances  are  often 
enough  produced  by  comparatively  slight  contusions.  On  the  contrary, 
the  diagnosis  and  prognosis  should  not  be  pronounced  until  after  a 
careful  examination.  In  this,  three  points  are  chiefly  to  be  considered: 
Solutions  of  continuity  of  the  skin  of  the  lids,  injury  to  the  subjacent 
bones,  and  injury  of  the  eyeball. 

Solutions  of  continuity  of  the  skin  of  the  lids  present  a  varying 
aspect  according  to  their  direction.     Those  which  run  horizontally — 
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^,  pftrallel  to  the  line  of  fibers  of  the  orbicularis — gape  but  little^  so 
that  the  Ups  of  the  wound  often  he  in  apposition  spontaneously.  But 
if  the  cut  or  rent  runs  in  a  direction  perpendicular  to  the  Ebers  of  the 
orbicularis,  the  wound  gaf>es  widely  in  consequence  of  the  retraction  of 
the  divided  bundles  of  the  muscle*  Consequently,  the  cicatrices  after 
horizontal  wounds  of  Uie  skin  of  the  lids  are  scarcely  visible»  while 
those  after  verlicat  incisions  are  conspicuous  and  disfiguring,  Hence, 
in  operations  upon  the  lids  the  rule  is  laid  dowTi  that  all  incisions 
should,  wherever  possible,  be  made  parallel  to  the  course  of  the  fibers 
of  the  orbicularis.  The  worst  wounds  are  those  which  sever  the  lid  in 
a  vertical  direction  through  its  entire  thickness.  If  these  do  not  unite 
by  first  intention,  there  remains  an  indentation  of  the  border  of  the 
lid,  or  even  a  deep  triangular  incision  in  it  {coloboma  palpebrsc  trau- 
maticuni).  By  this  the  complete  closure  of  the  lid  is  rendered  impos- 
sible, so  that,  in  addition  to  the  disfigurement ,  a  permanent  epiphora 
results  from  the  injury. 

The  presence  of  an  injury  0/  the  subjacenl  bone  is  determined  by 
palpating  the  margin  of  the  orbit  with  the  finger  through  the  swollen 
lid.  A  fracture  of  the  orbital  nmrgin  is  manifested  by  unevenness  and 
special  sensitiveness  at  some  spot,  symptoms  to  which  in  many  cases 
is  added  distinct  crepitation.  A  certain  sign  of  injury  of  the  bone  is 
emphysema  of  the.  lids.  This. consists  in  the  entrance  of  air  into  the 
cellular  tissue  beneath  the  skin  of  the  lid.  The  lids  then  have  a  pe- 
culiar soft  feeling  like  a  feather  bed.  and  at  the  same  time  we  get  in 
the  palpating  finger  a  sense  of  crepitation  due  to  the  displacement  of 
bubbles  of  air  beneath  the  pressure  of  the  finger.  The  air  comes  from 
the  cavities  surrounding  the  orbit — most  often  from  the  ethmoid  cells. 
Its  presence  in  the  subcutaneous  cellular  ti,ssue  of  the  lids  hence  pre- 
ßUppo.ses  some  abnormal  communication  between  the  latter  and  these 
cavities,  such  as  can  have  originated  oidy  through  a  fracture  of  the  bone. 
When  then»  by  blowing  the  nose,  straining,  and  coughing,  the  air  in  the 
nose  and  its  accessory  cavities  is  put  under  greater  pressure,  it  is  forced 
into  the  subcutaneous  cellular  tissue,  and  thus  emi)hysema  is  produced 
(see  5  133). 

An  added  significance  is  imparted  to  w^ounds  of  the  lids  from  the 
fact  that  by  their  mutilation  the  eye  itself  may  be  exposed  to  danger. 
Through  cicatricial  contraction  of  the  lids,  or  the  formation  of  fissures 
in  them*  lagophthalmus  and  consequently  inflammation  of  the  cornea 
may  be  set  up. 

The  ircQimeni  of  injuries  of  the  Hds  is  carried  on  according  to  gen- 
eral surgical  rules.  In  simple  ecchymosis  w^e  apply  cold  compresses 
with  lead  water.  In  emphysema  of  the  lids  the  air  contained  in  the 
tissues  usually  undergo  resorption  without  causing  any  ill  results. 
To  accelerate  absorption  a  compressing  bandage  is  indicated;  at  the 
same  time  the  patient  must  avoid  straining,  blowing  the  nose,  etc.,  in 
order  not  to  drive  fresh  charges  of  air  into  the  tissue.  Recent  wounds, 
42 
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the  edges  of  which  are  not  too  greatly  contused,  are  best  united  at  once 
by  sutures.  In  wounds  the  edges  of  which  are  destroyed  by  contusion 
and  the  like,  we  apply  an  antiseptic  dressing  and  wait  for  the  necrotic 
portions  to  be  cast  off.  The  same  rule  holds  good  for  bums  and  in- 
juries caused  by  caustic  substances.  After  the  elimination  of  those 
portions  of  the  skin  that  have  been  destroyed,  granulating  raw  surfaces 
are  presented  to  view  which  cicatrize  over  and  thus  lead  to  a  contrac- 
tion of  the  lids.  To  combat  this,  we  proceed  precisely  as  has  been  laid 
down  for  the  treatment  of  destruction  of  the  skin  by  inflammation 
(see  page  624), 

Ecchymoaea  are  usually  pretty  sharply  limited  at  a  line  corresponding  to  the  mar- 
gin of  the  orbit,  because  the  skin  is  attached  to  this  by  rigid  connective  tissue  whidi 
prevents  the  further  advance  of  the  blood..  On  the  other  hand,  the  blood  not  infre- 
quently travels  beneath  the  skin  of  the  dorsum  of  the  nose  over  to  the  other  side.  An 
ecchymosis  is  then  found  in  the  lids  of  the  other  eye  also.  As  the  skin  upon  the  dorsum 
of  the  nose  is  thick,  it  frequently  does  not  permit  the  blood  to  be  seen  through  it,  so 
that  we  do  not  notice  the  bridge  connecting  the  ecchymosis  of  one  eye  with  that  of 
the  other.  We  might  then  easily  be  induced  to  believe  that  the  injury  had  affected 
the  other  eye  also,  a  thing  which,  however,  can  be  excluded  with  certainty  in  many 
cases — e.  g.,  when  sugillation  of  the  lids  of  one  side  sets  in  after  enucleation  of  the 
other  eye. 

A  similar  migration  of  extravasated  blood  is  observed  in  fractures  of  the  base  of 
the  skull.  The  blood  oozes  forward  from  the  site  of  the  fracture  and  travels  along  the 
floor  of  the  orbit.  It  then  makes  its  appearance  some  time  after  the  injury  under  the 
form  of  an  ecchymosis  in  the  lower  part  of  the  conjunctiva  of  the  eyeball,  and  alsa 
on  the  lower  lid  close  to  the  margin  of  the  orbit,  particularly  in  the  region  of  the  inner 
angle  of  the  eye.  This  symptom,  although  it  is  not  presenl  in  all  cases,  is  of  great 
importance  for  the  diagnosis  of  fractures  of  the  base. 

Spontaneoiis  ecchymoses  sometimes  occur  in  the  lids,  in  the  same  way  as  they 
do  in  the  conjunctiva,  from  violent  straining,  excessive  coughing,  and  the  like. 

Extravasations  of  blood  into  the  lids,  instead  of  disappearing  by  resorption,  may 
go  on  to  suppuration,  so  that  an  abscess  of  the  lids  develops.  This  is  particularly 
to  be  apprehended  when  there  is  at  the  same  time  a  solution  of  continuity  of  the  skin 
of  the  lids,  through  which  infectious  germs  may  penetrate  into  their  tissue. 

VII.  Tumors  of  the  Lids. 

116.  (a)  Benign  Tumors. — Xanthelasma^  is  a  flat  tumor  of  a 
dirty  sulphur-yellow  color  and  projecting  but  little  above  the  skin  of  the 
lid.  It  is  found  most  frequently  on  the  upper  and  lower  lids  in  the 
neighborhood  of  the  inner  angle  of  the  eye.  In  this  situation  the  tumors 
are  often  located  symmetrically  on  the  two  sides  of  the  eye,  like  the 
yellow  spots  above  the  eyes  of  the  dachshund.  Xanthelasmata  occur  in 
elderly  persons,  particularly  of  the  female  sex.  They  grow  very  slowly^ 
and  have  no  bad  results  besides  the  disfigurement  they  cause,  which, 
moreover,  affords  the  only  reason  for  their  removal  by  operation,  as  is 
sometimes  done. 

Molluscum  contagiosum  is  a  small,  rounded  tumor,  the  surface  of 
which  is  somewhat  flattened  and  has  an  umbilicated  depression  in  its 

^  From  ^oyMf ,  yellow,  and  iXnaiia,  plate.    It  is  alao  called  xanthoma. 
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snter.  From  this  a  substance  resembling  sebum  is  evacuated  upon 
ressure.    This  form  of  molluscum  is  contagious. 

MoUuscum  simplex  (fibrous  molluscum)  is  a  tumor  of  the  skin 
which  is  attached  by  a  pedicle  to  the  skin  of  the  lids  and  hangs  down 
like  a  pouch. 

Warts  and  cutaneous  horns  are  alio  ob&erved  on  the  lids. 

Among  cystSf  niilia,  atheromata,  and  dermoid  cysts  oci^un  The 
latter,  which  may  attain  pretty  iarge  dimensions,  will  receive  a  more 
detailed  description  under  the  head  of  affections  of  the  orl>it  (§  135). 
On  the  borders  of  the  lids  snialb  transparent  cysts  are  frequently  met 
with  (Fig,  66),  which  have  developed  from  occluded  sweat  glands  in  the 
border  of  the  lid  (glands  of  Moll), 

The  vascular  tumi>rs  (angiomata)  are  found  in  the  lids  under  the 
two  forms  of  telangiectases  and  of  tu  mores  cavernosi.  The  former  are 
bright-red  spots  situated  in  the  akin  of  the  lid  itself,  and  are  composed 
of  dilated  and  tortuous  blood-vessels.  The  latter  lie  beneath  the  skin 
of  the  lid.  which  they  bulge  forward  and  through  which  they  can  be 
seen  shining  with  a  bluish  luster.  They  consist  of  closely  aggregated, 
large,  venous  cavities,  Avhich  can  be  felt  and  compressed  through  the 
skin;  the  arteries  running  to  the  tumors  are  dilated.  Vascular  tumors 
are  usually  congenital,  but  they  develop  still  more  extensively  after 
birth,  and  sometimes  attain  such  a  size  that  they  cover  a  great  part  of 
the  face,  and  are  also  continued  backward  into  the  conjunctiva  and  the 
tissues  of  the  orbit.  Hence  they  should  be  removed  as  early  as  possible. 
In  doing  this  our  principal  care  must  be  to  destroy  the  skin  of  the  lids 
over  as  small  an  area  as  possible»  as  otherwise  we  might  get  shrinking 
of  the  skin,  with  ectropion  and  lagophthalmus.  We  destroy  small 
telangiectases  by  cauteriKing  them  with  fuming  nitric  acid  or  by  heat, 
applied  by  means  of  the  thermo-cautery  or  the  galvano-cautcry  loop. 
Larger  tumors  are  to  be  removed  by  excision,  in  case  too  much  skin 
does  not  have  to  be  sacrificed  in  doing  it.  In  the  latter  event  electrolysis 
is  to  l>e  preferr€»d.  The  positive  pole  nf  a  constant-current  battery 
under  the  form  of  a  plate  electrode  is  placed  upon  the  temple,  and  then 
the  current  is  pas-sed  tlirough  the  circuit.  The  negative  pole  is  armed 
with  a  needle  which  is  plunged  into  the  tumor.  The  current  is  now 
turned  on,  and  soon  bubbles  of  gas  begin  to  escape  along  the  needle 
out  of  the  puncture  made  by  it.  The  needle  is  then  withdrawn,  and 
the  same  procedure  is  repeated  at  another  point  of  the  tumor.  Owing  to 
the  decompo.sition  of  the  tissue  fluids  produced  by  the  galvanic  current, 
the  blood  coagulates  in  the  vessels,  which  consequently  become  obliter- 
ated.  Several  sittings  arc  always  required  for  the  complete  removal  of 
the  tumor. 

(b)  Malij^natit  Tumors.^ — Cardnomata  occurring  in  the  lids  are,  as 
a  rule,  epitheliomata,  which  start  from  the  skin  of  the  lid,  particularly 
from  that  of  the  border.  Subsequently  they  pass  over  upon  the  eyeball 
and  even  penetrate  into  the  depth  of  the  orbit.     Sarcomata  develop 
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from  the  coanective-tissoe  portion  of  the  lids.  The  pigmented  melano^ 
sarcomata  most  ofttni  cl(*velop  from  a  congenital  niEVUs  of  the  skin  or 
conjunctiva.  With  malignant  tumors  we  find  an  enlargement  of  the 
neighboring  lymphatic  glands,  occurring  first  in  the  gland  in  front 
the  ear»  afterward  in  the  glands  along  the  lower  jaw  and  in  the  necl 
Superficial  epithelioinata  may  be  cured  by  treatment  with  Ron^ 
gen  rayn  or  with  radium,  l>ut  this  takes  a  long  time  and  doe^  not  aflford  a 
perfect  protection  against  recurrences.  Moreover,  the  sight  may  mifTer 
through  injury  t^  the  retina.  The  quickest  and  surest  treatment  is  extir- 
pation, providt^d  that  it  is  made  thoroughly,  i,  e,,  far  enough  into  the  sound 
parts;  one  should  keep  at  least  a  centimetre  outside  of  the  visible  or  pal- 
pable border  of  the  neoplasm.  If  in  its  performance  so  much  of  the  li 
must  be  sacrificed  that  the  eyeball  as  a  consequence  remains  uncove 
a  substitute  for  the  palpebral  skin  that  has  been  destroyed  must  be  pro- 
curetl  by  a  blepharoplasty  done  immediately  after  the  removal  of  th% 
new  growtli.  In  extensive  tumors  it  is  often  necessary  to  remove  t 
ej'^eball,  and  even  the  entire  contents  of  the  orbit. 

The  dat  cancers  of  the  skin  tl 
not   infrequently  occur  upon  the 
require  partirular  mention.     In  th 
ra-ws   there   Ls   foun<l  a  shallow  ule 
with    an    uneven   floor  and   irref^ilafj 
ratluT  bard  walls.    The  infiltration 
the  wiUIh  of  the  ulcer  is  the  only  char-^ 
ai"  ten  Stic  siRn,  for  there  is  no  tumor  in 
the  proper  sense  of  the  word,  ; 
this    reason    inexperiencetl    ob 
rearhly  mistake  the  true  nature  < 
lesion,  which  is  nothing  el^    tlmti  tm 
epithelial    carcinoma.      The    ulcer 
vanres  in  one  direction  while   it   cic« 
trizes  on  the  side  opixjsitc.  for  whid 
reason  it  has  Wen  called  by  the 
of  ulm^  rodens,    Ita  progress,  howe^T! 
h*  extremely  slow^  so  that  such  tumo 
often  last  many  years  before  att 
any  Rreat  size. 

In  consideration  of  the  complirat4 
Btructure  of   the  lids  in  which  ?uch 
manifold  variety  of  tis?uo  ttikei?  part,  it  should  not  surprise  us  that  the  most  diissimib 
kinds  of  tumors  sliould  at  times  come  under  observation  in  them.    As  rare  oecurreno 
t  here  have  been  observer!  IvTiiphomata,  fibromata,  encliondromata,  myxomata,  lipomata, 
cavernous  l3rmphangiomata,  plexiform  nouro-fibromata  (page  476),  adenomata  of  the 
sebaceous  glands»  of  the  Meiboiidan  glands,  of  the  glands  of  Krause»  of  the  sweat  glands, 
and  of  t,he  glands  of  Moll,  and  lastly  glandular  carcinomata. 


lumor  ID 
ne  öW^^^^ 


Fig*  SCM,— CoMQKwiTAL  Coioboma  or 
Uri'KH  Tat». 


VIL  Congenital  Anomalies  of  the  Lidb« 

117,     By  colobama  of  the  lids  is  meant  a  fissure  in  it,  ha\"ing  approi 
iiHtttc4y  the  eliapo  of  a  triangle,  the  base  of  whieh  corresponds  to 
burder  of  the  lid,  while  its  apex  looks  towards  the  margin  of  the  or 
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Colulxjma  is  eitht^r  congenital  (colohoraa  eongenitum)  or  is  acquired, 
lieing  then  produced  by  injury  (eololxjma  traumaticom).  Ctmp;eiiital 
colobonm  (Fig.  294J  h  on  the  whole,  rare,  and  is  observed  oftener  in  the 
upper  than  in  the  lower  lid.  iSomeiinieö  it  is  found  in  conjunction  with 
a  dermoid  tumor  of  the  cornea  (see  page  209). 

Under  the  name  of  epicanihus  is  denoted  a  fold  of  skin  which  juts 
out  on  both  sides  of  the  dorsum  of  the  nose  and  projects  over  the  inner 
angle  of  tlie  eye  so  as  to  partly  cover  it.  In  the  Mongolian  race  a  mod- 
erate degree  of  epicanthus  \a  the  rule,  and  produces  the  (characteristic 
appearan'*'^  of  the  palpeltral  f^issure  in  these  jxiople.  In  the  Caucasian 
race  there  is  not  infre^iuently  observed  in  children  a  slight  degree  of 
epicanthus,  which  disappears  again  when,  in  the  process  of  growth, 
the  dorsum  of  the  nose  becomes  more  prominent*  Higher  degrees 
of  epicanthus,  which  persist  all  through  life,  must  be  regarded  as  a 
malforniation,  and  are  sometimes  found  in  connection  with  other  con- 
genital defects  (e.  g.,  ptosis).  The  fold  of  skin  forming  the  epican- 
thus  disapjiears  if  with  our  fingers  we  pick  up  the  skin  upon  the  dorsum 
of  the  nose  into  a  vertical  fold  and  thus  shorten  it  hon>.ontally.  Upon 
this  observation  depends  the  operation  for  epicanthus  recommended 
by  Ammon,  which  consists  in  the  excision  of  an  elliptical  piece  of  skin 
upon  the  dorsum  of  the  nose.  We  may  also  excise  the  projecting  fold  of 
skin  itself, 

Amon^  anomalies  of  the  lids  which  are  aomet lines  of  congenital  oi?current!«*,  the 
fciUrjwing  nho  iiiast  !ie  iiipntionecJ;  Ptosis,  disiicliijiKis,  abnormal  narrowness  of  the 
lids,  and,  as  the  cxln^nie  thgw-a  of  i]w  latter  ronditHiti,  entire  aliscner  of  th«i  lids  (jitiie- 
ptiaria);  furthermore,  spnl>lepharon,  ankylotilepliaron,  and  the  eondilion  in  which 
the  eye  is  eompletcly  covered  by  the  external  skin,  the  ktter  replacing  tJie  lida  and 
forming  a  »iniform  covering  for  the  aperttjre  «»f  tlie  orbit  (cryptophthalmy»  of  Zeheoder); 
and,  laatly,  cysts  in  the  lower  lifi,  in  the  case  of  microphthalmus. 


CHAPTER  XIII. 
DISEASES  OF  THE  LACHRYMAL  ORGANS. 

Anatomy  and  Physiology. 

118.  The  lachrymal  organs  consist  of  the  lachrymal  gland  and  the 
lachrymal  passages. 

The  lachrymal  gland  (glandula  lacrimalis)  is  an  acinous  gland  with 
short,  branched  gland  tubules.  It  consists  of  two  divisions,  the  larger, 
known  as  the  superior  lachrymal  gland,  lying  in  the  upper  outer  angle  of 
the  orbit  in  a  depression  in  the  bony  wall  of  the  latter,  the  fossa  glandular 
lacrimalis.  Excretory  ducts  of  the  superior  lachrymal  gland  pass  down- 
ward and  empty  into  the  outer  half  of  the  superior  fornix  conjunctivae. 

The  second  division  of  the  lachrymal  gland — the  inferior  lachrymal 
gland — is  much  smaller,  and  consists  only  of  one  or  two  lobules,  for 
which  reason  it  is  also  known  as  the  accessory  lachrymal  gland.  Its 
lobules  lie  along  the  excretory  ducts  of  the  superior  gland  directly  be- 
neath the  mucous  membrane  of  the  fornix  (Fig.  295).  If  the  upper 
lid  is  everted  and  at  the  same  time  the  eye  is  made  to  look  downward, 
we  often  see  the  conjunctiva  of  the  fornix  in  the  vicinity  of  the  outer 
angle  of  the  lid  pushed  forward  by  a  soft  mass  which  is  in  fact  the  ac- 
cessory lachrymal  gland.  Krause's  glands  (see  Fig.  283,  kr,  and  Fig. 
295)  forms  a  sort  of  continuation  of  the  lobules  of  the  inferior  lachrymal 
gland  over  the  fornix  as  far  as  its  inner  end.  Their  structure  is  that 
of  the  lachrymal  gland,  so  that  they  may  be  regarded  as  the  ultimate 
scattered  outlying  portions  of  the  latter. 

The  lachrymal  passages  begin  with  the  puncta  lacrimalia.  These 
lie  on  the  free  border  of  the  upper  and  lower  lid  (upper  and  lower  punc- 
tum) and  near  the  inner  extremity  of  the  lid  at  the  spot  where  the 
tarsus  terminates  (Fig.  295).  They  are  situated  upon  small  elevations, 
the  lachrymal  papillae  (papillsD  lacrimales),  and  form  the  orifices  of  the 
canaliculi  lacrimales.  These  latter,  starting  from  the  puncta,  run  at 
first  vertically  for  a  short  distance — i.  e.,  in  the  upper  lid  run  upward 
and  in  the  lower  lid  downward — then  they  bend  at  a  right  angle  and 
become  directed  toward  the  lachrymal  sac.  In  so  doing  they  first  pass 
behind  the  caruncle,  and  converging  more  and  more,  at  length  reach 
the  lachrymal  sac.  Into  this  they  empty,  either  separately  or  after 
having  united  to  form  a  short  common  trunk. 

The  lachrymal  sac  (saccus  lacrimalis)  lies  in  the  inner  angle  of  the 
eye  in  the  cleft  (fossa  sacci  lacrimalis)  which  the  lachrymal  bone  forms 
for  its  reception.  The  lachrymal  bone  bounds  the  lachrymal  sac  (S, 
Fig.  284)  nasally,  while  to  the  front  and  temporally  it  is  inclosed  by  the 
two  branches  of  the  ligamentum  palpebrale  mediale  (v  and  Ä,  Fig. 
284).  This  relation  of  the  lachrymal  sac  to  the  internal  palpebral 
602 
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ligament  enables  us  to  determiee  the  position  of  the  former— a  mat- 
ter which  is  of  importance  when  operations  are  concerned.  If  by  draw- 
ing the  hds  outward  we  put  them  on  the  stretch  and  so  cause  the  pal- 
pebral ligament  to  project,  the  lachrymal  sac  lies  behind  the  latter,  and 
in  such  a  way  as  to  rise  just  above  it  by  its  cupola  or  fundus  (Fig.  295), 
At  the  spot  where  the  cleft  of  the  lachrymal  bone  merges  into  the 
>ny  canal  the  lachrymal  sac  passes  into  the  nasal  or  lachfijmal  duct 


m<: 


QW 


FlO.  205. — SCPTCM    OUBITALK    AMU    LACmiYMAL   &AC.      SalUTtd   sile. 

I  and  the  muscular  fW^vm  of  tht»  orhinulari»  have  b<»en  removcMrJ  fmni  \h^  M<n  and  tl^<^  pmrim 

[  them,  Mj  I  hat  the  f*'ptiifii  orhitule  he«  expO!H?ii  to  view  within  the  bony  circumf<*rf*nc*  of 

,_„_i  cavity.    Th<?  srpiujTi  «orbitale  conjii.-it*  of  the  tai>Ufl,  vhitrh  in  broiidvr  in  the  upper  hd,  nar- 

•  tn  ihe  lower,  and  of  the  fascia  tarso-orbilahs.    The  external  axiremities  of  th«  tarsi  are  altachhed 

e  broad,  but  not  very  den*e  rhaphe  palpabrahN  latcrnhi*  to  the  malar  bone,  somewhat  below  th* 

tttUTBt  N,  botweon   this  hone  and  the<  ityK^^mafifl  proves?*  of  the  frontal  bope.    The  internal  palpebral 

licameiit  is  narrow,  but  stout;    its  atitrrior  litiib,  which  i«  tlic  only  otie  viaibk  in  the  drawing^  run» 

from  the  frontal  prnn^e*«*  of  the  superjnr  maxilla,  S,  outward,  and  divide«  so  a«  to  b«  in(*ert«d  into  th«» 

inner  extremities  of  both  the  upper  and  lower  tarwil  eartilages«.     (At  the  point  of  itmertioti  is  »een 

the  M>mewbat  projecting  papilla  laerinmh».)     The  fascia  tarso-orbitalia,  represented  in  (he  drawin« 

by  the  radial  lines  of  fthaditie,  riiti;«  from  the  eonvex  border  of  both  tarsal  cartilages,  and  from  the 

palpebral  ligamenti».  to  the  margin  of  the  orbit»  and  together  with  the««  partn  dosa^  in  the  orbit  in 

front,     lite    tarsal   cartilaffe.H   and    the  faseia  are  here  «uppo^ed  to  be  transparent.     Hene«,  in  the 

former  there  can  be  feen  the  Meibomian  iclaiid«.  which,  in  mnsonance  with  the  varyin^r  breadth  of  the 

tarsuü^  djmtniith  in  height  tram  I  tie  center  of  the  latter  to  its  two  ends.     Moreover,  m  the  upper  lid 

three  adnous  glatid^  icf.  Fig.  2^1,  u)  are  visibde  along  the  upper  border  of  the  taraus.    Sfilll  higher 

up,  a  curved  line  ^how«  th**  situation  of  the  fornix  conjunct ivie.     Upon   the   fomiic,  enpecially  in  it.^ 

nasal  half.  Lie  the  acinoti»  glands  of  Krause,  white  in  the  tejxtporal  half  of  the  tarsus  «r«  found  loh- 

lies  »imilar  in  charnt^ter»  hut  more  denN.»ly  packetl,  repre««ntmK  the  infrrior  lachrymal  gland.     This 

EÜoinn  the  excretory  ducts  of  the  superior  fBchr>Trud  gland,  whose  anterior  hortler  conies  into  sight 

St  below  the  upper  marsrin  of  the  orhit.     At  the  inner  and  lower  margin  of  tlie  orbit  the  l>one  ha» 

.«>n  chiseletl  away  to  show  the  lachrvmal  passages.    The  lachrymal  sac  liem  behind  the  internal  pal- 

ebral  ligament,  its  apex  nsiitg  a  liitle  above  the  latter«    The  line  that  in  the  drawing  run»  straight 

pward  from  the  apex  of  the  lachrymal  «ar  to  the  horinontal  suture  \n  the  suture  between  the  frontal 

iroce«s  of  the  superior  maxilla  and  the  lachrytnal  iKine,  upon  which  two  bones  the  lachrymal  sao  reata 

ef.  Fig,  3H4,  F  and  T).    T\w  lariirjTTifll  ?«ac,  after  undergomg  a  slight  constriction,  pame«  into  the  naial 

'uet.     To  the  oiitsitle  of  this  in  the  antnmi.  of  Hi^slimoret  A,  which  has  been  opened  up  aiwf  is  acoesaibi« 

view.     Z,  suture  between  the  superior  maxilla  and  the  malar  bone.     F,  snpra-orbilal  foramen. 


(ductus  lacrimalis).  The  point  where  this  transition  occurs  constitutes 
the  narrowest  part  of  the  whole  lachrymal  channel  (Fig.  295),  and  is 
therefore  particularly  liable  to  the  formation  of  pathological  contrac- 
tions (strictures).  From  this  point  the  lachrymal  duct  passes  down- 
ward and  empties  into  the  nasal  fossa  helow^  the  inferior  turbinated 
body.  In  its  downward  course  the  lachrymal  duct  deviates  a  little 
»backward  and  outward  from  the  vertical.     Hence,  the  two  lachrymal 
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channels  diverge  as  they  go  down,  the  kchrymal  sacs  being  less  far 
apart  than  are  the  lower  orifices  of  the  hichrymal  duct«.  We  can  rep- 
resent the  course  of  the  lachrymal  channel  on  the  li\^ng  subject  by 
placing  a  straight  sound  in  such  a  way  as  to  lie  at  its  upper  part  upon 
the. middle  of  the  internal  palpebral  ligament»  and  below  upon  the  fur- 
row forming  the  boundary  line  between  the  cheek  and  the  alse  of  the 
nose  [see  Fig.  296].  This  sound  gives  precisely  the  direction  of  the  lach- 
rymal duct  (Arlt).     If  we  place  a  sound  in  this  way  on  each  side  of  the 


^fli 


^- 


[Fig,  296.— 81SCTION  of  CÄNALff^FU.  L4cii»tmai.  Sac.  *Nr»  Naral  Duct.   (De  W«cker.) 
Aft^r  Moirifl;  and  Oliver. — DJ 

nose,  we  see  how  the  sounds  diverge  as  they  go  down,  and  w^e  can  readily 
convince  ourselves  that  the  degree  of  divergence  differs  in  different  in- 
dividuals. The  divergence,  in  fact,  dei>ends  upon  the  breadth  of  the 
root  of  the  nose  on  the  one  hand^  and  upon  the  breadth  of  the  inferior 
nasal  orifice  on  the  other.  These  facts  are  of  importance  with  regard 
to  the  oi>eration  of  sounding  the  lachrymal  duct,  in  the  performance 
of  which  the  sound  must  lie  pushed  along  in  the  direction  of  the  duct* 
The  mucous  membrane  of  the  hichrymal  sac  and  that  of  the  laehrr- 
mal  duct  forms  one  continuous  whole.  There  is,  therefore,  no  sharp 
dividing  line  between  these  two  strnctures.  They  are  mainly  distin- 
guished by  the  fact  that  the  lachrj^mal  sac  lies  against  bone  (the  lach- 
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rymal  bone)  at  one  side  only,  and  e%'erywhere  else  is  free,  while  the 
Ittchrymal  duct  is  inclot^ed  on  alt  sides  by  bony  walls.  It  follows  from 
this  that,  in  engorgement  of  the  bchrynial  channels  with  fluids  it  is 
only  the  lachrymal  .sac  which  is  distended  so  as  to  appear  as  a  visible 
swelling  at  the  inner  angle  of  the  eye.  The  larhrymal  duct  can  not  be 
distended;  on  the  cont^ar3^,  it  is  the  favorite  seat  of  eonstrictions, 
which  again  do  not  occur  in  the  lachrymal  sac.  The  formation  of  these 
constrictions  is  facilitated  by  the  fact  that  a  dense  plexus  of  wide  veins, 
analogous  to  the  venous  plexuses  beneath  the  mueoos  membrane  of  the 
turbinated  bodies,  is  interposed  between  the  mucous  membrane  of  the 
lachrymal  duct  and  the  liony  wall  (Fig,  297).  Swelling  of  these  veins 
alone  is  sufficient  to  contract  or  to  close  entirely  the  lumen  of  the  duct. 


^^^H 


Fro.  207. — Cfkoae  SscnoN  toaouob  tiu:  LACBAYuo-NAaM.  Uvvs. 


Magni5edl  II  X  1. 


The  lumen  \ii  the  l&rhrjTniLl  duct  b  ohlon«  «n4  liüetl  with  cylindriciü  ppithf'lium.  Thp  ^ubjiii- 
cent  uiucoUA  niembranp  (HjnlÄin^  very  n^wny  lyrIltJllw■t•yt«■^,  i.e.,  it  ha«»  aJi  iui<»n*iMi  clmrarier.  Thr  «uh- 
mucouA  tiaaut^  i«  mnrkcMl  by  \\y>  (rrt^at  abumJancß  of  blfiotl-vi-Ä*MH.  SXpt^X  of  tlieK»  art'  veirjs;  tin*  few 
ftrterieai  are  tna<ie  obvious  in  thp  drawing  by  thetr  doubl«?  contour*  At  a  lip  the  acini  of  a  niuruus 
cland,  who»«  i*\cr«(ory  duct  i-inplyiriir  into  the  lachryiual  diirt  is  not  travt^r^ewi  in  the  wction  here 
sbowu.  Hu 
ia  direotod  % 


1,     'wtMWtTW,    t7-*i;i'<?|iJ|  y     UII1.-I     t-[JJ|JI.VIfltC     III«"*     I  HC     WM'liry iiini    »IIH'l.     I»    JlliJI-     l,l»vr*<»«»»     m     IJJP    pw,'vvii./ii     IIC!«<? 

Ü.    Huccee^litig  the  #ubmuroiif<  tt'^'uc  i.^  iho  "n-all  of  the  lioriy  canal;   6  ift  the  side  uf  thi«  duml  that 
Botod  toward  the  maxillary  anirum,  r,  the  i^ide  thnt  iü  direoied  toward  the  naeol  cavity. 


The  lachrymal  passages  are  always  fillcMl  with  a  Httlc  hi ch rymal  fluid. 
If  air  is  found  in  them,  it  is  to  be  regarded  as  a  pathological  eonditioii. 

Secretion  of  tears  results  either  from  psychic  excitation  (''weep- 
ing*') or  in  a  reflex  way  from  irritation  of  the  trigeminus  or  optic  nerve 
(*' watering  of  the  eyes**).  Psychic  weeping  occur«  only  in  man,  and 
even  in  man  h  abnent  in  the  case  of  infant.s.  The  tears  contain  only  a 
few  solid  constituents,  the  main  part  of  which  is  sodium  chloride  (hence 
'* salty"  tears).  In  the  normal  state  the  lachrymal  gland  secretes 
scarcely  any  more  hfjuid  than  is  lost  by  evaporation  from  the  surface 
of  the  eyeball,  so  that  but  very  small  qyantities  of  fluid  are  discharged 
into  the  nose.  It  is  only  w^hen  the  secretion  is  much  increased  that  any 
considerable  quantity  of  tears  is  discharged  into  the  nose,  where  ite  pres- 
ence is  manifested  by  repeated  blowing  of  the  nose. 

The  moistening  of  the  eyeball  is  not  due  to  the  lachrymal  glands 
alone.     The  secretion  of  the  conjunctiva  itself,  and  also  of  its  mueouB 
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glands,  participates  in  the  performance  of  this  act.  Hence  it  follows 
that  even  after  removal  or  degeneration  of  the  lachrymal  gland  the  eye 
does  not  become  dry. 

In  the  conduction  of  tears  into  the  nose  there  are  two  factors  to  be 
considered:  The  entrance  of  the  tears  into  the  lachrymal  sac,  and  their 
transmiission  from  the  latter  to  the  nose. 

The  conveyance  of  tears  through  the  puncta  into  the  lachrymal 
sac  is  effected  by  the  act  of  winking.  The  tears  accumulate  in  the 
horseshoe-shaped  notch  in  the  inner  angle  of  the  eye,  which  forms  the 
lacus  lacrimalis  into  which  the  puncta  dip.  Then  a  winking  movement 
takes  place,  the  fibers  of  the  palpebral  portion  of  the  orbicularis  con- 
tracting. These  fibers  spring  from  the  internal  palpebral  ligament  and 
when  they  contract  draw  the  ligament  away  from  the  lachrymal  bone. 
The  wall  of  the  lachrymal  sac,  being  connected  with  the  palpebral  liga- 
ment, is  drawn  along  with  it,  so  that  the  lachrymal  sac  is  dilated,  and 
the  contents  of  the  canaliculi  are  sucked  into  the  sac.  The  subsequent 
conveyance  of  the  tears  from  the  lachrymal  sac  into  the  nose  is  effected 
by  the  elasticity  of  the  sac.  In  virtue  of  this  elasticity,  the  sac  when 
distended  by  the  tears  tends  to  contract  again  and  thus  expel  the  tears. 
Hence,  in  those  pathological  cases  in  which  the  lachrymal  sac  has  lost 
its  elasticity  (atony  of  the  sac)  we  observe  that  the  conduction  of  tears 
downward  is  arrested,  even  though  the  nasal  duct  is  completely  pervious. 
The  reason  why  the  tears  are  not  driven  back  again  into  the  canaliculi 
by  the  contractions  of  the  lachrymal  sac,  but  pass  on  into  the  nasal 
duct,  is  that  the  latter  is  much  wider  than  the  narrow  canaliculi. 

The  mucous  membrane  of  the  canaliculi  is  lined  with  laminated  pavement  epi- 
thelium,  that  of  the  lachrymal  sac  and  nasal  duct  with  a  double  layer  of  cylindrical 
epithelium.  The  mucous  membrane  at  different  spots  projects  in  the  form  of  folds  into 
the  lumen  of  the  lachrymal  passages — a  phenomenon  which  has  been  described  as  a 
formation  of  valves.  The  largest  of  these  folds  in  Hasner's  valve,  at  the  lower  orifice 
of  the  nasal  duct.  This,  however,  is  not  a  true  valve,  any  more  than  are  the  others — 
that  is,  not  a  valve  which  could  close  up  the  lumen  oif  the  lachrymal  channel.  On  the 
contrary,  it  is  simply  a  fold  produced  by  the  great  obliquity  with  which  the  nasal 
duct  passes  through  the  mucous  membrane  of  the  nasal  fossa.  Like  the  other  folds 
of  mucous  membrane  in  the  lachrymal  passages,  it  is  not  of  constant  occurrence. 

D^lication  of  the  puncta  and  canaliculi,  and  also  their  absence,  have  been  recorded 
as  congenital  anomalies. 

I.  Dacryocystitis  Chronica.* 

1 19.  Symptoms. — The  patient  comes  with  the  complaint  of  the  tears 
running  over  (epiphora  ^).  On  careful  inspection  we  notice  that  the 
skin  in  the  region  of  the  lachrymal  sac  protrudes  so  as  to  appear  fuller 

^To  the  older  name  blennorrhcpa  of  the  lachrynial  pac,  (dacryocyrto-blennorrhopa).  which  I  «1» 
formerly  used,  the  objection  mut»t  be  made  that  it  may  «ve  rihe  to  misunderstanding,  since  Konorrhcral 
affections  are  frequentlv  known  as  blennorrhopa,  and  also  that  the  secretion  which  is  expresrad  from 
the  diseased  tear  sac  is  by  no  means  always  ßXtwa,  i.  e.  mucus,  but  is  frequently  prs  or  clear  lachry- 
mal fluid.  Against  the  designation  dacryocystitis  catarrhalis  it  may  be  said  that  chronic  diseases 
of  the  tear  sac  are  not  alway«  of  a  simple  catarrhal  nature,  but  are  Fometimes  tuberculous  or  tracho- 
matous— a  matter  which  often  cannot  oe  decided  by  a  purely  clinical  examination. 

«  From  iwi^^p€<r0ai,  to  rush  upon.  We  also  say  Ulacrimatio  or  ttUlicidium  (from  «ftUa.  drop, 
and  cadere,  to  fall). 
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than  on  the  other  side.  This  swelling — tumor  lacrimalis — is  caused  by 
the  sac's  being  distended  by  an  accumulation  of  its  contents.  WhegL 
Türeasure  is  made  on  the  tumor  the  contents  are  evacuated  externally 
through  the  piiacta^  and  apnear.  iiLj:ecentcaÄe8,  as  a  purulent,  in  older 
caaeeT  as  a  mucous  or  even  limpid  liaujiL  rjümetimes,  when  pressure  is 
mad«?  un  lUw  läÜlifyfttM  sac,  the  contents  are  forced  not  through  the  puncta 
but  downward  through  the  nose.  This  is  the  ca^e  when,  as  exceptionally 
happens,  tiie  uasal  diiet  is  freely  pervious.  Associated  with  these  symp- 
toms, which  prove  distention  of  the  lachrymal  sac  and  abnormality  in 
its  secretioiLs,  there  is  usually  a  contraction  (stricture)  of  the  nasal  duct. 
The  proof  of  this  is  produced  if  with  an  Anel's  syringe  [Fig.  2G3,  h\  which 
has  a  fine  but  n  »t  sharp-pointed  cannula  we  inject  water  *nto  the  lachry- 
mal sac  throuj^h  the  lower  canalicuhis,  and  at  the  same  time  make  the 
patient  l?end  liis  head  forward  so  that  the  water  which  gets  into  the  nose 
shall  not  run  backward  but  forward.  If  stenosis  of  the  nasal  duct  is 
present,  the  water  does  not  flow  freely  into  the  nose,  but  only  drop  by 
drop  or  not  at  all,  and  regurgitates  from  the  lachrymal  sac  through  the 
upper  canaliculus.  [If  a  mixture  of  adrenaline  and  cocaine  is  injected  it 
will  shrink  up  the  mucous  membrane  of  the  tear  passages;  and,  if  the 
stenosis  is  due  simply  to  turgidity  of  this  membrane,  the  liquid  will  pass, 
which  it  will  not  do  if  there  is  a  bony  or  fibrous  stenosis, — D.J  In  order 
to  determine  the  site  and  extent  of  the  stenosis  we  first  make  the  passages 
insensitive  by  injecting  a  few  drops  of  a  cocaine  solution  and  then  try  ti> 
explore  the  duct  with  a  Bowman's  sound,  in  doing  which  we  come  upon 
a  spot  where  the  duct  is  contracted  or  even  alto|;ether  obliterated. 

Etiology.— The    immediate    cause    of    a    chronic    i^a^rvocvstitis  Ja 
stricture  "f  t.hp   ^m^\    ifuj-t       llii^^    truiv   h^     nmHiTrnrl       fivr    PVi^nnnlp     hu 

swemng  ot  ttie  mucous  membrane  of  the  duct.  The  tears  can  then  no 
longer  be  fully  discharged  into  the  nose.  But  as  new  tears  are  constantly 
forced,  by  the  act  of  winking,  into  the  lachrymal  sac,  tlie  latter  becomes 
more  and  more  filled  up  and  distended.  The  lachrymal  Ouid  that  thus 
accumulates  in  the  sac  soon  decomposes.  The  tears,  in  fact,  carry  \vith 
them  from  the  surface  of  the  eyeball  a  quantity  of  germs,  which  find  the 
best  conditions  for  development  within  the  sac  in  the  fluid  which  stag- 
nates there  and  is  kept  at  the  temperature  of  the  body.  And  actually 
the  contents  of  the  sac  in  chronic  dacryucystitis  are  seen  under  i\u\  mirrrw 
scope  To  swarnt  with  miLcro-organisms  of  all  kinds  (»^s])eciallv  thrj>üeu- 
rjjococcusJT  llie  clecömposeamüia  irritates  the  mucous  membrane  of  the 
sac,  which  inflames  andi  throws  out  a  pyoid  secretion  that  mixes  with 
the  tears  stai;nating  in  the  sac.  The  contents  of  the  sac  thus  grow 
constantly  more  turbid  ami  ultimately  resemble  pus.  Chronic  dacry- 
ocystitis is  hence  nothing  but  a  catarrhal  inflammation  of  the  mucous 
membrane  of  the  sac.  Like  all  purulent  or  decomposed  fluids,  the  secre- 
tion of  the  diseased  sac  is  virulent  in  that  it  contains  pus  cocci  in  great 
numbers.  Owing  to  this  virulence,  infection  of  defects  in  the  cornea 
remlily  occurs  in  chronic  dacryocystitis,  so  that  an  ulcus  serpens  develops. 
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The  constriction  of  the  nasal  duct  that,  as  has  been  said,  forms  the 
'Istarting  point  for  chronic  dacryocystitis,  develops,  as  a  rule,  in  conse- 
quence of  affections  in  the  nasal  cavity.    Such  affections  are: 

L  Inflammation  of  the  nasal  mucous  membrane.  Under  this  head  be- 
longs coryza  in  its  various  forms,  whether  acute  or  chronic,  and  whether 
a  simple  catarrhal  trouble,  or  one  of  scrofulous  or  syphilitic  origin.  The 
inflanmiation  of  the  mucous  membrane  of  the  nose  is  associated  with 
swelling  which,  owing  to  the  presence  of  the  submucous  cavernous  tissue, 
may  very  readily  reach  quite  a  high  degree,  so  that  the  nasal  cavity  is 
rendered  impermeable  by  it.  The  inflammation  and  the  swelling  extend 
by  continuity  to  the  mucous  membrane  of  the  nasal  duct,  being  partic- 
ularly due  to  the  engorgement  of  the  numerous  veins  Ijing  beneath  the 
latter,  an  engorgement  which  of  itself  is  sufficient  to  close  the  lumen  of 
the  duct.  The  inflammation  of  the  mucous  membrane  then  leads  to  cic- 
atricial contraction  of  the  latter  and  consequently  to  strictures  in  the 
nasal  duct,  so  that  the  impermeability  of  the  duct  persists  even  after  the 
inflammatory  swelling  subsides.  In  the  ordinary  form  of  ozsena  (rhinitis 
atrophicans)  there  is  no  swelling  even  at  the  beginning,  but  a  cicatricial 
contraction  of  the  nasal  mucous  membrane,  which  may  be  continued  from 
the  inferior  orifice  of  the  nasal  duct  into  the  latter  and  thus  lead  to  its  con- 
striction. 2.  Ulcers,  such  as  are  apt  to  be  associated  with  the  scrofulous 
and  syphilitic  inflammations  of  the  nasal  mucous  membrane,  and  also  lu- 
pous ulcers.  As  the  ulcers  heal,  cicatricial  constriction  or  even  oblitera- 
tion of  the  nasal  duct  takes  place.  This  is  the  more  to  be  apprehended 
if  the  subjacent  bones  are  also  implicated.  3.  Tumors.  These  may 
block  the  lower  orifice  of  the  nasal  duct,  and  thus  cause  stoppage  of 
the  flow  of  tears.     The  most  frequent  tumors  of  this  kind  are  pol3rpi. 

Course. — Chronic  dacryocystitis  is  an  eminently  chronic  disease,  whose 
course  is  counted  by  years.  A  spontaneous  cure  may  indeed  occur,  if  as 
the  swelling  of  the  mucous  membrane  of  the  nasal  duct  abates,  the  lumen 
of  the  duct  becomes  free  again,  and  at  the  same  time  the  catarrhal  in- 
flammation of  the  sac  subsides.  This,  however,  occurs  but  rarely,  be- 
cause strictures  of  the  nasal  duct  have  formed  in  the  meantime.  Hence 
the  rule  is  that  without  artificial  aid  no  cure  takes  place,  but  the  follow- 
ing course  of  events  ensues:  The  secretion  at  first  purulent  becomes  after 
a  time  mucous  and  viscid;  at  length,  owing  to  atrophy  of  the  mucous 
membrane,  secretion  ceases  altogether.  Then  the  distended  sac  contains 
simply  a  clear  liquid — namely,  the  tears  which  have  accumulated  in  it. 
But  still  the  epiphora  keeps  on,  because  the  constriction  of  the  nasal  duct 
prevents  the  conduction  of  the  tears  into  the  nose. 

As  a  result  of  the  constant  distention  of  the  lachrymal  sac  by  fluid, 
its  walls  at  length  lose  their  elasticity.  When  this  condition,  called 
atonia  sacci  lacrimalis,  has  set  in,  the  tears  are  no  longer  carried  down 
into  the  nose,  even  if  the  nasal  duct  again  becomes  perfectly  pervious. 
The  distentionojiJlj^JagJ^^  more  and 

more,  so  tnaw^rSents  a  fluctuaun^RmBronhesizeof  a  walnut  and 
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[over.     This  either  projects  far  forward,  or  it  often  extends  deep  into 
the  orbit,  so  that  the  e^^ebaH  i^  f|i>;nlRf*pH  pv  it  (fvvfm|^[[^j:j|piiisi       It 


filled  with  a  clear  iiuicir 


IS 


Tht?  name  hydrojhs  saccf  tacrtmalis. 


Chronic  dacryocystitis  causes  trouble  chieöy  through  the  epipliora, 
which  compels  the  patient  to  dry  his  eye  frequently.  The  e]>ii>hüra 
increases  in  cold  weather,  and  in  wind,  smoke,  etc.  If  it  laste  a 
Inner  iimf>  it  If^fids  to  ehrnr|tP  P.ifnrrh  nf  tjip  |-pp j.,nctiva  and  to  hlenhfi- 
riH^ni^PTiv^  jf  thnse  |^->  ^riTwlJtii-|p^  ^pe  found  in  one  eyp^aJmie. 
they  miis|alwavi^  SSSltY  ^^"'  sii.s|^icM(m    of  tjifjp   ^^»^1"   »"^-'r.^^   ^>f    j^^ 


<k^' 


xti    t ne    8 n [  >sen  1 1 c ^ ot    ft  i 1 1 r.s t> 


laehrynial  

eniny  jji^UlcJü3i^£ILJid  by  the  tears  leatla  to  eczema  nf  the  lid,  rm-itr^,p 
tion 


pma  of  the  lid 

Bv 


of  the  skin  covering  itT  and  ultimately  to  eHrnoum.  _^^_^^_^ 
cond|tJoijS|^ga!n^lh^^ni^^  In    \\]\^  nr^^onv*'  of 

ehroniii  jSry^^W^^  of   the   curuea  may  develop    from   er^i^jflna 

of  the^latter,  ana  operatiop  wounds  also  nuiv  rt^aJiiv  Iff^'P"^^"  TTifi'"^'?^ 

llRf^fteatmeiit, — This  niust  Orst  have  regard  to  th(*  nasal  disease 
which  underlies  the  trouble^  and,  if  this  is  still  pn^sent,  must  use  proper 
means  for  its  relief.  As  for  the  lachrymal  sac  itself,  the  patient  is  to  be 
told  to  evacuate  it  very  frequently  by  pressing  the  finger  on  the  inner 
cant  bus.  In  this  way  the  accumulation  of  secretion  and  its  consequent 
decomposition^  together  with  the  dilatation  of  the  sac,  are  combated.  In 
addition  it  is  advisable  to  cleanse  the  sac  by  syringing  with  an  AneFs 
syringe.  We  select  for  this  purpose  disinfectant  sokdions  (1-4,000  sub- 
limate solution,  3-per-cent  solution  of  boric  acid),  which  can  afterward  be 
replaced  by  astringent  solutions.  [Before  using  the  s>Tinge  punctum  and 
canaliculus  should  be  dilated  with  the  conical  sound  (Fig.  298,  h  and  c)* 
It  is  well  before  injecting  the  disinfectant  solution  to  syringe  in  a  little 
cocaine  and  adrenaline  to  dilate  and  anaesthetize  the  duct  (see  below). 
Systematic  syringing,  combined  with  the  application  of  adrenaline  to  the 
inferior  turbinate,  and  the  daily  instillation  of  argyTol  will  often  relieve 
an  obstruction  if  not  too  far  advanced. — D,] 

The  main  burden  of  treatment  lies  m  the  removal  of  the  stricture 
of  the  nasal  duct,  by  gradual  dilatation  with  sounds  according  to  Bow- 
man's methocL  As  a  preliminary  to  the  treatment  by  sounds,  slitting 
of  the  infenor  canalicuhts  is  performed.  To  do  this,  the  inferif>r  cana- 
liculus is  first  dilated  with  the  conical  sound  [Fig.  298,  b  and  c],  the 
pointed  extremity  of  which  is  introduced  into  the  infenor  punctum, 
and  then  pushed  on  in  the  canaliculus  imtil  it  strikes  against  the  inner 
wall  of  the  lachrymal  sac  (lachrymal  bone).  After  withdrawing  the 
sound  we  inject  a  few  drops  of  a  5-per-cent  solution  of  cocaine  into  the 
lachrymal  sac.  The  cocaine  is  used  not  only  with  the  object  of  render- 
ing the  lachrymal  passages  insensitive»  but  also  because  it  facilitates  the 
sounding  of  the  nasal  duct  by  making  its  mucous  membrane  aniemic  and 
thus  dilating  the  lumen  of  the  duct.  The  exsanguination  and  shrink- 
ing of  the  mucous  membrane  are  still  better  accomplished  l)y  adding 
some  adrenaline    to    the  cocaine   solution  (three  drops  to  each  c.c,  of 
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solution).  After  cocainizing  the  lachrymal  passages  we  introduce  a 
Weber's  knife  (see  Fig.  298,  /)  into  the  dilated  canaliculus,  in  such  a 
way  that  the  edge  of  the  knife  looks  up  and  a  little  backward.  By 
rapidly  raising  the  knife,  the  probe-pointed  extremity  of  which  rests  in 
the  lachrymal  sac,  the  canaliculus  is  slit  open,  and  is  thus  converted 
into  an  open  groove,  looking  upward  and  a  little  backward.  The  object 
of  slitting  the  canaliculus,  as  a  preliminary  to  the  operation  of  sounding, 
is  to  facilitate  the  introduction  of  the  sounds  into  the  lachrymal  sac. 

For  sounding  the  nasal  duct  we  make  use  of  Bowman's  sounds, 
[Fig.  298,  a]  which  are  kept  on  hand  in  different  sizes,  numbered  from 
one  to  six  [or  eight.  In  this  country  many  prefer  Theobald's  probes, 
which  are  larger  (Fig.  298,  d).— D.] 

The  sound  is  first  introduced  through  the  inferior  canaliculus,  after 
this  has  been  slit  open,  and  is  passed  in  until  it  strikes  against  the  inner 
wall  of  the  lachrymal  sac;  the  sound  taking  the  direction  of  the  can- 
aliculus— that  is,  extending  from  the  outer  side  and  below  in  a  direc- 
tion upward  and  inward.  Then  we  tilt  the  sound — that  is,  we  direct 
it  so  as  to  be  about  perpendicular  by  lifting  its  free  extremity  until  its 
point,  which  is  in  the  lachrymal  sac,  points  to  the  furrow  between  the 
ala  of  the  nose  and  the  cheek,  this  giving  the  position  of  the  inferior 
orifice  of  the  nasal  duct.  The  sound,  being  thus  placed  in  an  upright 
position,  is  now  slowly  and  cautiously  pushed  downward  until  it  rests 
upon  the  fioor  of  the  nasal  fossa.  In  so  doing  we  necessarily  pass  the 
contracted  point,  the  favorite  seat  of  which  is  either  the  point  where 
the  lachrymal  sac  enters  the  nasal  duct,  or  the  inferior  extremity  of  the 
latter — the  former  spot,  because  it  is  normally  the  narrowest  point  in 
the  lachrymal  passages;  the  latter,  because  it  is  affected  sooner  than  is 
the  rest  of  the  lachrymal  tract  by  diseases  of  the  nasal  mucous  mem- 
brane. We  begin  with  the  slenderest  sounds.  If  we  can  not  pass  the 
contracted  spot  with  one  of  these,  we  must  not  push  the  sound  forcibly 
forward,  but  must  keep  trying  again  and  again,  on  succeeding  days  to 
introduce  the  sound,  until  at  length  we  succeed  in  carrying  it  down 
into  the  nose.  The  sound  &^f^r  its  introduction  is  allowed  to  remain 
for  about  a  quarter  of  an  hour.      Wft  rftnpRt.  tJift  sminHing  Pvi>rv  Hrv    nr 

every  other  day,  gradually  passing  to  larger  and  larger  sounds,  until  at 
length  the  nasal  duct  is  readily  pervious  and  the  epiphora  has  ceased. 
Even  then  the  sounding  should  not  be  at  once  discontinued,  as  in  that 
case  the  spots  which  have  been  dilated  would  soon  close  up  again,  owing 
to  renewed  contraction  of  the  cicatrices.  The  sounding  must  therefore 
be  repeated  again  and  again  at  longer  intervals  (of  a  week  to  a  month). 
The  duration  and  the  success  of  the  treatment  with  sounds  depend 
upon  the  nature  of  the  contraction.  The  most  favorable  cases  are  those 
in  which  the  contraction  is  caused  by  simple  inflammatory  swelling 
of  the  mucous  membrane;  those  in  which  cicatricial  strictures  are 
present  are  less  favorable,  and  the  least  favorable  are  those  in  which 
the  nasal  duct  is  completely  obliterated  at  some  spot.      Cases  of  the 
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latter  kind  do  not,  for  the  most  part,  admit  of  a  permanent  cure.  Even 
in  the  most  favorable  cases  the  duration  of  the  treatment  amounts  to 
from  four  to  six  weeks,  and  it  usually  requires  several  months.  If 
strictures  due  to  cicatrices  are  present,  recurrences  may  set  in,  owing  to 
renewed  contraction  of  the  cicatricial  tissue;  and,  in  fact,  this  un- 
fortunately occurs  so  often  that  permanent  cures  form  the  exception. 

Those  cases  which  can  not  be  cured  by  treatment  with  sounds  re- 
quire, if  they  give  rise  to  considerable  annoyance,  eztirpaiion  of  the 
lachrymal  sac.  For  this  purpose  we  first  iniect  some  cocaine-adrenaline 
solution  beneath  the  skin  over  the  tear  sac  and  also  through  the  canaliculi 
into  the  tear  sac  itself.  Then  we  carry  an  incision  through  the  skin  at 
the  inner  angle  of  the  eye,  beginning  a  little  above  the  internal  palpe- 
bral ligament  and  dividing  the  latter  '  and  running  2  cm.  downwards 
and  somewhat  outwards.  Then,  beginning  at  the  temporal  side  of  the  tear 
SP.C  and  using  a  blunt  instrimient,  we  dissect  the  sac  out  without  open- 
ing it.  When  the  sac  has  been  isolated  completely,  it  is  divided  with 
the  scissors  close  to  the  point  where  it  passes  into  the  nasal  duct,  i.  e.,  at 
the  upper  end  of  the  bony  canal.  The  extirpation  must  be  very  carefully 
done  since,  if  the  smallest  bit  of  mucous  membrane  is  left  behind,  suppura- 
tion will  recur  from  the  canaliculi  or  from  a  fistula.  If,  owing  to  the  great 
friability  of  the  mucous  membrane,  it  is  impossible  to  dissect  it  out  com- 
pletely, we  must  curette  the  remaining  portions  out  with  a  sharp  spoon. 
Then  we  sew  up  the  outer  wound  and  by  means  of  a  pressure  bandage 
make  sure  that  the  walls  of  the  cavity  are  in  apposition.  As  a  rule, 
primary  union  occm^  and  healing  is  complete  in  a  few  days. 

Extirpation  of  the  lachrymal  sac  is  suitable  in  those  cases  in  which 
the  treatment  by  sounds  is  likely  to  be  without  result.  This  is  the  case 
where  there  are  very  extensive  cicatricial  contraction  or  complete  oblit- 
eration of  the  nasal  duct.  This  is  still  more  the  case  if  there  are  at  the 
same  time  demonstrable  changes  in  the  bone,  shown^either  by  our  com- 
ing upon  bared  and  roughened  bone  in  the  act  of  sounding,  or  by  there 
being  an  externally  visible  implication  of  the  bone  manifested  by  a 
sinking  in  of  the  nose  (in  consequence  of  syphilis).  Furthermore,  cases 
of  atony  and  dropsy  of  the  lachrymal  sac,  are  suitable  ones  in  which  to 
perform  extirpation  of  the  sac,  since  in  these  cases  a  normal  escape  of 
tears  could  not  take  place  even  after  the  nasal  duct  has  been  made  per- 
vious. Moreover,  removal  of  the  tear  sac  is  very  frequently  done  in  cases 
in  which  treatment  by  sounds  would  be  feasible,  but  in  which  the  patient's 
external  circumstances  make  this  very  protracted  method  of  treatment 
impossible.    This  is  particularly  the  case  in  patients  of  the  working  class. 

While  the  treatment  by  sounds  in  favorable  cases  restores  the  nor- 
mal conduction  of  the  tears,  the  possibility  of  this  restoration  is  for- 
ever prevented  by  the  operation  for  destruction  of  the  lachrymal  sac. 

>  [The  operation  can  also  be  done  without  dividing  the  internal  palpebral  ligamflnt«  the  evpola  of 
the  sac  which  lies  behind  the  ligament  being  simi^  drawn  down  and  dissected  out.  The  extirpatkNi 
may  be  facilitated  by  injecting  the  sac  with  paraffin  (its  lower  end  being  tied  off  belöre  this  is  don«); 
or  if  the  sac  has  already  been  opened  it  may  be  packed  with  gauae.— D.J 


DISEASES  OF  THE  LACHR^TVIAL  ORGANS. 

Hence  a  eondition  of  epiphora  always  remains,  which»  however,  reachee 
a  troublesooif^  degree  only  wlien,  in  e*>nsequenee  of  irritation  of  the  ron- 
junetiv^a,  there  is  an  excessive  secret  it  Ji  of  tears,  antl  this  ean  be  relieved 
by  extirpation  of  the  inferior  laelirymai  gland  (see  page  674),  As  a 
compensating  circumstance  the  patients  are  relieved  of  the  presence  of 
a  constantly  sup]>urating  cavity  which  continually  exposes  them  to  the 
danger  of  getting  an  ulcus  serpens  of  the  cornea,  and  also  usually  gives 
rise  from  time  to  time  to  acute  phlegmons  (dacryocystitis  acuta). 


IL  DACRYOcysTiTis  Acuta  (or  Phlegmonosa). 

121.  Syniptoins.—  In  an  individual  who  auflfers  from  chronic  dacryo- 
cystitis» a  violent  iatlumination  may  suddenly  develop  in  the  region 
the  tear  sac.  The  skin  in  its  \icinity  is  then  reddened  and  greatly' 
swollen;  the  sweUing  also  extends  to  the  lids,  and  even  to  the  conjunc- 
tiva, in  which  there  in  Chemosis.  The  inflammation  is  accompanied  by 
fever  and  violent  pain,  so  that  the  patient  is  deprived  of  sleep  for  sev* 
era!  nights.  After  some  days  the  skin  at  the  apex  of  the  swelling  takes 
on  a  yellowish  discoloration,  and  finally  becomes  perforated,  when 
quite  a  large  quantity  of  pus  is  evacuated.  Upon  this  the  pain  abates 
and  soon  ceases  altogether,  and  the  swelling  also  rapidly  goes  down. 
Later  on,  there  is  discharged  from  the  perforation  a  fluid  which  at  first 
iß  purulent,  afterward  mucous,  and  at  length  perfectly  clear  like  water. 
Ultimately  nothing  but  the  tears  which  are  forced  into  the  sac  run  out 
through  the  perforation,  which  is  hence  ealle<i  a  iachnfmal  ßdula. 

As  long  m*  the  fistula  remains  open  the  patient  is  safe  from  any  new 
attack  of  inflammation.  But  if  the  fistula  closes  and  tears  reaceumulate 
in  the  sac,  recurrence  of  the  acute  dacryocystitis  njay  ensue* 

Acute  dacryocystitis  consists  in  a  purulent  inflammation  of  the  con- 
nective tissue  surroimding  the  lachrymal  sac.  This  inflammation  leads 
to  purulent  disintegration  of  the  submucous  tissue  with  the  formation  of 
an  abscess  which  ruptures  externally.  Acute  dacryocystitis  is  accord- 
ingly a  phlegmon.  Chronic  dacryocystitis,  on  the  eontrary,  is  a  catarrhal 
inflammation  of  the  mucous  membrane  itself^  in  which  the  purulent 
secretion  of  the  latter  is  deposited  upon  the  surface  only.  The  con- I 
nection  between  the  two  diseases  consists  in  the  fact  that  chrome  pre- I 
cedes  aeu te  dacry o cy st i t is  a n d  gi ves  rise  tq_it;  for  the  catarrhally 
inflamed  sac  is  fiOed  with'  decomposed  secretion,  and  it  only  requires 
the  presence  of  a  small  defer-t  in  the  epithelial  covering  of  the  mucous 
membrane  of  the  sac  to  enable  the  micro-organisms  of  the  secretion  to 
penetrate  into  the  submucous  tissue,  where  they  excite  suppuration 
and  cause  dacryocystitis. 

Treatment.— If  we  are  dealing  with  an  acute  dacryocystitis  in  its 
very  inception,  we  may  try  to  prevent  the  development  of  an  abscess. 
With  this  end  in  \new.  we  sedulously  express  the  fluid  from  the  lach- 
rymal sac,  inject  it  with  antiseptic  solutions,  and  in  the  intervals  apply  a 
pressure  bandage,  which  constringes  it. 
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If  the  inflammation  has  passed  the  initial  stage,  it  is  idle  to  endeavor 
to  prevent  the  formation  of  an  abscess;  besides,  the  methods  of  syring- 
ing, expression,  and  compression,  given  above,  could  not  be  employed, 
on  account  of  the  swelling  and  painfulness  of  the  parts.  The  only 
thing  to  do  now  is  to  hasten  the  formation  of  the  abscess,  an  object 
which  is  best  attained  by  the  use  of  moist  and  warm  compresses.  As 
soon  as  fluctuation  makes  itself  apparent,  we  incise  the  anterior  wall  of 
the  lachrymal  sac,  or  that  portion  of  the  skin  beneath  which  the  pres- 
ence of  pus  can  be  made  out.  A  lachrymal  flstula  is  thus  artificially 
produced,  through  which  the  contents  of  the  abscess  and  of  the  lachry- 
mal sac  itself  are  discharged  externally.  This  is  kept  open  by  the  intro- 
duction of  a  strip  of  iodoform  gauze  every  day,  until  all  inflammatory 
symptoms  have  disappeared  and  the  secretion  that  exudes  has  lost 
its  purulent  character.  But  even  then  we  ought  not  to  allow  the  fistula 
to  close  at  once,  for  we  must  recollect  that  a  chronic  dacryocystitis  has 
preceded  the  acute  attack,  and  that  consequently  there  is  a  stricture 
present  in  the  nasal  duct.  So  long  as  this  is  present  the  fistula  will  not 
become  permanently  closed,  and  its  temporary  closure  might  result  in 
a  new  attack  of  acute  dacryocystitis.  Hence,  the  permeability  of  the 
nasal  duct  must  first  be  restored  by  treatment  with  soimds.  When  we 
have  succeeded  in  doing  this  the  fistula  usually  closes  of  itself.  If  this 
should  not  be  the  case,  we  can  eflfect  a  closure  of  the  fistula  by  either 
refreshing  and  uniting  its  edges  or  by  cauterizing  them.  If  the  condi- 
tions are  such  that  a  permanent  state  of  perviousness  of  the  lachrymal 
channels  is  unattainable,  or  if  it  is  impossible  for  the  patient  to  undergo 
the  protracted  treatment  with  sounds,  we  proceed  to  extirpate  the 
lachrymal  sac. 

It  is  extremely  rare  for  the  lachrymal  gland  to  be  the  seat  of  disease.  Among  such 
diseases  belong:  1.  Inflammation  (dacryo-adenitis).  This  may  go  on  to  leeolutioii; 
in  other  cases,  suppuration  of  the  gland  with  discharge  of  the  pus  externally  has  been 
observed,, a  fistula  of  the  lachrymal  gland  remaining  afterward.  There  have  even  been 
described  cases  of  bilateral  dacryo-adenitis  which  ran  either  an  acute  or  more  fre- 
quently a  chronic  course;  some  of  these  cases  were  complicated  with  simultaneous 
swelling  of  the  parotid  or  other  salivary  glands  (Mikulicz's  disease ;  see  {  135).  2.  Tuber- 
culosis and  syphilis  of  the  gland.  3.  Neoplasms,  including  carcinomata,  adenomata, 
cylindromata,  l3rmphomata,  chloromata,  sarcomata,  and  mixed  tumors  resembling  those 
of  the  parotid  gland.  4.  Cystoid  dilatation  of  a  duct  of  the  gland — a  condition  called 
dacryops.    5.  Atrophy  of  the  gland  in  xerophthalmus  (Arlt;  see  page  207). 

Extirpation  of  the  superior  lachrymal  gland  is  performed  by  means  of  an  incision 
made  in  the  outer  part  of  the  previously  shaved  eyebrow.  (It  is  made  here  in  oitler 
that  the  scar  shall  be  invisible  afterward.)  This  operation  is  done  particularly  in  cases 
of  degeneration  of  the  lachrymal  gland.  , 

The  inferior  lachrymal  gland  is  extirpated  through  the  conjunctival  sac.  After 
everting  the  upper  lid  we  draw  down  the  retrotarsal  fold  with  the  forceps  and  inject 
some  cocaine  solution  beneath  the  temporal  half  of  the  fold.  Then  we  cut  the  latter 
longitudinally  with  the  scissors  as  far  as  the  outer  commissure.  If  now  we  separate 
the  edges  of  the  wound  we  see  the  acini  of  the  gland  presenting,  and  can  readily  dissect 
them  out.  Since  the  acini  are  grouped  about  the  excretory  ducts  of  the  upper  gland 
these  ducts  are  divided  at  the  same  time.  This  explains  the  marked  effect  of  the  opera- 
tion on  the  secretion  of  tears. 
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Removal  of  llie  inferior  lachrj^nal  gland  is  done  in  order  to  relieve  a  troublesome 
Bpipliom,  when  other  nieaÄures  liave  failed;  as,  for  example,  when  after  a  chronic 
dacryoeyslitls  the  ix*rnieability  of  the  nasal  duet  Ima  been  rti«t«red  by  saunding  and 
nevertheless  the  epiphora  continues,  or  when  as  a  result  of  extirpation  of  the  lachrymal 
sac  drainage  of  the  Ujars  in  the  regular  way  tms  beconie  imjxjssible. 

Hence  I  am  accustomed  to  perform  extirpation  of  the  inferior  lachrymal  ^land 
right  after  an  extirpation  of  the  lachrymal  sac,  II n  the  opinion  of  many^  including 
the  translator,  this  is  not  often  öece«sary,  simple  extirpation  of  the  sac  not  being  fol- 
lowed by  troublesome  t^piphora,— D.] 

In  the  /miicta  there  can  be  frequently  made  out  a  clxange  of  position  of  such  a 
chamct^^r  tluit  the  lower  punctum  is  turned  outward  (forward)  instead  of  looking 
upward  {evers^itm  of  the  punrium).  Thin  represent«  the  very  first  stage  of  an  ectropion 
— a  coodition  which  l>eÄrs  within  itself  the  germ  for  its  own  development  (see  page 
644).  In  fliiiit/le  eversion^Qf  the  punctym.  without  eetronion  Tf^'^^^j  *>'»  AptpLnm. 
caji  Ik*!  relieved  by  .slitting  th^  y-"^"-^'^'^^'!'"^  ^^^^  *^'^  ^^  *^^^^  converted  into  an  open 
groove,  VFilcli  jofika  l>ark\varil  anti  tienre  di|js  into  the  lacitn  hurimahs  and  take«  up 
the  ICÄrs.  liowman  hau  the  cretlit  of  showing  that  the  conduction  of  tears  is  not  in- 
juriously affected  by  the  shtting  of  the  canaliculus.  If  this  operation  is  performed 
with  Weber  s  knife  in  the  way  describcMi  above,  it  affects  only  the  external  two  thirds 
of  the  canaliculus;  the  inner  third  of  the  latter  lies  beneath  (behind)  the  caruncle,  and 
remains  unopened.  SHtting  of  this  most  internal  part  would  be  possible  only  if  the 
caruncle  w^ere  divided  at  the  same  time;  and  if  this  w^ere  done,  the  cut  surfaces  tliat 
were  made  would  be  pretty  brcxad^  and  it  would  lie  quit^  !mrd  to  prevent  their  reunion. 
Even  in  the  ordinary  methtnl  of  performing  the  operation  of  slitting,  the  divided  canalic- 
us  is  ustially  found  to  have  closetl  up  again  on  the  following  day,  so  that  we  have  to 
itroduce  the  conical  sound  and  thus  tear  apart  the  slightly  agglutinated  edges  of  the 
id.    If  in  lliis  way  read  h  es  ion  is  prevented  at  the  outset,  the  cut  surfaces  l^ecome 

led  with  epithelium,  so  that  afterward  adliesion  is  po  longer  to  be  apprehended. 

In  both  the  punrin  and  cunaliculi  contraction  and  even  obliteration  are  some- 
times observe<l,  the  consequence  of  which  is  also  epiphora.  The  most  frequent  cause 
giving  rise  to  these  conditions  is  injury  of  the  mucoiLs  niembrane  of  these  structures 
due  to  sounding.      Vo  remove  them  we  must  endeavor  to  enter  the  canahcidu»  with^ 

conical  soimd  and  thus  dilate  it,  or,  if  necessanr\  we  nnist  slit  it  up.     Occlusio 
the  cauahculi  may  also  l>e  produced  by  foreiicn  bfwlieH  or  l>y  romTFJians.    TheTa^fer  are 
iw  rrayish-fcreen  color  and  of  friatilc  o^rTTTTorisistciKo,  and  pro%'*i4o  1 


Ol  a  gray  tw  grayish-green  i 
glome 


mnerjitj^J  maagjiM  conmgting  of  a  fungug.  the  StnTitoH 
sfoid  dihitamr^nTuM^analicuh  has  been  foimd.    This  är 


mx  Ffrrstcri. 


>  be  con- 


aorae  ca*«« 


cystoid  iltlatatton  ot  the  ranaliculi  has  r>cen  toimU.  I  his  arises  rrom  an  obliteration  of  the 
canalicuhi.^  at  both  extremities  and  the  accumulation  of  fluid  in  its  cavity,  so  that  the 
tube  is  gradually  distended  till  it  forms  a  cyst, 

Blennorrhcea  of  the  lachrymal  sac  affects  the  female  more  frequently  than  thn 
mole  acx,  perhapn  on  acc^junt  of  the  more  frwtuent  use  wiiich  the  former  makes  of  the 
lachrymal  apparatus.  Persons  having  the  bridge  of  the  nose  flattened  (flat  noaea  and 
**aa<ldle-no»es,"  particularly  when  due  to  hereditary  sjTJhilis)  also  are  predisposed  to 
this  «iTection. 

■Sometimes  a  chromji^dMIXQ£X£iiil^i^  c>}^)^ervciL_prOLilI.JliaiJ2^^  jin d 

this  may  acnjali!\T>^^j  elated  with  Dcrtonuionand  the  format  ioo  of  tistuI^c^u^^T^ise 
of  the__diseasc?  is  a  belatetl  perforation  oL-LhiiJJiin  diaphragm  of  nuiccjus  membrane 

which  in*ffi^?pT^ro^Tt^i^    |pww  qpfip#^  r>f  thr*  nü^».!  rli^r|„      I  ht-  rt-soTt  In  di'Cfymposi- 

tioo  of  the  gelatinous  contents  of  the  nasal  fyassagcs  and  hence  inflammation  of  the 
latter  (Roclion-Dtivigneaud),  Usually  repcatotl  expression  of  the  lachrymal  sac  suf- 
fices to  cure  the  disease;  if  not  we  must  make  the  nasal  duet  pervious  by  the  use  of 
sounds. 

Trachoma  and  iuberctdoHis  of  the  lachrjTnal  sac  occur  as  secondary  affections. 
The  latter  may  originate  from  tuberculosis  of  the  conjunctiva  or  from  tul>erculosis  (lupus) 
of  the  nasal  mut'ous  membrane.  The  lachr>'mal  sac  feels  very  much  thickened,  and  upon 
opening  it  we  find  its  inner  surface  lined  with  discolored  graimlations  (cf.  page  19iJ). 


676 


TEXT-B(JOK  OF  OrüTHAi.MOLOCiY. 


The  operation  of  ff^mruHfuj  can  l^e  performed  througli  either  the  upper  or 
liculufi.  The  former  is  narrower^  but,  as  an  ofTeet  to  this,  we  liave  to  turn 
Bound  but  httle  after  its  introduction  in  order  to  place  it  upright.  In  sc^unding  thrtMigli 
the  lower  camdieukus,  the  sciund  must  be  tilted  so  as  to  be  turned  through  more  thatk 
a  right  angle,  but  the  canahrulus  m  wider.  Accordingly,  the  lower  canaliculus  is  usu- 
ally selected  becauae  the  nmcous  membrane  of  the  narrow  canal  would  be  laoefnted 
in  passing  sounds  of  a  higher  number.  The  consequence  of  this  would  lie  coDtractioii 
or  obhteration  of  the  earml,  which  woiild  »ci  in  ha  soon  as  the  Bounding  was  stopped^ 
The  sound  can  aUo  be  introduced  and  carried  into  the  nose  through  a  can&Uculu5 
which  has  not  been  BÜi  up,  byt  tliis  is  inadvisable,  l^caune  of  the  hkeliho<Ki  of  produc* 
ing  injtu*iGs  to  the  mucous  membrane  such  us  have  just  bcjen  mentioned.  I  usually 
do  it  only  for  diagnostic  piupfjses  (for  demonstrating  the  presence  of  a  stricture)  and 
tlien  employ  only  the  sounds  of  the  lowest  numlier,  which  can  In?  readily  intrrxluced 
even  through  a  eanaliculus  that  has  not  litHm  slit  o^K^n.  Preliim^jj^y^^^l^^flj^^ö^iJi^ 
canaliculus  ia  always  indicated  when  the  tre^tmenL  by  aounds  is  to  be  kept  up  for 

'"^^fflSac^o^ounding  itself  requires  a  deft  lianti  and  much  expt^rience  for  which 
reaaon  it  ought  first  to  l>e  practiced  very  industriously  upon  the  cadaver.  Beginoexs 
in  sounding  fre<|uetitly  make  the  nustjike  of  tilting  the  sound  l]>efore  its  point  haa  got  , 
into  the  tacllr>^nal  sac.  \^'e  then  feel  an  obstacle  opposing  the  downward  progrm 
of  the  fioimd,  and  if  we  should  try  to  overcome  this  obstacle  by  force  we  would  nuiko 
a  false  passage.  Tliat  the  sound  lias  tic^n  tilted  up  too  soon  is  recognized  from  Uke 
fact  that  when  it  is  set  vertical^  the  ekin  beneath  the  canahculus  is  drawn  along  with 
it  and  is  tlirown  into  wrinkle^s.  We  airnll  not  conunit  tliis  mistake  if  we  avoid  tilting 
the  sound  until  we  ihstinctly  feel  through  its  jx^int  the  firm  resistance  offered  by  the 
inner  tjsseous  wall  of  the  lachrymal  sac  (the  lacluymal  Ixjnc).  The  obstacles  oppooui^ 
the  passage  of  the  sound  in  the  nasal  duct  may  lie  actual  const  riet  iojis  of  the  dUiCt, 
but  are  offjen  nothing  but  projecting  fiilda  in  which  the  »«»und  catches.  We  accord* 
ingly  try  to  push  our  way  forward  by  sliding  the  pttint  of  the  soimd  sometimes  along 
one,  sometimes  the  other,  wall  of  tlie  lachrjinal  sac  in  order  to  smooth  out  the  folds. 
Sometimes  we  can  pass  a  rather  thicker  sound  (No.  :i)  more  readily  than  we  can 
the  thinnest  ones;  the  latter^  moreover^  are  more  apt  to  injure  the  muMHls  tnem- 
brane^  so  that  we  get  beneatli  it  and  make  a  fabe  passage.  Bleeding  from  the 
nose  after  sounding  points  to  an  injur>'  of  the  mucous  membrane,  as  does  alao  the 
striking  of  the  apex  of  the  sound  upon  l>are  liono.  The  latter,  however,  can  also 
happen  without  the  mucous  membnine  a  lieing  injured,  if,  for  example,  ty^<>  ^Qf  typ 
Ijt^en  already  denuded  by  ulcerotmj^ijäijiitaiiiftfeian  of  the  mucous  membrane  of  the 
fij^^r^WW^"^^'ffSc^^]^[ffi^mfl^  tilirnrOn  Fir*  tmimlly  ^  *]\]}'\\M\^  ^Y  treatment 
with  sfjunck. 

W  lien  finally  the  sound  has  been  passed  all  the  way  through,  it  is  felt  to  rest  upon 
the  floor  of  the  nasal  cavity.  In  most  persons  the  kmina  in  the  middle  of  the  sound 
then  lies  upon  the  inner  end  of  tlie  eyebrow*.  'I'o  ascertain  the  posit  ion  of  the  sound 
more  precisely,  we  may  place  on  the  ovitside  a  second  sound  of  the  same  length  in  the 
direction  of  the  laclirymal  tract  and  in  euch  a  way  that  the  lamina?  of  the  tw*o  sounds 
are  superimjKtsed;  the  exterior  sound  tlien  shows  at  what  height  the  lower  extremiiy 
of  the  sound  that  we  Imve  introduced  Btanda. 

Treat  mpn|  by  aotmd^  mus^^  bc  kcD^Mipuntil  ;^i  IvnHJ^  Kn  4  of  Bowman*s  soundi 
patises  wjjjj,jiiyg.  Tiicu  uT^tutTcnt  maynf^nstrucicfl  howT^ffCl^  th6  aound  upoo 
fflfflBPuwitn  tne  aid  of  a  lookiiiK-Kl^^^^.  s^o  that  the  sounding  may  be  performed  front 
time  to  time  subsequently  in  order  to  prevent  a  recurrence  of  the  contraction. 

The  long  duration  of  the  treatment  by  rounds  has  excited  a  desire  to  accoropÜsL 
the  dilatation  of  the  atricLures  rapidly  insteajfl  of  gradually,  and  thus  shorten  the  treat- 
ment. This  can  be  done  either  by  Weber's  [or  Theobald *sj  method  of  introducing 
Vf»r>'  thick  sounds  [Fig,  298,  d  and  e]  or  by  Stilling'a  method  of  incising  the  strictureB 
with  a  knife  di\si|;^neti  for  the*  purpose  [Fig,  298,  tj]^  or  by  a  combination  of  both  meth* 
ofh.    By  these  methods  of  treatment,  however,  solutions  of  continuity  are  made  in  the 
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urcius  rnembrant%  which  lead  to  the  formation  of  frpj^h  ricatriccs»  and  which  hcnre, 
lifter  a  period  of  apparent  cure,  entail  even  quirker  recurrences  than  wsual.  Most 
ophtbalniologiats  therefore  prefer  the  grailual  clilaiaition  of  the  strictures. 

Since  by  extirpation  of  the  lachrymal  sac  the  normal  (irainaße  of  tears  is  made 
forever  impoaaible  Toti  has  proposed  as  a  substitute  for  thl^  operation  that  of  dacryo- 
c^/stürhinosiomy.  The  medial  wall  of  the  sac  in  removwl,  and  a  correspondingly 
larjice  gap  is  also  made  in  its  bony  substratum  by  the  reaeetion  of  a  piece  of  the 
lachrymal  bone  and  of  the  frontal  process  of  the  superior  maxilla.  Thus  the  lumen  f>f 
tlie  lachrymal  nac  h  brought  into  direct  connection  with  the  nasal  fossa»  into  which 
the  contenta  of  the  sac  can  now  discharge,  tliough  passing  outside  of  the  ruitsal 
duct.  The  direet  result  of  the  operation  is  jrood  so  far  as  the  epiphora  is  concerned, 
but  further  experience  is  required  to  determine  the  permanence  of  the  result  and  the 
protection  that  the  operation  affords  against  infection  of  the  cornea  by  bacteria  from 
the  lachrymal  sac. 

Ineüfion  of  thr  lachrj^mal  ^ac  t>  done  5f/  Petit 'a  methotl,  for  the  pt^rformance  of  \ 
which  Arlt  ha.^  given  the  following  guides:  By  drawing  the  lids  to  the  outer  side  the 
internal  palpebral  ligament  is  put  on  the  stretch,  so  that  it  is  seen  through  the  skin 
of  the  inner  angle  of  the  eye  as  a  prominent  projection.  The  point  of  a  sharp  scalpel 
Is  introduced  exactly  beneath  the  center  of  the  ligament.  The  back  of  the  knife  looks 
upward  ami  the  knife  itself  is  held  so  that  it^  bandit*  piisses  through  the  middle  point  * 
of  an  imaginary  line  drawn  from  the  apex  of  the  nose  to  the  outer  margin  of  the  or1>it. 
The  knife  held  in  this  direction  is  thnjst  vertically  in,  thus  penetrating  through  the 
mkin  and  the  anterior  wall  of  the  lachrymal  sac.  As  soon  as  we  feel  the  point  of  the 
ife  striking  against  the  posterior  wall  of  the  lachrymal  sac  (lachrymal  bone)  we  no 
longer  push  it  fonvard,  but  depress  its  point  by  raising  the  handle  as  high  as  the  fore- 
head. If  now  the  kmfc  is  pushetl  fonvartl^  its  point  enters  the  upper  part  of  the  nnsal 
duct,  the  wound  in  the  anterior  wall  of  the  lachrj^mal  sac  being  at  the  same  time  en- 
largeil.  After  withdrawing  the  knife  we  enlarge  tlie  wouml  upward  and  downwardt 
ao  as  to  have  a  view  of  the  mucous  membrane  of  the  sac  throughout  its  whole  extent. 

Incision  of  the  sac  was  formerly  done  in  ortler  to  introduce  corrosive  agFut* 
into  it  and  thus  destrt\v  it.     This  procedure  is  now  replaced  by  that  of  extirpation  of 
the  sac.    Typical  incision  of  the  sac  I  scarcely  ever  do  now  except  as  a  preliminary  to- 1   ' g^Aj 
cataract  operation  or  to  an  irirjectomy.     In  these  ctiscs  the  pn^ence  of  a  diseased  \     f™*^ 

19  very  dangerous  on  account  of  the  risk  of  infecting  the  wountl  in  the  eyeball»  \  ** 

If,  therefore,  I  find  an  evident  chronic  dacryocystitis  with  abnormal  contents  in  the  \  fftM^ 
sac,  I  perform  extirpation  of  the  sac  as  a  preliminary  to  the  operation  on  the  eyeball. 
If,  however,  it  can  not  be  demonstrated  that  the  secretion  fn«n  the  murous  membrane 
of  the  sac  \s  abnormal,  but  there  is  only  the  suspicion  that  it  is  so,  I  content  my- 
»elf  with  opening  tlie  sac.  wa^shing  it  out  and  packing  it  off  with  iodoform  gauze  directly 
before  the  operation  on  the  eyeball.  Wlien  after  the  woimd  in  the  eyeball  heals  the 
gauxe  is  taken  out  of  the  sac,  the  wound  in  the  latter  readherea  and  the  sac  performs 
its  function  as  before, 

Actif^^  dacryoct/i^iittH  almost  always  originates  from  a  chronic  dacryocystilis;  con- 
sequently the  patients  state  that  ei^iphora  has  cxiste<l  for  <voite  a  long  time  before 
the  acute  inflammation,  which  they  often  call  by  the  name  of  erysi]>eia3.  It  is  only 
in  very  rare  cases  that  a  caries  of  the  lachrymal  bone  gives  rise  to  acute  dacryocystitis. 
The  diagnosis  of  dacryocystitis  is  easy  to  make  from  the  situation  of  the  swelling, 
which  corresponds  to  the  region  of  the  lachrymal  sac,  A  characteristic  feature  is  that 
the  swelling  extends  up  but  little  fihove  tj|^nneiM>ainebm!  liaäm^  Swernngs  which 
Ife  maml^IBoveThe  naltienri^iigament  aret^Dereg!rme<i  i^  connficted  rm^vii 


HEffii  EMail  i:^y4^ipl*TiM  jBlltiJ  a  imm 


i:tcMr\^mal  sac  but  mostly  mth  ttie  rrontal  amim  f(1melmr|^e  ol   an  empyema  hen^th  . 
the  skin  J.    It  IS  the  exception  For  abscesses  of  other  kinds,  e.  g.,  a  fimincle  in  the  skin  * 
orliTTeriostitic  abscess,  to  occur  in  this  spot     The  spot  where  the  pus  breaks  through, 
however,  does  not  always  correspond  with  the  position  of  the  sac.     It  usually  lies  be-    / 
neath,  l>cing  quite  a  distance  below  and  to  the  outside  of  it.    The  reason  for  this  is  that  / 
pus  sinks  down  beneath  the  skin,  and  at  the  same  time  travels  outward  along  the  inferior  / 

(>VC    J>4nA'^luJ  r/o^c^  cifl^c^O  Y^ic/I,'  flC.  Y^ 
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margin  of  the  orbit,  because  the  skin  along  this  b  attached  to  the  bone  by  rather 
firm  connective  tissue.  The  farther  the  pus  sinks  before  it  makes  its  way  through  the 
skin  the  longer  will  be  the  fistulous  canal  that  remains.  That  an  opefl^^ng  in  t.|[ig  «kin 
which  lies  far  below  and  to  the  outer  side  may  still  be  a  lachrvmaLHaUila  can  be  demon- 
strated  by  our  being  able  to  push  a  sound  througFTfomtBeopening  into  the  lachrymal 
sac.  If  we  should  not  succeed  in  this,  we  i^je^t  a.iCg^?^  lip"^^,!''^^^  ^fa^  gf "ftÜrMl^"* 
i||(^2jj||im^we  then  see  itflowoutflg^nj^h?^ 

Later  on  ii^TESl^^fSSS^vaSBSytlSTlSwE  and  sometimes  becon^  ao 

minute  that  they  are  permeable  by  nothing  but  a  fine  bristle.  The  external  orifice 
of  these  capillary  fistulce,  as  they  are  called,  is  then  scarcely  visible  with  the  naked  eye. 
We  simply  notice  a  drop  of  clear  lachrymal  fluid  appearing  from  time  to  time  upon 
the  skin  beneath  the  lachrymal  sac;  it  is  only  upon  careful  examination  that  we  notice 
the  capillary  opening. 

Disturbances  in  the  function  of  the  lachrymal  apparatus  find  expression  either 
imder  the  form  of  epiphora  or  of  absence  of  the  tears.  Epiphora  is  an  exceedingly 
frequent  symptom  of  the  most  various  conditions,  and  is  either  based  upon  an  increase 
in  the  secretion  or  a  hindrance  to  the  discharge  of  the  tears.  The  former  occurs  phys- 
iologically in  weeping,  and  also  in  the  presence  of  all  sorts  of  irritants  affecting  the 
terminal  expansion  of  the  trigeminus  and  its  vicinity.  Among  these  are  a  cold  wind, 
air  rendered  foul  by  smoke,  etc.,  foreign  bodies  in  the  conjunctival  sac,  inflammations 
of  the  eye  and  its  adnexa,  affections  of  the  nose,  and  neuralgia  of  the  first  and  second 
branches  of  the  trigeminus.  Furthermore,  irritation  of  the  retina  by  strong  light 
causes  increased  tear  secretion.  Interference  with  the  conduction  of  tears  into  the 
nose  may  have  its  cause  either  in  interference  with  the  normal  closure  of  the  lid  or  in 
anomalies  of  the  lachrymal  passages:  Among  affections  producing  the  former  condi- 
tion are  to  be  mentioned  paralysis  of  the  orbicularis,  shortening  or  ectropion  of  the  lids, 
notching  of  the  border  of  the  lid,  and  even  simple  eversion  of  the  lower  punctum;  to 
the  latter  belong  all  the  affections  of  the  lachryinal  channels  which  have  been  treated 
of  in  this  chapter.  In  old  people  it  is  an  extremely  common  thing  for  the  eyes  to  water 
especially  out  in  the  open  air  in  cold  weather,  witliout  there  being  any  discoverable 
lesion  of  the'conjunctiva  or  the  tear  passages.  For  this  senile  epiphora  instillation  of 
the  co^rium  adstringens  luteum  [see  page  137]  is  the  best  remedy.  If  We  find  such 
an  epffnora  without  discoverable  cause  in  younger  persons,  there  is  probably  an  exces- 
sive irritability  of  the  mucous  membrane  of  the  nose  which  excites  increased  secretion 
of  {oBTB  in  a  reflex  way.  So,  too,  pungent  odors,  such  as  the  vapor  of  ammonia,  horse- 
radish, etc.,  which  irritate  the  terminal  extremities  of  the  trigeminus  in  the  nasal 
mucous  membrane,  often  bring  the  tears  to  our  eyes;  and  lachrymation  is  likewise 
very  often  present  in  severe  coryza.  A  like  connection  also  exists  in  the  contrary  sense, 
in  that  a  bright  light  striking  upon  the  eye  excites  an  impulse  to  sneeze,  as  is  observed 
especially  in  children  with  photophobia,  when  the  attempt  is  made  to  open  their  eyes 
for  purposes  of  examination.  In  caaea  of  <^njpl|ora  fnr  which  no  other  cause  can  be 
f^mnd^i^js  rec|ui8^te  ty  ^xanjiine  the  noP«  r^refyflv  and  treat  it  ^|ipo|[Yiin^  to  ihe 
indications. 

,  is  extremdy 

^^ HCTetoiy  ducts 

l^^and;  also  in'\)aralvsis  of  the  trigemmüä 
^^^^^^^^  is  sitaalfld^ffiEYJugiLiffi-  lA  thBTtSfveTlt  is 
fibera^estmeTfor  the  innervaUo^rtfiSTScBfJ^RSr^nd  start  from  the  brain  along 
with  the  facial,  and  nm  with  the  nervous  petrosus  superficialis  major  to  the  nasal 
ganglion  of  the  trigeminus,  by  the  second  branch  of  which  they  reach  the  lachrymal 
gland  through  the  nervus  subcutaneus  make  (Goldzieher).  A  purely  nervous  disturb- 
ance lies  at  the  bottom  of  those  cases  in  which  persons  declare  that  formerly  they  wept 
a  good  deal,  but  that  for  a  long  time  past  they  have  not  been  able  to  wee(,  even  when 
very  much  distressed. 


^xHBTJpposite  condition,  namely,  abolition  of  the  lachrymal  secretyn.  : 
rare.  It  is  found  in  xer^jjjjüfjglmjis,  in  conseqije|^^^^^^nQ2B3QESsKS 
of  the  lachryfl^ftLjdan^^tlsoin  paralvsis  of  th^ngemmuirtmcMnJt^ 
wheffTBTTSsionissituatad^yerv:  mgLu^  m  the  BSfveTlt  is  hence  supposed  that  the 


CHAPTER  XIV. 


DISTURBANCES  OF  MOTILII Y  OF  THE  EYE. 


Anatomy  akb  Phvsiologv  of  the  Ocular  Muscles* 

12Z  Thk  ocular  muscles  are  distinguished  into  extrinsic  and  in- 
triiiöi<\  The  latter,  also  called  the  interior  muscles  of  the  eye,  are  the 
sphincter  pupilUt^  and  the  ciliary  muscle.  Of  these  we  shall  have  some- 
thing to  say  later;  at  present  we  shall  concern  ourselves  only  with  the 
extrinsic  muscles.  These  are  six  in  nuuiber^  four  straight  and  two 
oblique. 

The  four  straight  muscles  are  the  rectus  medialis  sive  internus, 
lateralis  sive  externus,  superior,  and  inferior.  All  four  take  their  ori- 
gin from  the  apex  of  the  orbit  along  the  bony  circumference  of  the 
foramen  opticum  (F,  Fig,  299),  and  from  this  point  run  forward,  di- 
verging as  they  go.  They  thus  bound  a  funnel-shaped  space,  the  mus- 
cular funnel  {t  t)  [see  also  Figs.  301-304],  the  apex  of  whicli  lies  at  the 
foramen  opticum,  while  the  eyelmll  forms  it.s  lyase  and  the  optic  nerve 
(o)  runs  along  its  axis.  The  external  and  internal  recti  muscles  (/  and 
e)  are  ini^ertcd  into  the  sclera  to  the  outer  and  inner  side  of  the  cornea; 
the  superior  rertus  (su)  has  its  insertion  (s,)  above,  the  inferior  rectus 
below^  the  cornea.  The  attachment  is  effected  by  means  of  short  tendons^ 
which  spread  out  in  the  form  of  a  fan  and  become  fused  with  the  sclera, 
which  in  this  way  is  thickened  in  its  most  anterior  portion. 

The  two  oblique  ocular  muscles  are  the  obliquus  superior  and  in- 
ferior. Their  course  is  more  coniphcated  than  that  ui  the  straight 
muscles.  The  superior  oMiqjie  (as.  Fig.  299)  also  arises  from  the  marr 
gin  of  the  optic  foramen  and  rung  forward  upon  the  upper  and  inner 
wall  of  the  orbit  as  far  as  the  trochlea,  before  reaching  which  it  passes 
into  its  tendon.  The  trochlea  itself  (T,  Figs.  299  and  300)  lies  a  lit- 
tle behind  the  upper  and  inner  margin  of  the  orbit.  It  consists  of  a 
firm  fibrous  loop  through  which  the  tendon  of  the  muscle  is  carried 
in  such  a  way  as  to  be  able  to  glide  up  and  down  in  it.  After  travers- 
ing the  trochlea,  the  tendon  bends  backward  at  an  acute  angle,  and 
passes  beneath  the  superior  rectus  to  the  eyeball.  Here  it  spreads  out 
in  the  form  of  a  fan,  and  h  inserted  in  the  upper  half  of  the  eyeball 
about  in  the  vertical  meridian  and  behind  the  equator  (os.  Fig.  299). 

The  inferior  oblique  arises  from  the  lower  margin  of  the  orbit  near 
its  inner  extremity  (m.  Fig.  300).  From  here  it  runs  upw*ard  and  out- 
ward [beneath  the  inferior  rectus]  and  arrives  at  the  outer  side  of  the 
eyeball,  into  wluch  it  is  inserted  al>out  in  the  horizontal  meridian  and 
also  behind  the  equator  (oi,  Fig.  299). 

The  tendons  of  the  ocular  muscles  before  reaching  the  sclera  must 
through  the  fascia  of  Tenon  (fascia  bulbi)  which  surrounds  the  eye- 
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ball.  In  the  spot  where  a  tendon  of  the  muscle  perforates  the  fascia, 
the  latter  does  not  present  a  similar  aperture,  but  is  reflected  back- 
ward upon  the  tendon  (e  and  6„  Fig.  1).  It  ensheathes  the  tendon 
and  further  back  is  continuous  with  the  fascia  which  envelops  the  mus- 
cle itself.     By  these  ^^laieral  invaginationSy^^  therefore,  the  tendons  are 

connected  with  Tenon's  capsule — 
a  fact  which  is  of  importance  with 
regard  to  the  operation  for  squint. 
The  innervation  of  the  ocular 
muscles  is  accomplished  by  three 
nerves.  The  oculo-motor  nerve 
supplies  the  internal,  superior,  and 
inferior  recti,  and  also  the  inferior 
oblique.  Moreover,  the  levator 
palpebrae  superioris  and  the  inte- 
rior muscles  of  the  eye,  namely,  the 
sphincter  pupillae  and  the  ciliary 
muscle,  are  innervated  by  it.  The 
abducens  nerve  is  reserved  for  the 
external  rectus,  the  trochlear  nerve 
for  the  superior  oblique.  The  nu- 
clei for  the  three  nerves  supplying 
the  eye  muscles  lie  [beneath  the 
aqueduct  and]  upon  the  floor  of 
the  fourth  ventricle.  [See  Fig.  316.] 
The  movements  of  the  eyeball 
take  place  freely  in  all  directions  as 
in  a  ball-and-socket  joint  (arthro- 
dia).  The  movements  are  performed 
in  such  a  way  that  the  eyeball,  as 
a  whole,  undergoes  no  change  of 
place;  it  simply  rotates  about  a 
center  of  movement  which  corre- 
sponds approximately  to  the  center 
of  the  eye. 
We  can  imagine  all  movements  of  the  eyeball  resolved  into  compo- 
nents which  correspond  to  three  primary  axes.  These  are  perpendicular 
to  each  other  and  cross  at  the  center  of  movement.  One  of  these  is 
vertical ;  the  movements  which  take  place  about  it  are  the  lateral  move- 
ments of  the  eye— that  is,  the  movement  to  right  and  left,  or  to  the  out- 
side (abduction)  and  inside  (adduction).  The  frontal  axis  (/  /,  Fig.  299), 
runs  from  right  to  left  and  the  movements  that  correspond  to  it  are 
those  of  elevation  and  depression  of  the  eyeball.  The  sagittal  axis  (s  s. 
Fig.  299)  runs  from  before  backward,  and  coincides  with  the  line  of  vision. 
The  movements  which  take  place  about  it  are  known  under  the  name  of 


Fio.  299. — Horizontal  Section  throuor  thb 
Orbit  (Schematic).    Natural  sise. 

The  apex  of  the  orbit  is  formed  by  the  fora- 
men opticum,  F.  The  external  wall  of  the  orbit 
does  not  reach  as  far  forward  as  the  internal,  so 
that  its  anterior  margin.  A,  lies  in  the  same  plane 
as  the  equator  of  the  eyeball.  At  the  anterior 
extremity  of  the  internal  wall  of  the  orbit  is 
shown  the  trochlea,  7".  which  in  reality  lies  in  the 
upper  and  inner  angle  of  the  orbit,  and  hence 
would  not  be  met  with  in  the  cross  section  of  the 
orbit  that  is  here  represented .  The  external  rectus, 
e,  and  the  internal  rectus,  t,  bound  the  muscular 
funnel,  tt.  A  portion  of  the  superior  rectus  (nt) 
is  cut  away  to  show  the  optic  nerve,  o.  si  is  the 
msertion  of  the  superior  rectus  upon  the  eyeball, 
nring  oblique  to  the  margin  of  the  cornea.  o»\  is 
the  fan-shaped  insertion  of  the  tendon  of  the 
superior  oblique,  oa;  oi,  the  line  of  insertion  of 
the  inferior  oblique.  /  /  is  the  frontal,  a  «  the 
sagittal  axis  of  the  eyeball. 


wheel  rotation  [torsionl  of  the  eyeball;  hy  virtue  of  them  the  upper  extrem- 
ity of  the  vertical  meridian  of  the  eyeball  h  inclint^l  outward  or  inward. 

A  simple  action — simple  in  the  sense  of  rotating  the  eyeball  aliout 
onl}^  one  of  the  three  primary  axes — belongs  only  to  the  intc^rnal  and 
external  recti»  which  aet  merely  to  turn  the  eye  inw^ard  and  outward. 
The  aetion  of  the  other  four  oeylar  oiuscles  is  a  complieat^^d  one,  and  if 
we  seek  to  determine  the  axes  about  which  tliey  actually  rotate  the  eye- 
ball, we  find  that  tht^se  do  not  coincide  with  any  one  of  the  three  dh- 
mary    £Lxes.       Fig.     305  ^^         ^. 

represents  schematically  ^s^i'l//// 

the  aetion  of  these  mus- 
cles decomposed  into  its 
component«. 

The  h'upenor  rcctns 
runs  from  the  apex  of  the 
orbit  not  only  forward, 
but  also  a  httle  outward, 
in  order  to  reach  the  eye- 
ball. Its  direction,  hence, 
does  not  coincide  exactly 
with  the  sagittal  axis  of 
the  eye^  but  forms  with 
it  an  angle,  directed 
backward  and  inward 
(Figs.  299  and  312  A). 
Hence,  as  its  insertion 
falls  in  front  of  the  center 
of  rotation  of  the  eye,  it 
wilt  not  only  elevate  the 
latter^  but  also  adduct  it, 
too.  For  the  same  rea- 
8on  it  also  so  rolls  the 
eye  that  the  upper  end 
of  the  vertical  meridian 
tilts  inward  [intorsion]. 

The  infermr  ream  likewise  deviates  somewhat  to  the  outside  in  ita 
course  forward.  Hence,  besides  lowering  the  eye,  it  has  an  adducting 
action.  Furthermore,  it  so  rolls  the  eye  that  tlie  upfier  end  of  the  verti- 
cal meri(han  tilts  outward  [[extorsion]. 

To  learn  the  action  of  the  superior  obli'im  we  have  merely  to  con- 
sider that  section  of  it  which  lies  l>etwx^n  trochlea  and  eyeball;  the  troch- 
lea Ijcinj?,  so  to  speak,  the  physiological  origin  of  the  muscle.  Its  action 
primarily  consists  in  rolling  the  eye»  so  that  the  upper  end  of  the  vertical 
meridian  tilts  inward.  Since,  furthermore,  it  is  inserted  into  the  posterior 
half  of  the  eye,  anr!  this  insertion  lies  below  the  trochlea  (os,  Fig.  3(30), 
the  posterior  half  of  the  eye  is  raised  and  the  cornea  consequently  de- 
pressed when  it  contracts.      The  superior  oblique  also  produces  abduction 


Fl  (J 


:iOO, — Akte  Ml  OH  OatFir«  or  the  OiiBiT  with  tub 
Et  KB  ALL.    NfttursJ  ai>«. 


Thp  teattoaR  of  the  Unit  re<*li  muscloa  »ro  out  off  ncAf  their 
insertion  upoQ  tbi»  «ycbalt,  but  the  iafonor  oblique,  oi.  mut  tbe 
ti^cidiia«  wj*.  of  the  supericir  oblique  are  left  cat  inc.  Th^  liitt-cr 
rome«  mit  from  the  Joop  of  the  trmhleft,  T,  To  the  tvtti{)or») 
Hide  of  the  trochlea  h»?s  lUe  supm-orbitul  notrh,  u  and  aomewhf  t 
to  the  outride  of  thlf  there  i»  n  forameD,  n.  which  is  bot  rofftllai 
present,  for  a  braorh  of  the  Aupra-orbital  nerve.  In  thi«  ea*e 
infra-orbilal  foramen,  fi,  \»  »l»o  abnormally  divided  into  twodi»- 
tintt  fornminn.  t  ii*  the  orifice  of  thn  xyKoiiiatiofj-f ai'JAl  C2iti»l,  jf 
i»  the  lu«!hrytual  foi»Ha,  C*ornparirton  with  Fi«  21*5  «haw«  thiil  the 
orbit  reprej^'nt4^d  in  the  former  i^  mueh  lowi^r  than  the  one  here 
depicted,  but  ia  broader  in  the  horiiontAl  direction. 
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of  the  eye,  since  it  is  inserted  behind  the  center  of  rotation  of  the  eye 
(Fig.  299,  os),  and  in  its  contraction  draws  the  posterior  half  of  the  eye 
inward,  so  that  the  cornea  goes  outward.  The  superior  oblique  accord- 
ingly acts  to  roll  [intort],  depress,  and  abduct  the  eye. 

The  inferior  oblique  accomplishes  a  torsion  of  the  eye  opposite  to 
that  effected  by  the  superior  oblique-:-i.  e.,  a  torsion  in  which  the  upper 
extremity  of  the  vertical  meridian  is  inclined  outward.     Since  its  origin 


IilE. 


[F106.  301-304. — Frozen  Frontal  Sections  op  Left  Orbit  seen  pbom  bkito&b. 
(After  Dwight  from  Norris  and  Oliver.) 

Fio.  301. — Section  about  12  mm.  behind  globe.   S.  Ä.,  superior  rectus;  L.  P.,  levator;  8.  O^  l_^ 

oblique;  In.  R.,  internal  rectua;  Inf.  R.,  inferior  rectus;  E.  R.,  external  rectus;  O.  N.,  optic  nerve; 
F.  A. .frontal  nerve;  Inf.  O.  N.,  infra-orbital  nerve;   6th,  sixth  nerve. 

Fig.  302. — Section  about  5  mm.  behind  globe.    Letters  as  in  preceding  figure. 

Fio.  303. — Section  about  3  mm.  in  front  of  back  of  globe.  ^Letters  as  before. — S.O.N.,  supra-orbital 
nerve. 

Fio.  304. — Section  near  equator  of  globe.  Letters  as  before. — Inf.  O.,  inferior  oblique.  L,  8^  lach- 
rymal sac. — D.l 

in  the  margin  of  the  orbit  lies  below  its  insertion  upon  the  posterior  half 
of  the  eyeball  (oi,  Fig.  300),  it  draws  this  half  downward  and  thus  ele- 
vates the  cornea.  Furthermore,  since  it  draws  the  posterior  half  of  the 
eyeball  inward,  it  abducts  the  eye.  The  action  of  the  inferior  oblique  is 
accordingly  to  roll  [extort],  elevate,  and  abduct  the  eyeball. 

If  we  call  muscles  which  rotate  the  eye  in  opposite  ways  about  one 
of  the  main  axes  antagonists,  the  muscles  may  be  grouped  as  follows: — 
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Fit  J.    305. — SCRKMATtC 
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Saowma   trä    Action    of   th« 

i.     (After  M&rqueij 


The  internal  and  external  recti  rotate  the  eye  about  the  vertical  axis 
•exclusi^^ely  and  are,  thereof  ore,  the  only  perfect  antagonist-s. 

The  superior  and  inferior  recti  rotate  the  eye  in  opposite  ways  about 
the  frontal  axis  (to  produce  elevation  and  depression)  and  about  the 
saj^ttal  axis  (to  produce  torsion),  and  to  this  extent  are  antagonists;  but 
both  act  as  adthictors. 

The  superior  and  inferior  obliques  rotate  the  eye  in  opposite  directions 
about  the  sagittal  axis  (to  produce  torsion)  and  the  frontal  axis  (to  ele-  ^ 
vate  and   depress),   act- 
ing thus  as  antagonists; 
but  both  act  ahke  to  pro- 
duce abduction. 

It  is  but  rarely  the 
case  that  one  niupcle  alone 
acts  in  effecting  the  move- 
ments of  the  eye.  This 
is  tfie  case  when  the  eye 
is  carried  straight  out  or 
straight  in  from  the  pri- 
mary position,  in  which 
event  simply  the  external 
or  internal  rectus  acts. 
But  in  all  other  move- 
ments of  the  eye  two  or 
even  three  of  the  eye 
muscles  always  take  part. 
Thus  in  movements  of 
adduction  the  superior 
and  inferior  recti  come 
into  play  along  with  the 
internal  rectus.  The  su- 
perior rectus  and  the  in- 
ferior oblique  both  take 
part  in  elevation,  the  in- 
ferior rectus  and  the  su- 
perior oblique  in  depres- 
sioiL  Torsion  of  the  eye- 
ball, such  that  the  upper 
end  of  the  vertical  merid- 
ian is  tilted  inward,  may  l>e  produj/ed  by  tlie  superior  cJblique  or  superior 
rectus,  torsion  in  the  opposite  direction  by  the  inferior  oblique  or  inferior 
rectus.  [Probably  in  every  movement  of  the  eye,  inchiding  simple  adduction 
and  abduction,  from  three  to  five  muscles  take  part,  some  acting  directly, 
others  serving  to  steady  the  eye  in  its  course  (p.  690), — D.] 

When  we  look  with  both  eyes  the  muscles  of  one  eye  work  with 
those  of  the  other  in  such  a  way  that  the  visual  lines  of  the  two  eyes  in- 
I        tersect  in  the  object  of  fixation.     To  effect  this  the  eyes  either  both 


Tbe  artioQ  Qf  eftrb"  Jnusrle  t«  flbown  bv  arrows,  whirh 
rnpreeucnt  this  action  m  dAompoted  into  ttti  «^omponi'Dts.  arrarc) 
tng  to  the  paralleloKTTim  iol  foTre«.  The  componontin  represent 
(QK  torsion  nre  drawn  ori  (ko  out<»r  circle  Ami  inflir-jite  with  thrir 
apices  th«  extpemity  o»  th^  vertical  meridian,  when  the  upper 
end  of  tbo  latter  ha*  pc<?nVill**d  by  the  musoif  inward  or  out- 
ward,  &s  the  tvro  dott«p  I inei  cruising  in  the  center  of  the  figure 
represent»  (The  rurvM  arm.ln  other  words,  »hows  the  dJr*»ciion 
in  which  tb«  veiticaJ  jpiehdi^tuu  tilted  and  the  amount  nf  iiltinj;. 
— D.]  Tho  inferior  ojbUque,  inVctioFdanco  with  it«  cl<?vatinK  ac 
tion»  ia  drawn  on  thf  upp«r  riniof  the  outer  circle,  and  the  supe- 
rior obh  que,  bf-causd  of  ita  depib«flinis  «ctioD,  in  drawn  on  the 
lower  ritfi.  There  ire  ihown  byVthi«  plan;  {!)  That  the  action 
of  the  rectus  medifflia  and  rectus  uteralia  alone  i»  simple,  that  of 
all  the  other  rouWles  beiag  mad  a  up  nf  the  three  eomponenl«. 
(2)  That  for  all  movenieuts,  o*cep\  the  purely  lateral  ooe«.  thnse 
muflcl«a  act  in  concert.  (3)  That  «he a  thia  oocura,  two  out  of 
the  throe  comprAienla  of  each  muart©  are  in  largo  part  nultified, 
beeauAe  onpo^^di  by  tho^  of  other  Mimclefl.  »o  that  id  iceneral 
third  pet  of  conipo^ncnt«,  wmrh  have  tht-  name  direction 
»  if  added  to^other,  cqmo  into  play.  bSee  aluo 
page  600— D[] 


684 


TEXT-BOOK  OF  OPHTHALMOLOGY. 


Fig.     300. — Projection    of    Retinai,    Images 
Externally. 

123.  Orientation. — Orientation 


move  in  the  same  direction  (i.  e.,  both  to  the  right,  both  up,  etc.)  [paral- 
lel movements]  or  both  move  so  as  to  produce  convergence  or  diver- 
gence [disjunctive  movements].  [For  both  classes  of  movements  and  the 
muscles  by  which  they  are  eflfected,  see  pages  691  and  692. — D.j 

This  association  of  the  eye  movements  is  regulated  by  the  associa- 
tion centers,  which  are  centers  of  a  higher  order  than  the  nerve  nuclei. 
According  to  the  necessities  of  the  case,  they  innervate  certain  muscles 
or  groups  of  muscles  of  one  eye  simultaneously  with  those  of  the  other. 

The  internal  rectus  of  the  right 
eye,  for  example,  may  be  set  into 
action  at  the  same  time  with  the 
internal  rectus  of  the  left  eye,  so 
that  a  movement  of  convergence 
takes  place;  but,  on  the  other 
hand,  it  may  also  act  in  concert 
with  the  external  rectus  of  the 
left  eye,  so  that  both  eyes  are 
turned  to  the  left, 
in  space — i.  e.,  the  ascription  of 
objects  seen  to  the  place  where  they  actually  belong — is  effected  in  the 
following  way:  The  objects  of  the  external  world  form  images  upon  the 
retina.  To  find  the  situation  of  the  retinal  image  of  any  object  what- 
ever, we  only  need  draw  a  line  from  the  object  to  the  retina  through 
the  nodal  point  of  the  eye  (Ä;,  Fig.  306),  since  those  rays  that  pass 
through  the  nodal  point  (principal  rays)  pass  unrefracted  to  the  retina. 
Thus  the  image  of  the  object  of  fixa- 
tion, 0  (Fig.  306),  lies  at  fc  (the  fovea 
centralis).  Objects,  such  as  Oi,  situ- 
ated beneath  the  point  of  fixation, 
throw  their  image  above  the  fovea 
centralis,  at  6i;  and,  on  the  other  hand, 
the  object  Oj,  lying  above  the  point  of 
fixation  has  its  image  at  6,1  beneath 
the  fovea.  We  ourselves  judge  of  the 
place  in  which  an  object  is  by  following 
out  a  reverse  process.  We  refer  the 
object  to  the  extremity  of  a  line  which 
passes  outward  from  the  retinal  image 

and  through  the  nodal  point.  This  process  for  determining  the  place 
of  external  objects,  which  is  learned  by  experience,  is  called  projection 
(of  the  retinal  images  outward).  By  virtue  of  it  we  see  the  objects  in 
the  outer  world  arranged  side  by  side  just  as  their  images  are  upon  our 
retina,  only  in  reverse  order;  whatever  forms  an  image  to  the  right  of 
the  point  of  fixation,  is  seen  upon  the  left  of  the  latter,  etc.  We  are 
thus  informed  with  certainty  in  regard  to  the  position  of  objects  rela- 
tive to  each  other  (objective  orientation).     But  for  perfect  orientation 


Fig.  307. — Binocular  Single  Vision. 


further  requisite  that  we  should  assign  to  its  correct  situation  in 
«^Sce  tlie  whole  mosaic  of  images  that  we  project  from  our  retina  into 
tive  outside  world,  and  which  is  already  properly  constructed  as  far  as 
the  relation  of  its  own  parts  to  each  other  is  concerned.  Not  till  we 
do  this  can  we  have  any  conception,  corresponding  to  the  real  state  of 
things;  a  conception,  that  is.  of  the  position  of  objects  not  only  with 
reference  to  each  other  but  also  with  reference  to  our  own  body  (»win 
jedive  orientaiioji) .  Such  subjective  orientation  depends  upon  our 
having  a  knowledge  of  the  position  of  our  own  body  in  space,  and  of 
the  position  which  the  eyes  occupy  in  our  body.  The  former  is  accom- 
plished  by  virtue  of  the  sense  of  equilibrium,  the  latter  by  the  muscu- 
lar sensations  which  originate  in  the  ocular  muscles»  and  which  inform 
us  how  our  eyes  are  directed  with  relation  to  our  body.  By  means  of 
suf>jective  and  objective  orientation  togethe'',  we  are  able  to  recognize 
correctly  the  absolute  position  in  space  of  any  object  that  we  see. 


Fia.  30H  A — HoHONTUOU«»  Doctblb  Imaob». 
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Fta.  30if  B. — CitoMKP   DoieL«  Imaok«. 


As  a  rule,  we  see  with  both  eyes  at  once,  these  being  so  placed  by 
means  of  their  associated  movements  that  their  visual  lines  cross  in 
the  object  looked  at— i.  e..  we  *'fix"  [or  ** sight'']  the  object  with  both. 
The  object  o  (Fig.  307)  then  forms  an  image  in  ihe  fovea  c^cntralis  (/ 
and  /j)  in  both  eyes.  An  i^bjectp  o^,  situated  to  the  left  of  the  point 
of  fixation,  would  cast  an  image  at  b  and  6,,  to  the  right  of  the  fovea 
in  both  eyes,  and  in  both  eyes,  moreover,  equally  far  to  the  right  of  it. 
These  images,  as  well  as  all  others  that  are  situated  on  symmetrically 
disposed  spots  of  the  two  retina^,  are,  according  to  the  hiw  of  iirojec- 
tion,  located  by  lioth  eyes,  at  the  same  pnint  of  the  outer  world  (a.  o^ 
etc.),  and  hence  are  seen  single  (binoeitlar  single  vision). 

Interference  with  binocular  single  vision  is  manifested  by  binocular 
diplopia,  which  makes  its  appearance  when  the  visual  axis  of  one 
eye  deviates  from  tlie  oljject  ol  fixation.  For  example,  the  right  eye, 
R  (Fig,  308  A),  sights  the  point,  o,  while  the  visual  axis,  g,  of  the  left  eye, 
L,  deviates  inward,  because  the  eye  has  a  convergent  squint.  The 
point,  o.  then  forms  an  image  at  the  fovea,  /.  in  the  right  eye.  but  in  the 
left  if  forms  an  image  at  b  to  the  right  of  the  fovea,  /j.    With  the  right 
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eye  the  object  is  seen  in  its  right  place,  o.  With  the  left  eye,  too,  the 
object  would  be  seen  at  a  point  opposite  the  retinal  image,  6,  that  is, 
in  its  proper  situation,  o,  and  hence  would  be  seen  single  with  'binocu- 
lar vision,  if  the  person  possessing  such  an  eye  were  not  in  error  with 
regard  to  the  way  in  which  the  left  eye  is  directed.  He  knows  nothing 
of  the  deviation  of  this  eye  inward,  but  has  the  idea  that,  like  the  right, 
it  has  its  visual  axis  adjusted  for  the  object.  He  therefore  expects  the 
image  of  the  object  to  be  at  the  fovea  in  the  left  eye  as  well  as  in  the 
right.  But  as  this  is  not  the  case,  and  the  image,  6,  lies  to  the  right 
of  the  fovea,  he  thence  concludes  that  the  object,  o,  has  become  dis- 
placed toward  the  left — that  is,  to  Oj — since  he  knows  from  former 
experience  that  all  objects  situated  to  the  left  of  the  point  of  fixation 
throw  their  images  to  the  right  of  the  fovea.  .  In  this  case,  accordingly^ 
the  subjective  orientation  is  not  correct;    the  entire  mosaic  of  retinal 

images  in  the  left  eye  is  located 
in  space  too  far  to  the  left,  be- 
cause the  person  who  has  such 
an  eye  has  an  erroneous  impres- 
\  sion  in  regard  to  the  w^av  in 


^^ß 


oe,^ 


which  it  is  placed  in  his  head 
(Nagel,  Alfred  Graefe). 

The    double    images    that 

\  '      have  been  here  selected  as  an 

\  example  are  known  as  homony- 

\  niouSf  because  the  image,  o,  seen 

\  upon  the  right  side  belongs  to 

^  the  right  eye  and  the  one,  o,, 

Fi<».  309.-DOUBLK  luKQKs,  WITH  DinrKRKNCK         Seen  ou  thc  leftbclongs  to  the 

IN  levkl.  left  eye.     In  practice  this  fact 

is  determined  by  covering,  for  a 
moment,  first  one  eye  and  then  the  other,  and  asking  the  patient  which 
of  the  two  images  in  each  case  disappears.  We  can  also  place  a  colored 
glass  before  one  eye  and  have  the  patient  tell  which  of  the  two  images 
is  colored,  and  which  appears  of  its  natural  hue.  Homonymous  double 
images  depend,  as  the  preceding  demonstration  shows,  upon  imdue 
convergence  of  the  eyes. 

Heteronynunis  or  crossed  double  images  are  produced  when  there  is 
a  relative  divergence  of  the  eyes.  In  Fig.  308  B  the  left  eye,  L,  deviates 
outward.  The  image  of  the  point,  o,  therefore  falls  to  the  left  of  the 
fovea,  /„  at  6,  for  which  reason  the  object  itself  is  erroneously  seen  at 
Ol,  to  the  right  of  the  point  of  fixation,  o.  In  this  case  the  left  image 
corresponds  to  the  right  eye,  while  the  right  image  corresponds  to 
the  left  eye. 

A  difference  in  the  level  of  the  double  images  occurs  when  the  eyes 
themselves  stand  on  different  levels.  In  Fig.  309  the  eyes  are  repre- 
sented as  behind  each  other  instead  of  side  by  side.     The  right,  fi, 
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Its  the  object  correctly»  but  the  left  eye,  L,  is  deviated  upward, 
fence,  the  image,  6,  of  the  point,  o,  falls  above  the  fovea,  /^,  in  the 
left  eye,  and  the  person  who  has  such  an  eye  imagines,  because  he 
believes  that  the  eye  is  correctly  placed,  that  he  sees  the  point,  o,  at 
Oj,  below  its  true  situation,  since  when  the  eyes  are  correctly  placed 
all  objects  situated  below  the  visual  plane  cast  their  images  upon  the 
upper  half  of  the  retina.  The  image  which  stands  lower,  therefore,  al- 
ways Ijelongs  to  the  eye  which  stands  higher,  and  vice  versa. 

Doulile  images  may  also  be  mdined  in  such  a  way  that  their  upper 
or  lower  extremities  are  approximated.  This  is  the  case  when  one  of 
the  two  eyes  has  undergone  a  rotation  about  its  sagittal  axis  and  the 
other  has  not.  In  Fig.  310  A.  R  and  L  represent  the  posterior  halves 
of  the  two  eyes  seen  from  behind  and  imagined  to  be  transparent,  so 


S. 
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Fio.  310» — DorBLK  1maqe:s  with  Obliquity. 


W 


that  the  inverted  image  of  an  arrow  is  seen  as  it  is  situated  upon  the 
retina.  In  the  right  eye  the  vertical  meridian  of  the  retina,  v  t%  really 
does  stand  vertical,  but  in  the  left  eye  (r,  rj  it  is  supposed  to  be  in- 
clined. The  image  of  a  vertically  directed  arrow  is  also  vertical  in  the 
two  retina?;  hence,  in  the  right  eye  it  coincides  with  the  vertical  me- 
ridian, but  in  the  left  eye  it  forms  an  angle  with  the  vertical  meridian, 
because  this  is  inclined.  Since,  now,  the  left  eye  has  been  previously 
accustomed  to  consider  as  vertical  only  those  objects  the  images  of 
which  coincide  with  the  vertical  meridian,  it  will  consider  the  arrow 
as  having  an  oblique  position.  Hence,  two  images  of  the  arrow 
are  seen  (Fig,  310  B,  w  und  s),  of  which  that  l>ekmging  to  the  left 
eye  stands  obliquely. 

When  there  is  binocular  double  vision,  the  two  images  do  not  look 
alike,*  one  is  more  distinct  than  the  other,  and  is  hence  known  as  the 
true  iinage,  in  contradistinction  to  the  apparent  image.    The  true  image 
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is  the  one  that  corresponds  to  the  eye  that  sights  the  object.  It  iß 
therefore  seen  in  its  right  place,  and,  moreover,  is  seen  clearly,  because 
it  is  perceived  by  the  fovea.  The  apparent  image  belongs  to  the  deviat- 
ing eye.  It  is  less  distinct  than  the  image  of  the  other  eye,  because  it 
is  perceived  by  a  peripheral  spot  of  the  retina;  moreover,  it  is  seen  in 
the  wrong  place,  so  that  the  patient,  if  he  tries  to  reach  out  to  it,  reaches 
to  one  side  of  it — hence  apparent  or  false  image. 

A  condition  to  be  rigorously  differentiated  from  binocular  diplopia  is 
monocular  diplopia.  The  former  depends  upon  the  fact  that  though 
there  is  but  one  image  of  the  object  cast  upon  each  one  of  the  two  ret- 
inse,  it  is  not  thrown  upon  spots  that  are  similarly  situated;  but  the  lat- 
ter is  due  to  the  formation  of  two  images  of  the  same  object  upon  one 

retina.    Binocular  diplopia,  there- 


Rsup 


R.ea:t 


Kmt 


Rut/. 

Tio.  311. — Lines    of   Insertion    of   the   Four 

Uecti  Muscles  projected  upon  a  Plane. 

Natural  siie. 


fore,  disappears  at  once  when  one 
eye  is  shut,  while  monocular  di- 
plopia persists,  although  but  one 
eye — that  is,  the  one  which  sees 
double — is  open.  In  this  fact  lies 
the  most  certain  differential  sign 
between  the  two  kinds  of  diplo- 
pia. The  cause  of  monocular  di- 
plopia is  either  an  anomalous 
refraction  of  the  rays  of  light  or 
the  presence  of  a  double  pupillary 
opening.  The  former  represents 
one  form  of  irregular  astigmatism 
(see  §  147),  and  has  its  seat  either 
in  the  cornea  or  in  the  lens.  It 
occurs  particularly  in  subluxation 
of  the  lens  [being  then  due  not  to  astigmatism  but  to  a  sort  of  pris- 
matic action] — (see  page  528).  In  incipient  cataract  also  monocular 
diplopia  may  develop  as  a  result  of  the  unequal  refracting  power  of  the 
different  sectors  of  the  lens,  although  in  this  case  monocular  polyopia 
(see  page  501)  is  of  much  more  frequent  occurrence.  A  double  pupillary 
opening  produces  diplopia  when  the  eye  is  not  adjusted  for  the  distance 
at  which  the  object  of  fixation  is  placed.  It  is  most  frequently  found  as 
a  consequence  of  iridodialysis. 

The  lines  of  insertion  of  the  four  recti  muscles  are  situated  at  unequal  diBtiMiceB 
from  the  margin  of  the  cornea,  and  usually,  too,  are  not  quite  concentric  with  it.  More- 
over, they  are  not  perfectly  symmetrical  in  their  relation  to  the  horizontal  and  vertical 
meridians.  The  mean  variations  in  regard  to  the  position  of  the  lines  of  insertion  are 
shown  as  accurately  as  possible  in  Fig.  311,  which  represents  the  anterior  half  of  the 
eyeball  projected  upon  a  plane.  In  it  are  marked  the  distances  of  the  lines  of  insertion 
from  the  cornea  in  millimetres,  as  I  have  found  them  from  the  mean  of  a  great  number 
of  measurements. 

The  muscles  are  surrounded  by  fasciae  which  are  continuous  anteriorly  with  Tenon's 
capsule  at  the  spot  where  the  latter  is  reflected  upon  the  tendons  of  the  muscles.  Lateral 
prolongations  of  the  fascise  unite  the  muscles  together,  and  also  pass  from  them  to  the 
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bony  wall  of  the  orbit.  By  means  of  this  system  of  faacice  pervading  the  orbit,  the 
contents  of  the  latter  are  fixed  in  phice.  It  is  owing  to  them  that  the  eye  does  not 
leave  its  place  when  perfortning  its  movements,  but  lurns  about  a  fixed  center.  The 
continuations  of  the  fascia«,  p-asäing  from  the  mu&fle^  to  the  walk  of  the  orbit,  act  as 
a  ftHjrt  «if  re.st raining  apparatus  [check  liganientä]  svhirh  prevent  extreme  excursions 
of  the  eyeball  (Merkel,  Mot  als).  They  are  niost  strongiy  develo|ied  upon  tlie  internal 
ami  exlenial  recti  {fi  ami  /*",  Fig,  2H4),  The  levator  palpebrte  imperii >n.s,  tcM>,  which 
is  as?4nci»ited  in  action  with  the  superior  reetiw,  is  united  to  it  dir«»ctly  by  bands  of 
hkHcia  [See  page  618].  Furthermore,  bandfi  of  fa&cia  pa^s  from  tlie  levator  to  the  skin 
of  the  upper  lid  and  also  to  the  upi^er  retrotarsal  fold,  so  that  these  structures  follow 
the  movements  of  the  eyeball  and  the  upper  bd  when  these  are  elevated.  An  anal- 
ogon»  apparatus  cornea  into  play  when  tlie  eyeball  is  depresHtHl,  bands  of  fascia  running 
from  the  inferior  rectus  into  the  lower  lid  aiul  to  !he  lower  retrotarsal  fnld  [See  page  6l8h 


#  -I 

Fig.  311!, — Milthod  of  Actios  of  tiik  Supkhioii  RitcTtTB* 

(V.  in  looking  Mmight  forwftrd;    B,  in  atxluetion;  l\  in  adduction;  S  S|,  sagittal  axb  of  motion; 

G  Gl,  viauoi  tlulI». 


In  the  cai^e  f^f  muscles  whose  method  of  action  is  complicated  (and,  with  the  ex- 
ception of  the  first  ^>air,  this  is  the  case  with  all  (Ijc  muscles),  the  effect  ttj  the  indivuhial 
com fMim'Ttlii  of  which  the  total  action  is  made  up  varieä  in  intensity  according  to  the 
position  which  the  eyeball  hapi^wns  to  occupy.  Aw  an  illiis  trat  ton,  we  may  explain 
how  t!us  is  in  the  case  of  the  superior  rectus.  When  the  eye  is  looking  straight  forward, 
so  that  it^  vi.sual  line  coincides  wit-ii  the  sagittal  axis  of  motion,  ^  S^  (Fig,  312  A),  the 
plane  of  action  of  the  suiie^rior  rc?ctus  forms  with  Ixitb  the  visual  and  the  fi;agiital  axis 
an  angle  of  about  23** — this  angle  having  its  branches  directed  backward.  Conse- 
quently, the  muscle^  besides  causing  an  elevation  of  the  eye,  also  adducts  and  rolls 
[intorts]  it.  If  now  the  eye  is  turned  out  23*^  (Fig.  312  B)^  the  plane  of  action  of  the 
muscle  coincides  with  the  visual  plane,  G  G^.  Then  the  action  of  the  muscle  will  be 
simply  one  of  elevation^  since  the  other  two  com|>onents  disappear,  t)n  the  other  liand, 
the  more  the  eye  is  turned  inward,  the  more  do  the  two  componentÄ  of  addijction  and 
torsion  preponderate.  They  would  rejich  their  maximum  if  the  eyeball  coidd  he  turned 
far  enough  inward  for  \\s  visual  axis,  G  t^/,,  to  form  a  right  angle  with  the  plane  of  the 
nuiscle  (Fig.  312  C);  and,  on  the  other  hand,  the  action  of  elevation  wcnild  then  have 
become  reduced  to  notliing.  In  like  fasliion.  the  action  of  the  individual  components 
can  lie  deduced  from  the  j^osition  of  the  eye  for  every  other  ocular  muscle  as  soon 
fts  the  course  that  it  fakes  is  accurately  known.  This  fact  is  of  importani^e  for  the 
diiifnosis  of  paralyses  of  tlie  ocular  muscles,  the  faibire  of  the  paralyzed  muscle  being 
44 
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particularly  marked  in  the  direction  of  one  or  the  other  of  the  components  of  it«  actioii, 
according  to  the  different  way  in  which  the  eye  is  directed. 

[Actions  of  the  Eye  Muscles ;  Monocular  Movements.— Each  eye  muacle 

except  the  internal  and  the  external  rectus  has  a  mam  and  a  subsidiary  action,  as  followB: 


Superior 
Rectus 


Inferior 
Oblique 

Inferior 
Rectus 


Superior 
Obuque 


Main  Action 
Moves  eye  up;  action  increases 
as  eye  is  turned  out;  becomes  nil 
when  eye  is  turned  in. 

Moves  eye  up;  action  increases 
as  eye  is  turned  in;  becomes  nil 
when  eye  is  turned  out. 

Moves  eye  down ;  action  in- 
creases as  eye  is  turned  out;  be- 
comes nil  when  eye  is  turned  in. 

Moves  eye  down;  action  in- 
creases as  eye  is  turned  in;  be- 
comes nil  when  eye  is  turned  out. 


Subsidiary  Actiox 
Adducts  eye  and  rotates  vertical 
meridian     inward;     action    in- 
creases as    eye    is    turned  in. 
Raises  upper  lid.^ 

Abducts  eye  and  rotates  verti- 
cal meridian  outward;  action 
increases  as  eye  is  turned  out. 

Adducts  eye  and  rotates  verti- 
cal meridian  out;  action  in- 
creases as  eye  is  turned  in. 
Pulls  down  lower  lid.* 

Abducts  eye  and  rotates  verti- 
cal meridian  in;  action 
as  eye  is  turned  out. 


The  movements  of  each  eye  and  the  part  which  the  various  muscles  take  in  pro- 
ducing them  are  as  follows: 

Abduction. 

The  eye  is  carried  straight  out  by  the  external  rectus  assisted  especially  toward 
the  end  of  its  course,  by  the  two  obliques.'  The  latter  nullify  each  others'  vertical 
and  torsion  action,  so  that  the  eye  moves  straight  out,  and  its  vertical  meridian  re- 
mains vertical.    The  external  rectus  pulls  the  outer  canthus  outward. 

Adduction. 
The  eye  is  carried  straight  in  by  the  internal  rectus  assisted,  especially  toward 
the  end  of  its  course  by  the  superior  and  inferior  recti.*    The  latter  nullify  each  othere' 
vertical  and  torsion  action,  so  that  the  eye  moves  straight  inward,  and  its  vertical 
meridian  remains  vertical.    The  inner  canthus  is  pulled  back  and  inward. 

Elevation. 

The  eye  is  carried  straight  up  by  the  superior  rectus  and  the  inferior  oWque,  the 
external  and  internal  recti  probably  acting  to  steady  it  in  its  course.  The  two  elevat- 
ing muscles  counteract  each  other  so  far  as  regards  lateral  action  and  torsion,  so  that 
the  eye  moves  straight  up  and  the  vertical  meridian  remains  vertical.  The  superior 
rectus  helps  to  lift  the  upper  lid. 

In  moving  up  and  ovi,  the  eye  is  carried  up  mainly  by  the  superior  rectus,  out  by 
the  external  rectus  assisted  by  the  inferior  oblique.  The  vertical  meridian  is  tilted 
outward.* 

In  moving  up  and  in,  the  eye  is  carried  up  mainly  by  the  inferior  oblique,  in  by  the 
internal  rectus  assisted  by  the  superior  rectus.    The  vertical  meridian  is  tilted  inward.' 

^From  fascial  attachments  of  the  tendon  to  the  lid. 

*  In  abduction  the  superior  and  inferior  recti  also  act,  but  as  they  have  littl«  or  no  adductinir 
power  when  the  eye  is  turned  out,  and  as  their  torsion  and  vertical  actions  nullify  each  other,  all  they 
can  do  IS  to  steady  the  eye  in  its  course  by  their  mutually  counteracting  pull.  The  same  is  true  of  the 
two  obliques  when  the  eve  is  adducted. 

,  *  ^^^en  the  eye  is  abducted  the  lateral  and  torsion  action  of  the  superior  rectus  is  siicht  and  that 
of  the  mfenor  oblique  marked-  on  the  other  hand,  the  elevating  power  of  the  latter  is  nil  and  that 
of  the  superior  rectus  considerable.  Hence  if  both  muscles  act,  the  eye  is  carried  up  ahnort  exduarrely 
by  the  superior  rectus  while  the  preponderating  lateral  action  of  the  oblique  carnen  it  still  further 
put,  and  tilts  its  meridian  mward.  Similar  reasoning  applies  to  the  statanents  mad«  reaarding  the 
lateral  movements  and  the  position  of  the  vertical  meridian  in  the  other  directions  of  the 
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The  eye  i>  t^arried  f^traight  down  by  the?  inferior  rectus  and  the  superior  oblitiue, 
the  extjcrrml  and  internal  recti  probably  at'tin^  to  steady  it  in  if  a  descent.  The  lateral 
and  tlui  torsion  actions  of  the  two  tlopressorw  nullify  each  oilier,  so  that  the  eye  moves 
straight  down  antJ  its  vertical  meridian  remains  verticaL  The  inft*rior  rectim  assists 
in  depre-Hsing  the  lower  lid, 

hi  tnoviiiR  down  ufui  oui,  the  eye  m  carried  dowti  mainly  by  the  inferior  rectus, 
out  by  the  extttnial  rc^ctus  assisted  by  the  superior  ohbque.  The  vertica.1  meridian 
in  tilted   inward. 

In  movmg  iiown  and  in,  the  eye  is  carried  down  mainly  by  the  superior  oblique,  in 
l>y  the  iiirenial  rectu-s  assisted  by  tlie  inferior  rectus.    The  vertical  meridian  m  tilted  out. 

Parallel  Movements  of  the  Two  Eyes.— The  mits<?l»-»  of  the  eyes  may  be 
grouped  aceortling  to  their  main  action  as  follows  : 


Righl  Roiaton 

(Carrying  bf»th  eyes  to  right) 
R.  external  rectus 
L.  internal  rectus 


Lateral  Rotators. 

Left  Rotators 


(Carrying  Iwth  eyes  to  left) 

R.  internal  rectus) 

L.  external  rectus 


IT  Elevators. 


Rifihl-hand  Elevator» 

(Acting  as  elevators  mainly  when  eyes 

Care  directed  to  right.) 
L  R.  superior  rectus 

I  L.  inferior  oblique 

Lei 


Left-hand  Eiexxitm» 
(Acting  as  elevators  mainly  when  eyra 
are  directed  to  left.) 
R.  inferior  oblique 
L.  superior  rectus 


III,  Depressors, 


Rifihi  'Im  mi  Deprexxura , 

(Acting  as  depressors  mainly  when  eyes 
»re  directed  to  right  J 
R.  inferior  rectus 
L.  superior  oblicjue 


Lfft-hi  nd  De  prtHmir» . 
(Acting  as  depressors  mainly  when  eyes 
are  directed  to  left.) 

R.  superior  oblique 
L.  inferior  rectus 


The  twelve  muscles  of  the  two  eyes  are  thus  divided  into  three  groups  of  four 
li;   and  each  gn>up  comprises  two  pairs  of  muscles,  mie  muscle  of  each  jmir  lieing 
in  the  right  eye,  the  other  in  the  left.     The  two  mascle-s  of  each  pair  are  called  tiMnofifite», 
The  movements  of  the  two  eyes  effected  i>y  these  tnusclcs  are: 


Lateral  Movement». 

The  eyes  are  carried  to  the  right  by  the  two  right  rotators,  U>  the  kfi  by  the  two 
left  rotators,  the  eyes  being  steadied  in  their  course  by  the  elevators  and  depressors* 
The  vertical  meridians  remain  vertical. 

Elevation. 

The  two  eyes  are  carried  siraighi  up  by  the  four  elevators,  being  also  steadied  in 
their  course  by  the  externid  and  internaj  recti.    The  vertical  meridians  remain  vertical 

In  moving  up  ami  riijht,  the  eyes  are  carried  up  mainly  by  the  two  right-hand  ele- 
vators, to  the  right  by  the  two  right  rotators  assisted  by  the  two  left-hand  elevators. 
Tlic  vertical  meridians  are  both  rotated  to  the  right. 

In  moving  tip  and  left,  tlie  two  eyes  are  cnrried  up  mainly  by  the  two  left-hand 
eb^vators,  to  the  left  by  the  two  left  rotators  assisted  by  the  two  right-hand  elevators. 
The  vertical  meridians  are  fioth  rotated  to  the  left. 


692  TEXT-BOOK  OF  OPHTHALMOLOGY. 

Depression. 
The  two  eyes  are  carried  straight  dovm  by  the  four  depressors,  being  also  steadied  in 
their  course  by  the  external  and  internal  recti.     The  vertical  meridians  remain  vertical. 
In  moving  down  and  rights  the  eyes  are  carried  down  mainly  by  the  two  right- 
hand  depressors,  to  the  right  by  the  two  right  rotators  assisted  by  the  two  left-hand 
depressors.    The  vertical  meridians  are  both  rotated  to  the  left. 

In  moving  down  and  left,  the  eyes  are  carried  down  mainly  by  the  two  left^iand 
depressors,  to  the  left  by  the  two  left  rotators  assisted  by  the  two  right-hand  depn«- 
sors.    The  vertical  meridians  are  both  rotated  to  the  right. 

Disjunctive  Movements  of  the  Two  Eyes.— The  disjunctive  movements  of 
the  eyes  are — 

1 .  Convergence,  effected  by  an  equal  and  simultaneous  contraction  of  both  internal 
recti.  It  may  be  combined  with  a  parallel  movement,  the  eyes  being  converged  and 
also  moved  right,  left,  up,  or  down.  Owing  to  a  combination  of  this  sort,  it  may  appear 
that  one  eye  stands  still  while  the  other  converges.  Thus,  if  a  prism  is  placed,  base 
out,  before  the  left  eye,  it  will  seem  as  if  the  latter  alone  turned  inward  in  obedience  to 
the  converging  impulse,  while  the  right  eye  remained  fixed.  In  reality,  both  eyes  con- 
verge to  an  equal  amount,  say  5°,  then  both  rotate  5°  to  the  right,  the  net  result  of  the 
movement  being  that  the  right  eye,  although  converging, 
looks  straight  forward.  The  same  thing  happens  when  an 
object  which  the  eyes  are  following,  is  brought  toward 
them,  not  in  the  median  line,  but  in  line  wth  the  right  eye. 
2.  Divergence,  effected  by  a  simultaneous  and  equal 

relaxation  of   both  internal    recti    (passive    diveigenoe), 

/       mac        assisted  probably  by  a  simultaneous  and  equal  contrac- 
FiG.  313.— Linear  Mkasure-      tion  of  both  external  recti  (active  divergence). 
MKNT  OF  THK  LATERAL  Ex-  3.  Divergcnce  in  a  vertical  plane,  eflfected  by  simuha- 

CUHSION8  OF  THK  Eyk.  ucous  coutrsctiou  of  the  elevators  of  one  eye  and  the 

depressors  of  the  other. — D.] 
The  measurement  of  the  excursions  of  the  eyeball  is  an  important  matter  not  oiüy 
for  physiologists,  but  also  for  the  ophthalmic  practitioner,  particularly  for  the  deter- 
mination of  the  degree  of  a  paralysis,  the  progress  of  its  improvement,  the  fMtjgnosis 
of  a  squint  operation,  etc.  The  simple  process  of  linear  mensuration,  according  to  the 
method  of  Alfred  Graefe,  is  applicable  only  to  movements  in  a  horizontal  direction 
(abduction  and  adduction).  The  patient  is  first  made  to  look  straight  forward  at  an 
object  which  has  been  placed  at  quite  a  distance  from  the  eye  in  the  middle  line  of  the 
face.  With  the  eyes  in  this  mid  position,  the  distance  between  the  outer  maqpn  of 
the  cornea  and  the  outer  angle  of  the  eye  (cm,  Fig.  313)  is  measured  with  a  pair  of 
compasses.  This  distance  is  also  measured  when  the  eyes  are  turned  as  far  inward 
and  as  far  outward  as  possible  (ci  and  ca).  The  difference  between  these  values  and 
the  value  for  the  middle  position  gives  the  magnitude  of  abduction  and  adducticm 
of  the  eyeball.  Suppose  we  have  found  rm  to  be  8  mm.,  ci  18  mm.,  and  ea  1  mm. 
Then  the  adduction  -  ci  —  cm  =  10  mm.,  and  the  abduction  ^=  cm  —  ca  =  7  mm. 
The  adduction  and  abduction  together  constitute  the  total  range  of  lateral  move- 
ment which,  in  the  example  selected,  w^ould  amount  to  17  mm. 

This  method  of  mensuration  is  attended  with  many  inaccuracies,  but,  owing  to 
its  simplicity  and  the  rapidity  with  wliich  it  can  be  performed,  it  is  a  very  suitable 
one,  particularly  for  cases  of  squint.  An  accurate  measurement  of  the  excursioDB 
can  be  made  by  means  of  the  perimeter.  The  person  examined  supports  his  bead 
on  the  chin  rest  of  the  instrument  in  such  a  way  that  the  eye  to  be  tested  (the  other 
meanwhile  must  be  kept  closed)  is  placed  at  the  center  of  the  perimetric  arc.  Objects 
(rather  large  test  types  being  the  best  for  this  purpose)  *  are  then  moved  along  the 
latter  from  the  periphery  toward  the  center,  until  the  patient  who  is  trying  to  look 

*  [A  much  better  test  object  consists  of  two  fine  dots  set  very  close  together  on  a  oard.  When  the 
l>atient  is  looking  precisely  at  the  dots  he  sees  them  as  two;  but  if  his  gaie  deviates  from  them  by  evea 
as  much  as  a  couple  of  degrees,  the  dots  are  seen  in  diffusion  circles  ana  henoe  appear  run  into  ooe. — D.i 
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sloiis  of  the  eyea  are  set  down  on  an  ordinarj^  perimetric  diagram.  The  region  iKue 
bumidiMi^  which  the  eye  controls  Üirough  its  excursion«,  is  called  the  field  of  fisahfm, 
Fl^.  H14  mIiows  the  field  of  fixation  of  a  normal  eye  according  to  Landolt.  (Otbrw 
find  that  the  eye  can  rotate  owi  50°,  in  53,  and  do^i-n  60*. — D,|  Paralyses  of  the 
eye  muscles  manifest  themselves  by  a  oomesponditig  limitation  of  the  üeid  of  fijimiiuiL 
[The  excursions  of  the  eye  may  also  be  measured  with  Stevens^s  iTDpoiniier. 
See  Fig.  315— D.]  

Nerved  of  thb  Ocular  Mithclbs. — Paralyse»  of  the  ocular  musclfse  are  a  fm>- 

quent  sjinplom  of  cerebral  uffeclions.     He  who  knows  accumtoly  the  origin  of  U» 
musf'ular  nerves  of  the  eye  in  the  l>rain,  atul  their  course  down  to  the  orbit,  will  ofteo 
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FiQ*  316. — ^NucLBi  or  Omoin  op  thr  Nfrvf»  of  the  Ocituar  Mr  -  . .        .    *i.,«Anc  BAOfrru*! 
TiON  THKoncfit  TH>:  CAur^KX  CERjiiiEl.    N»tural  ail*» 

The  cHnjIo-tntJtor  tiuclpUM.  ///,  lies  heriB»th  the  anterior  p«ir  of  tul>er<!lefl  of  %}>"  n*-.»^i 
KeminuuE,  Q,    The  fiber«  comtnK  from  this  nuclt»ui*  rim,  convcnnriÄ  downwanl,  ajid  ■ 
nervts  tryiik,  O,  at  the  ttril^^riur  Ixirijer  of  the  pcjiis,  i*fi.     Directly  t>ehin(l  the  ocuJc» 
the  fiueleui*.  /K,  of  the  Iroclikftr  ai»r\'rt,  from  which  the  tmnk  of  the  werve  pasM«  *; 
pointt  (drtiwii  of  light  c<>h>r  in  the  fiirure)  directly  above  it*  af)d  at  the  posterior  tunt 
<ju«*iirii!r«iminum,  represent  the  croiw  wptiorw)  of  the  tninkw  ff  the  trochleur  nerve»  »> 
the  velum  mcdultare  ariticiim.    The  fiycleu.s  of  the  abdueen»,  T7,  Ue*  upon  the  floor 
tride,  4.  directly  l'>enealh  itie  nucleu.*»  of  the  facial  nerv'c»  VI  I,     The  dotted  band 
nucleuei  of  the  »bflunens  to  ttie  nucleus  tif  the  trtichlear  nerve  reprewnts  the  po>i 
faacieuluiM  conneclinit  the  nerve  nuclei.    The  trunk  of  the  ahducens,  ^4,  emenrf^  "' 
der  of  the  pori".    a  «*hows  the  dite  of  a  Ie.<^ion  whieh,  through  deütruetion  of  tl  • 
and  the  pi»Tami<Ial  Iruet»  P  P^  would  result  in  altematinj^  paraJyui^  of  this  in 
ties.     In  like  fa^ihion  a  tettion  at  b  would  pr^ndyc«  alteruRtiUiiB:  paralysbt  of  the  ;^L..^- 
tremitfe».    Pi  Pi,  pymmidÄl  tract  of  the  other  «ride;    TK  optic  thalamus. 


be  able  to  dol^rmine,  from  the  kind  of  the  paralyses  and  the  way  in  which  they  are 
oomf)ined,  the  sit«  of  the  tension,  and  hence  be  a!>le  to  give  a  more  pn^ctse  diai^ode 
of  the  brain  disease  with  respiM't  to  its  nature  and  situation  than  would  ho  oil^erwifi« 
possible.  For  this  reason  the  moHt  impnrtjint  pointj?  relating  to  the  origin  and  coum 
of  the  nerves  of  the  ocular  must-les  will  heix>  be  briefly  g:iven. 

The  movement^?  of  the  oculjir  n  nisi -los  are  regulated  by  nervous  centers  of  diffcr^nl 
rank.  The  lowe^^t  (»enters  are  the  nurlpi  in  the  central  gray  matter  which  adjoins 
the  ventricles  and  from  which  the  tnmks  of  the  nerves  themselvc«  arise. 

The  nuclei  lie  one  lieneath  the  other,  and  are  connected  by  transverse  fibers  whi< 
nm  from  the  nuclei  of  one  side  to  tlinse  of  the  other,  and  by  longitudinal  fibi*r8  {%h 
posterior  longiturhnal  bun<ile),  which  join  the  proximal  to  tht^  distal  nucbi.  From  ti 
nuflei  fit)ef>?  tisecnd  to  the  cort4?x,  going  to  the  centers  for  the  voluntary  aatocial^ 
movements  of  the  eyes  in  the  gyrus  angularis  (Bemheimer).     [It  aeems  likely  thai 
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the  anjciilar  (aj>TU»  is  rather  the  i"<mter  for  reflex  or  involuntary  associated  movements, 
the  centers  for  willed  inovements  of  the  eyes  being  situated  further  forward  in  the 
cortex. — D,| 

The  centers  most  accurately  known  are  those  of  the  first  rank — i.  e.,  the  nuelei  of 
origin  of  the  nerves  of  tlie  ocular  rnusrles.     Th«'sp  lip  beneath  the  aqtifduet  of  Sylvius  and 

I  on  the  floor  of  the  fourth  ventricle  on  both  sides  of  the  rhaphe.     The  most  anttMitjir  is 

I  the  nucleus  of  the  ocido'moicr  iicrrc 
(///,  Fija;,  HKi),  which  lic*8  beneath  the 
aquedurt  in  the  region  of  the  anterior 
corpora  biici'nrina.  It  I'onaisls  of  sev- 
eral paired!  and  one  iinpaireil  Rroup 
of  isaagUon  cells.  And  in  a  phynio- 
logical  sense  it  must  be  regarded  as 
coniposi'd  of  a  number  of  partial 
nuclei.  But  which  separate  group  of 
ganghon  cells  Ih^Ioiirs  to  each  muscle 
inner\^ated  by  the  oculo-motor  ner\*e 
has  not  yet  h(K»n  preciHcly  determined 
for  man.  For  monkeys,  in  which 
the  relations  ure  probably  similar, 
Bernlieimer,  on  the  basiH  of  «^xperi- 
ment-al  investigations,  has  worked 
out  the  plan  shown  in  ^'ig,  317.  This 
confimis  what  clinical  c^xperience  has 
alre^y  shown,  that  the  nuclei  of  ori- 
gin of  museales  that  are  s>'nergctic  in 
action  are  in  juxtaposition — e.  g., 
the  nuclei  for  the  pupil,  ftjr  accom- 
modation, and  for  ccravergence  (in- 
ternal recti);  the  nuclei  of  the  superior 
rectua  and  inferior  oblique  (subserv- 
ing elevation  of  the  eye);  and  the 
nuclei  (subser\'ing  ^Icpression  of  the 
eye)  of  the*  inferif^r  rectus  and  tlio 
trochlearis,  which  latter  does  not  be- 
long   to   the    domain  of  the    oculo- 

>•  motor  nerve. 

The  fibers  coming  from  the  oculo- 
motor nucleus  pass  down  through  the 
crus  cerebri,  psu^t  of  thi*  fibers  remain- 

( ing  on  (he  same  side,  another  part 
crossing  to  the  other  side.  At  the 
base  of  the  brain  the  oculcnmotor 
fibers  become  visible  on  the  anterior 
border  of  the  pons  (0,  Fig.  316). 
From  this  point  the  oculo -motor 
nerve  runs  in  the  wall  of  the  cavern- 
ous sinus  (Fig.  31U)  and  through 
the  superior  orbital  fissure  into  the 
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FlO,    317. SrHKHA-nr-    BtiPl«K««NTAT10!V   OF  TH«     Nu- 

€KKA.n  Rf.oion  or  tub  Occlo-motob  as  a  mm 
Trochlea  a  NKnvrs  iw  a  Mokkst.  Soeo  from 
ftbove.    (After  Bemheimer.) 

The  median  nuclei  are  sbutded;  tticy  Mrc  desiRnGd 
for  tlie  intenor  mniflcles  of  the  eye.  the  two  lujterior 
(puircd  And  eompoaed  of  imikll  eel  I» J  beLag  dcwKned 
for  iho  pupil,  the  poei tenor  (unpiured,  lariEe-cetled 
med  Ina  nucleuH)  for  accom  mod  »lion.  The  group»  of 
KOHRlioti  ceÜB  mtu&t«tl  on  either  »ide  of  the  tnedian 
nurjei  form  togcthor  tho  nicht  and  hit  if^oio  JAi«ni.I 
nurlema.  Thc^y  compriüe  the  remuD  of  origin  of  th« 
nt-rves  for  the  exterior  ocular  muscli?«,  »nd  immcdintely 
adjoiaing  thein  behind  iü  tha  nucleua  of  tho  trochleftr 
nervo,  [AIP  the  fibers  from  th«  purtial  nuclei  of  the 
inibrioT  nuiarli!'»,  the  levator  land  the  »uneritar  rectu», 
moat  of  ihojte  from  the  partial  utic^Ieui  of  the  internal 
rectus,  and  a  few  of  thoso  from  the  partial  nurli^u:^  for 
the  inferior  obli^iue»  run  to  the  eve  of  the  same  aide: 
the  remaining:  fiber«  frurEu  tbe«!  hitter  two  nuclei  and 
all  the  ßb«r,iTrotu  the  nuclei  of  the  inferior  rectus  and 
tho  «uporior  oblique  run  to  the  f>ve  of  the  other  aide. 
6eo  also  Fiic.  aiH.— D.]  The  actual  dispoaition  of  th« 
oueleus  ig  »ueh  that  the  partial  nucleus  for  the  levator 
represent«  the  proximal,  that  for  the  inferior  rectus  the 
distal  end  of  the  main  lateral  nucleua,  and  the  mediao 
nuclei  lie  between  the  proi,imal  end:«  of  the  lateral  mi* 
elei.  In  reality  no  sharp  dilTerentiatton  of  the  partial 
nuclei  within  the  maio  lateral  nuclt'U*e)tiist«,  and  hene« 
the  jiituatioa  of  the  individual  paj-tiul  nuclei  can  cot 
be  diftcrmiaed  precisely  but  appro Jumately  only. 


orbit. 

The  nucleui»  of  the  trochlear  nerm^  (IV,  Fig.  316)  follows  almost  directly  upon  the 

'  posterior  extremity  of  the  oeulo-motor  nucleus,  so  that  it  luiglit  ahnost  be  regarded 

BS  the  last  partial  nueleua  of  the  latter  [cf.  Fig.  318].     It  hea  beneath  the  posterior 

tubercles  of  the  corpus  c|ua(irigeimnam.     But  the  fibers  which  arise  from  it  do  not  join 

•[Thill  description  haa  been  iiiodi6«d  aomewbat  from  the  onginal  to  make  it  conform  to  B«ni- 
heimer'a  atat«oienta, — DJ 
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with  the  trunk  of  the  ocul(Mnotor  nerve  which  runs  downward,  but  pass  in  the  Ofiponte 
direction  upward  and  backward,  into  the  velum  medtillare  anticiun.  In  this  they 
pass  over  to  the  other  side  and  thus  decussate  with  the  fibers  of  the  opposite  nerve, 
and  then  come  out  upon  the  base  of  the  brain,  winding  about  the  crus  cerebri  and 
passing  outward. 

.17 


f       1    {  I 


Iß    i  i 
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[Fia.  318. — Distribution   or  the   Nerves   running  to  the   Motor  Apparatus  op  the   Etb 
ACCORDING  TO  Bernheimer.    Left  Nucleiu. 

A,  section  of  left  6th  nerve;  B,- section  of  left  3(1  nerve,  comprising  only  that  portion  which  con- 
tains the  direct  fibers  (from  the  left  nucleus) :  C,  section  of  right  3*\  nerve,  comprising  only  that  portioa 
which  contains  the  crossed  fibers  (from  the  left  nucleus);  D,  section  of  right  4th  nerve.  R,  rieht  eye. 
L,  left  eye.  U,  right  upper  lid.  ///,  left  oculo-motor  nucleus.  IV,  left  trochlear  nudeus.  VV.  left 
abducens  nucleus,  connected  with  ///  by  posterior  longitudinal  bundle,  P.  a,  a,  a,  association  fibert. 
from  right  hemisphere  (angular  gyrus)  to  Vf,  bifurcating  there  to  form  a',  </,  a',  fibers  to  the  left  ex- 
ternal rectus  and  a",  a",  a",  fibers  to  right  internal  rectus.  letter  fibers  pass  through  P  to  ///  and  thenoe 
through  C  to  the  muscle.  These  fibers  subserve  parallel  movements  only.  i.  e.,  rotation  to  the  krft  in 
conjunction  with  the  left  external  rectus,  b,  6,  6,  fibers  to  left  internal  rectus  (subserving  conver- 
gence only,  not  parallel  movement«),  c,  e.  c,  fibers  to  left  superior  rectus,  d,  d,  d,  fibers  to  mt  levator 
palpebrsp.  e,  e,  e,  fibers,  (few  in  number)  to  the  left  inferior  oblique.  /,  /,  /,  fibers  (many  in  number) 
to  ri^ht  inferior  oblique,  a,  g,  g,  fibers  to  right  inferior  rectus,  h,  h,  h,  fibers  to  right  superior  oblique. 
i,  i,  t,  fibers  to  left  ins  and  ciliary  mascle. —  D.] 

The  nucleus  of  the  abducens  (VI,  Fig.  316)  lies  pretty  far  behind  the  nuclei  of 
the  other  two  nerves,  and  in  the  immediate  vicinity  of  the  facial  nucleus  (VII,  Fig. 
316),  a  little  in  front  of  the  striae  medulläres.  The  nerve  fibers  arising  from  the  nucleus 
pass  downward  between  the  bundles  of  the  pyramidal  tracts  and  become  visible  at 
the  posterior  border  of  the  pons  (A,  Fig.  316).  Both  the  trochlear  and  the  abducens 
nerves,  as  soon  as  they  have  reached  the  base  of  the  brain,  run  forward  like  the  oculo- 
motor nerve  and  pass  through  the  cavernous  sinus  (Fig.  319)  and  through  the 
superior  orbital  fissure  into  the  orbit. 


DISTURBANCES  OF  MOTILITY  OF  THE  EYE. 


m 


Theory  of  SpAr  e  Pkk*  kption. — Ac(x»r<tmg  to  the  doctrine  of  projertion  the 
visuul  sR^ntäationB  produced  by  lookiiif?  at  objci-t«  are  projertecl  out  inmi  the  eye  or  the 
head  by  a  psychic  act  which  ^presents  the  result  of  the  exj^erience  of  the  individual 
in  question.  By  virtue  of  this  projection  the  path  which  rays  of  light  have  traversed 
in  going  to  the  eye  is,  so  to  speiik,  rc^-tm versed,  and  this  cauaes  the  correct  localization 
of  the  obiect  producing  the  visual  sensation. 

In  opposition  to  this  idea,  Hering  has  enunciated  the  proposition  that  visual 
sensations  possess  a  priori  a  "spatial  quality/*  A  definite  spatial  concept  is  always 
associated  with  the  stimulation  of  a  definite  retinal  element;  and,  because  of  the  spatial 
qualities  belonging  to  thein,  the  visual  sensations  form  a  subjective  space  of  their 
own  into  which  we  look — the  st)-called  **  vistial  sfjaee.  *'  Any  two  suitably  related  point« 
on  the  two  retinae  have  the  property  that  an  object  which  forms  it^i  image  on  each  ifl 
associate<l  with  the  same  spatial  concejtt  and  hence  \a  seen  by  the  observer  hi  the  same 
direction  with  ei^ch  eye  ("identical  visual  projection  from  eorresfxnKÜng  retinal  point«"), 
so  that  the  viJ^ual  space«  of  the  two  eyes  arc  identical.  We  can  conceive  of  this  as  taking 
place  by  the  nliding  of  the  two  retinae  ov(vr  each  other  in  8U<'h  a  way  that  the  correspond- 
ing points  of  the  two  eoLncide,    If  from  such  an  imagineti  ''cyclopean"  eye  (which  would 
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V   ■A'^Hi^nfiKplii  wyefi  are  attached  aluo  to  the  inner  amJ  Inwrr  w'aU  of  the  carulid  artery,  which  form- 
'  mir  an  9»«l)aped  beijd  he*  in  the»  i^inu^.    The  oiikt  and  upper  wall  of  th<*  carotid  art<?ry  iw  adherent 

tu  Oll'  wall  (jf  the  piftii«,  Imbedcled  in  this  wall  ho  the  thriM!  nerie^i  aupplyitig  the  eve  niU!*eleA,  awfl 
further  behjw  lie  the  fir?*!  atitl  second  braufhe»  of  the  trigeminus.  The  third  branrli  i>r  the  tngetniauji 
leave»  the  cranial  eavity  t urolith  the  fonunen  ovale. 


Fio. 


fforimett  ovale 
310. — FuoNTAL  ötCTioN  THBouQa  THE  SiNtT»  CAVERMoaua.  (After  Merkd). 


lUa  be«!  upon  the  lateral  (Üvidioia  of  fh«  btnly  of  the  isptienijid  Ijone,     It  i«  traverned  by 
la  wlliieh  are  attached  ahto  to  the  inner  and  hiwer  wall  of  the  carotid  artery. 


lie  about  at  the  root  of  the  nose)  we  draw  lines  of  dirc^ction  out  into  space  they  would 
represent  approximately  the  lin'^s  of  visual  projection  of  the  double  eye.  The  projec- 
tion hue  corresponding  to  the  two  foveie  rent  rale?* — eaüefl  the  principal  projection  line 
— IS  m  general  pointed  straight  ahead  in  the  median  plan*v.  providt^l  the  visual  lines 
are  either  parallel  and  directed  straight  forward  or  are  symnietri  rally  eon  verges  I, 

To  other  pcjrtionÄ  of  tlie  retina  apf>ertain  distinct  lines*  of  projection  difTering 
from  the  chief  line.  If  stich  jxjrtitnm  in  the  two  retina*  ure  corresfxindent ,  Bliüiulation 
of  them  nets  going  a  visual  .sensation  which  is  loeahieod  on  the  plane  of  the  point  of 
fixation  (called  the  reference  plane).  In  this  way  the  retinal  image«  are  localized  so 
far  as  their  height  and  width  are  com-erned.  Their  localization  so  far  as  regards  depth 
(fore  and  aft  from  the  olxserver)  is  effected  by  the  pii>*Jsiological  double  images.  Ihese 
develop  when  an  object  is  so  sittiated  in  »pace  as  ti»  stimulate  noti-et>rre*«pondent  por- 
tions of  the  rt;?tinu'.  The  object  then  apipears  double  {Fig.  H2Ü}.  If  the  image  seen 
on  the  right  side  belongs  to  the  right  eye,  we  speak  of  ttie  double  images  as  being 
homonjmiotis;  if  it  belongs  to  the  opfwisite  eye,  wi?»  spcrak  of  ihern  as  crossed.  Ho- 
monymous double  images  are  projected  beyond  tlic  refcrenee  plane  (Fig.  320),  and 
crossed  double  images  to  the  hither  side  of  it;  the  apparent  distance  from  the  refer- 
ence plane  of  the  object  tlnia  seen  double  increases  with  the  apparent  distance  of  the 
double  images  from  each  other,  i.  e.,  with  their  disparatwn. 

The  spatial  relations  of  the  objects  contained  in  visual  space,  i,  e.,  the  apparent 
amount  of  their  separation  from  each  other  in  terms  of  breadth,  height,  and  depth, 
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we  call  relative  localitation  (in  analogy  with  objective  orientation),  in  distinction  from 
absolute  localization  (subjective  orientation),  by  which  we  understand  the  poBition  with 
regard  to  the  observer  and  the  distance  from  him  of  the  whole  complex  of  things  seen 
at  any  one  time. 

Relative  localization  depends  entirely  upon  the  position  of  the  images  on  the 
retina,  and,  in  its  turn  determines  the  movements  of  the  gaze  that  are  guided  by  at- 
tention. When  an  object  that  is  seen  by  indirect  vision  attracts  the  attention,  the 
appropriate  movement  of  the  gaze  is  started  up  by  the  effort  that  the  person  makes 
to  see  the  object  more  clearly.  Before  the  movement  begins,  its  purpose  which  is  to 
bring  the  image  of  the  object  on  the  fovea  centralis,  is  already  defined.  The*situation 
of  the  fovea  with  relation  to  the  site  on  the  retina  of  the  indirectly  seen  image  deter- 
mines the  direction  and  amount  of  the  movement. 

Toward  the  will,  acting  under  the  guidance  of  spatial  pwroeptions,  the  two  eyes 
behave  like  a  single  organ.    The  object  that  excites  a  movement  of  the  gaze,  appears 


Fio.  320. — Physiological  Double  Vision. 

The  point  of  fixation.  O,  form9  its  image  on  the  foveie  centrales,  /,  in  both  eyes.  A  more  remote 
point,  G,  forms  its  image  at  g,  to  the  nasal  side  of  the  fovea  in  both  eyes.  Hence,  when  |>rojeeted  oo 
the  reference  plane,  K  K,  at  the  distance  of  the  point  O,  it  appears  double,  the  images  being  at  y„  §,. 
Since  the  right  image  is  seen  with  the  right  eye  and  vice  versa,  the  double  images  are  homonymous.  A 
point,  U,  nearer  than  O,  forma  its  image  in  u,  u,  to  the  temporal  side  of  the  fovee  in  both  eye»  aind 
therefore  appears  in  heteronymous  double  images  u„  u,.  Because  of  these  double  images,  therefore. 
if  the  gaze  is  directed  at  O,  G  looks  further  and  U  nearer  than  O,  and  that  even  if  the  gase  does  not 
move  from  O. 

either  to  the  right  or  left,  or  above  or  below,  or  closer  or  more  remote  than  the  object 
fixed;  and  there  is  set  up  accordingly  either  a  movement  to  right  or  left,  or  a  move- 
ment up  or  down,  or  an  increase  or  decrease  of  the  convergence.  Now  it  is  a  funda- 
mental proposition  that  the  impulse  acting  to  produce  these  movements  always  flows 
in  equal  intensity  to  the  two  eyes,  so  that  in  this  regard  the  eyes  may  be  said  to  be- 
have like  a  single,  or  cyclopean  eye. 

This  association  of  movement,  in  which  the  sensory  correspondence  of  the  retins 
is  reflected,  is  compulsory — a  fact  which  asserts  itself,  for  instance,  in  this  that  an 
eye  which  is  blind  or  is  covered  shares  in  the  movement«  of  the  eye  which  sees,  and  so 
much  so  that  the  will  is  unable  to  suppress  this  associated  movement,  objectlees  as  it 
is  for  vision. 

One  consequence  of  this  law  of  movement  is  the  pathological  diplopia  that  occura 
in  paralysis  of  the  individual  eye  muscles.  If,  for  example,  the  external  rectus  of  the 
right  eye  is  paretic,  then  when  the  gaze  is  directed  to  the  right  the  same  impulse  is 
sent,  in  spite  of  the  paralysis,  to  the  soimd  internal  rectus  of  the  left  eye  and  the  paim- 
lyzed  external  rectus  of  the  right.  Consequently,  the  paralyzed  right  eye  wül  lag 
behind  in  comparison  with  the  left,  so  that  the  images  of  a  point  will  no  longer  fall 
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upon  correspoQdmg  sfM>tfl  of  thi*  rrtiniü.  T!je  imag«^  of  tht*  ohjwt  O  (Fig,  3'20)>  which  the 
Ifft  eye  is  fixing,  instead  of  falling  on  the  fovea  in  the  parrilyz<*d  eye,  falls  on  an  excen- 
trii-ally  situated  jKiint  of  the  retina,  which  is  correspomlent  with  a  point  having  a  simi- 
larly exeenlrie  situation  in  the  h'ft  retina.  Wherever  tliis  point  in  the  left  retina  lüral-j 
izes  the  light  stimulus  that  falls  upon  it,  there,  according  to  the  law  of  forrespon(lcnc#| 
of  the  retime,  will  the  right  eye  sec  the  object  of  fixation^,  e..  it  will  not  see  it  in  the 
Kime  place*  as  the  left  eyt^  docs.  Hence  the  object  looks  double.  The  pathological 
diplopia  produped  under  these  conditions  is  «list ingui^^hed  from  the  physin logical  diplo- 
pia above  described  by  the  fact  that  it  does?  not,  like  »he  latter,  extend  »imply  to  the 
objeetH  of  indirect  virion,  but  also  involves  the  object  of  fixation,  whatever  it  may  be. 


P 


BiNOciTLAR  Vision. — The  fact  of  a  person's  seeing  single  with  two  eyes  may  bo  j 
accomplished  in  two  ways.  Either  he  fixes  eorreclly  with  both  eyes  and  refers  to  th©| 
same  spot  the  impressions  produced  in  l>oth  (binm-ular  single  vision)  or  one  of  the 
two  eyea  fails  to  see,  either  because  it  is  blind  or  because  it  suppresses  the  impression 
that  it  receives  (monocular  vision).  How  can  we  know  which  of  these  two  conditions 
is  present  in  any  given  case?  By  deteni^ining  whether  the  object  is  fixated  properly  I 
with  iKjth  eyes,  for  it  is  only  under  these  conditions  that  binocular  single  vision 
possil>le.  If  a  manifest  deviation  of  one  eye  is  present,  no  further  test  is  necessary.* 
The  ease  is  different  if  there  is  no  deviation  that  we  can  see  or  at  least  none  that  we 
can  be  certain  of.  Then  we  make  the  following  test:  We  make  the  patient  fixate  an 
ol>ject,  e.  g,,  a  lighted  candle,  some  metres  distant,  and  we  cover  first  one  eye,  then 
the  o tiler,  H  the  two  eyes  are  rightly  placed,  each  will  remain  fixed  in  its  position 
after  the  oltier  is  covered.  But  let  us  assume  tlial  the  right  eye  deviates  a  little  out- 
ward when  the  left  ia  fixe<l  nfK)n  the  object.  If,  now\  the  fornner  is  covered,  the  left 
will  continue  in  the  act  of  fixation;  but  if  the  left  is  covered,  the  right  has  to  be  brought 
into  the  position  of  fixation  by  a  movement  of  adduction.  Hence,  in  covering  the 
eye  which  is  jit^rfornving  fixation,  we  notice  a  movement  of  adjustment  in  the  non- 
fixing  eye,  the  direction  of  which  movement  is  p^reeisely  opposite  to  that  of  the  pre- 
vious deflection.  This  movement  of  adjustment  is  still  distinctly  visible  when  the 
deflection  itself  is  too  slight  to  l>e  recognized  with  c*ertainty. 

Now  in  all  cases  in  which  correct  fixation  by  the  two  eyes  is  not  present- and 
that,  whether  the  deviation  is  a  manifest  one  or  is  demonstrated  only  by  the  test  above 
g^ven — ^  binocular  single  vision  v^n  not  exist.  If,  nevertheless,  there  is  single  vision^ 
this  can  be  accounted  for  only  upon  the  assumption  that  the  image  formed  in  the  devi- 
ating eye  is  either  not  perceivetl  or  Is  suppressed.  If,  on  the  other  hand,  correct  fixation 
is  proved  to  exist  in  both  eyes,  we  may  assume  that  the  single  vision  is  a  Itinocular 
one.'^  In  order  to  be  tpiite  sure,  we  may  apply  another  test,  so  as  to  determine  whether 
the  single  vision  depends  upon  the  fusion  of  the  two  image»  or  upon  the  suppression 
of  one.  We  hold  a  prism  with  its  base  down  l)eforc  one  of  the  eyes  (Fig.  34.'i).  H 
there  was  binocular  vision  before,  two  images  would  now  necessiirily  be  seen  standing 
one  atx>ve  the  other  {o  and  o,).  But  if  there  is  still  single  vision,  this  cun  only  occur 
l>ecati8e  the  image  formed  in  one  of  the  eyes  is  either  not  pt^rceived  or  is  neglect-ed. 

To  determine  whether  there  is  also  binocular  vision  at  near  points,  e.  g.,  in  reading, 
the  simplest  procedure  is  to  cover  suddenly  sometimes  one,  sometimes  the  other  of 
the  patient's  eyes  as  he  is  reading.  If  one  eye  deviates  while  the  other  is  reading, 
and  if  then  it  hapficns  to  be  the  fixing  eye  that  is  covered,  the  deviated  eye  has  to 
aeürch  before  it  can  find  its  pbce  in  the  text,  and  we  notice  an  interruption  in  the 
reading.    Or  we  hold  vertically  a  few  centimetres  in  front  of  the  reader's  nose,  a  ruler 


•(Th©  patient  often  irfve«  wrong  information  oa  thii  point.  alleKiiig  that  he  wwt  aintfto  cither 
becnusp  through  bia  own  iiiattoDUoii  or  f&a1lttnt.'.<Mi  in  our  meimxl»  of  «itftminatiim  Üw  fart  of  hiAiiecinK 
fiotit»!«  19  not  brought  borne  to  him,  or  bec(iii«w>p  a«  happ«3ns  ici  periodic  and  mtermiitont  acjuial.  be  aomm 
uu^ie  at  one  moment  and  dout>le  at  anoiher.— -D.  I 

"  IThmi»  by  no  means  a  safe  a-tNumpiion  The  teat  ubovp  made  i»  »imply  one  of  binoeuUr  fixation 
((»ee  I  12H  B,  descriplion  of  the  »prcen  teat),  and  not  at  al)  one  nl  hinoeular  viaicui.  It  ia  quite  poo^ble, 
esperialiy  in  a  vat»*  of  rureil  »qutnt,  for  a  person  to  have  biuocu>ar  fixation  and  yet  al«o  have  cuDi' 
plete  auppre^oa  of  one  linage  and  hence  only  moaocuJar  vision.— DJ 
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which  should  not  be  too  narrow.  Then  he  can  read  [completely  and  without  moving 
his  head]  only  in  case  he  has  binocular  [single]  vision — doing  so  then  because  the  right 
eye  sees  the  letters  that  are  concealed  from  the  left  eye  by  the  ruler  and  vice  versa. 
[This  procedure,  which  is  called  bar  reading,  is  also  useful  as  an  exercise  in  binocular 
vision. — D.] 

It  is  only  a  person  who  has  binocular  single  vision  that  has  also  real  solid  or  stereo- 
scopic vision.  Hence,  we  may  also  test  binocular  vision  with  stereoscopic  pictures, 
special  samples  of  which  have  been  made  for  this  purpose.  A  particularly  delicate 
test  of  stereoscopic  vision — i.  e.,  of  the  perception  of  degrees  of  depth — is  by  means 
of  Hering's  test  with  falling  bodies.  The  person  under  examination  looks  with  both 
eyes  through  a  long  tube  at  a  slender  thread  stretched  vertically.  Little  balls  (glass 
beads  or  peas)  are  dropped  alongside  of  the  thread,  sometimes  in  front  of  it,  some- 
times belünd.  A  man  having  proper  binocular  vision  will  tell  every  time,  and  with- 
out delay  and  without  mistake,  whether  the  balls  have  fallen  in  front  or  behind  the 
thread;  but  one  having  only  monocular  vision  can  at  best  guess  at  what  takes  place, 
and  hence  often  makes  a  mistake. 

Binocular  single  vision  is  converted  into  binocular  double  vision  when  one  of  the 
two  eyes  leaves  the  correct  position  of  fixation.  This  takes  place  most  frequently  in 
consequence  of  disturbances  in  the  muscular  apparatus  of  the  eye.    But  the  eye  ran 

also  be  forced  mechanically  into  an 
incorrect  position — e.  g.,  by  tumora 
in  the  orbit,  etc.  Binocular  double 
vision  can  readily  be  produced  ex- 
perimentally by  pushing  one  eye  a 
little  to  one  side  by  pressure  with 
the  finger.  Finally,  double  vision 
ensues  whenever  the  excursions  of 
one  eye  are  limited,  as  compared 
with  those  of  the  other  by  mechani- 
cal obstacles,  as,  for  example,  by  sym- 
Fio.   321. — The   Overcoming   of   a   Prism    by  blepharon   or   by   pterygium. 

Convergence.  xhe  position  of  the  double  images  has 

already  been  considered  above.  The  dis- 
tance between  the  double  images  measured  in  degrees  of  arc  corresponds  precisely  to  the 
deflection  of  the  deviating  eye  from  the  correct  position,  and  can  therefore  serve  as  a 
measure  for  the  degree  of  deviation.  The  linear  distance  between  the  double  images, 
on  the  contrary,  depends  not  only  upon  the  degree  of  deviation,  but  also  upon  the 
distance  to  which  the  double  images  are  projected.  The  greater  this  distance  is,  the 
farther  apart  the  double  images  appear  to  be.  When  the  double  images  stand  very 
close  to  each  other  they  overlap  in  part,  so  that  only  their  outlines  appear  double.  In 
this  case  the  patient  is  often  not  aware  that  he  sees  double,  but  only  complains  of 
seeing  indistinctly  or  complains  that  every  object  has  a  shadow. 

Double  images  interfere  with  vision  and  cause  confusion,  so  that  every  one  tries 
to  avoid  them  as  far  as  he  can.  He  does  this  by  attempting  to  bring  the  eyes  by  suit- 
able muscular  effort  into  a  proper  position,  so  that  the  double  images  coalesce.  This 
attempt  at  union  or  fusion  of  the  double  images  is  called  the  fusion  tendency.  Fre- 
quently by  virtue  of  it  considerable  obstacles  opposing  single  vision  are  overcome. 
The  following  experiment  shows  this:  We  make  the  patient  gaze  at  an  object,  o,  and 
then  hold  before  one  of  the  eyes,  for  instance  the  right  one,  a  prism,  P,  whose  base  is 
directed  toward  the  temporal  side  (Fig.  321).  The  rays  coming  from  o  are  deflected 
toward  the  base  of  the  prism,  and  would  strike  the  retina  of  the  eye  at  a  point  to  the 
outer  side  of  the  fovea;  but  in  that  case,  as  the  object  forms  an  image  at  the  fovea, 
/i,  in  the  left  eye,  crossed  double  images  would  be  produced.  To  prevent  this,  the 
right  eye  is  turned  inward  until  the  fovea,  /,  has  moved  outward  suflloiently  far  to  be 
impinged  upon  by  the  rays  which  have  been  deflected  by  the  prism.  Hence,  to  avoid 
seeing  double,  an  increased  effort  at  convergence  is  made,  so  that  the  visual  lines  cross 
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mi  A  infltead  of  at  o.  By  this  convergence  the  prism  is  "overcomn/*  By  placing  con- 
«tanlty  stronger  and  stronger  prisms  before  the  eye.  we  find  the  strongest  prism  which 
•cjin  he  still  overcome  by  convt^ryenre,  and  which  therefore  is  a  naeaöure  of  the  latter. 
[For  the  miH^hanism  by  vvhirh  convergence  is  accomplished  a-ee  page  692. — D.] 

If  the  prism  Is  placed  b  fore  the  eye  witli  the  huse  inward,  the  rays  pacing  through! 
it  are  de'i'iated  in,  and  the  image*  of  the  object  is  thrown  to  the  inner  side  of  the  fovea. 
The  eye  must  then  l>e  turned  outwarti  in  order  to  bring  the  fovea  to  the  place  of  the 
image.  In  this  case,  accordingly,  to  produce  single  vision  the  prism  is  overcome  by 
a  divergence  of  the  eyes.  For  we  ai-e  able  not  only  to  make  otir  visual  hoes  parallel, 
but  under  certain  condition'*  even  to  make  them  a  little  divergent.  The  strongest 
prism  which  can  be  overcome  in  this  way  giv^es  the  measure  of  the  divo'gencef  or,  as  it  ^ 
is  also  (*u11(m!,  negative  convergence  (see  page  692]. 

The  tendency  to  ftision  also  makes  it^jelf  apparent  if  a  prism  is  pliM*ed  before  the 
€yea  with  its  base  up  or  down  (Fig,  343).  In  this  case  there  are  formed  double  iinagcs 
with  a  difference  of  level,  which  have  to  be  united  by  a  deviation  of  one  eye  upward 
or  downward  [or  rather  of  both  eyes,  one  going  up  the  other  down — divergence  in  a 
vertical  plane  (>ce  page  692). — DJ 

Very  strong  prisms  can  be  overcome  by  convergence,  weaker  ones  [of  5 A  to  8 A] 
by  divergence;  and  only  very  weak  prisms  (of  l^:*  or  2 A)  can  be  overoonae  by  vertical 
deviation  of  the  eye^s.     [For  prisms  and 
their  numbering  see  page  796 — D.] 

The  ability  to  jM*rfnrm  convergence,  as 
determined  with  prisms,  is  also  called 
adduction^  and  the  abihty  to  perform  diver- 
gen  ce  is  cal  I  cd  abdu  c  t  ion .  These  terms  had 
better  be  avoided,  an  they  arc  already  ap- 
plietl  to  denote  the  lateral  excursions  <side 
to  side)  of  the  eyes  (see  page  690),  which  fol- 
low quite  different  law».  This  is  immmli- 
ately  apparent  when  we  remember  that  when 
side  to  side  movements  are  to  be  made,  the 
eyes  can  be  abducted  until  the  external  niar- 
icin  of  the  cornea  almost  touches  the  external 

angle  of  the  eye,  while  the  outward  movement  of  the  eye  in  performing  divergence  is  but  a 
minimum  one.  Consequently  the  meiu*5Urement  of  the  excursions  of  the  eyes,  as  given 
on  page  592»  can  be  appliixi  only  to  excursions  made  in  eonncction  with  side  to  side 
movement!^  and  not  to  movements  of  convergence.  The  measure  for  these  is  afforded 
by  the  two  temiina!  (lositions  that  our  ej^es  can  take  with  reference  to  the  angle  included 
between  their  %^isual  lin*^.  These  positions  are  called  the  m-ar  jMttttt  and  far  point  of 
cottvtrgence.  The  near  point  is  the  nearest  point  upon  which  we  can  converge.  We  can 
determine  its  situation  directly  by  approxitnating  an  object  nefirer  and  nearer  to  the 
eyes  until  it  begins  to  look  double,  iln  l^mdolt's  ophthalmo-dynamometer  a  narrow 
TCrtical  slit,  which  is  illuminated  from  behind,  serves  as  the  object  of  observation.) 
The  maximum  convergence  can  also  be  detennined  in  the  way  d*^scribed  above — i.  e., 
by  means  of  prisms  placed,  base  out,  before  the  eyes.  The  far  point  of  convergence 
either  Ilea  at  infinite^  distance,  in  case  the  visual  lines  are  parallel,  when  the  convergence 
is  completely  relaxed,  or  it  lies  within  infinite  distance  (i.  e.,  is  positive)  or  beyond  (i,  e., 
is  negative).  Tlie  latter  means  that  a  certain  degree  of  divergence  is  jx^ssible,  which 
indeed  is  the  rule  for  normal  eyes.  The  situation  of  the  far  point  of  convergence,  if 
negative,  can  be  determined  only  by  means  of  prisms  placed,  base  in,  before  the  eyes. 
The  difference  between  the  maximum  and  minimum  of  convergence  (far  point  and  near 
point  of  convergence)  is  the  ampHtt^k  of  conifergence^  w^hich.  in  eases  Tvhere  the  eyes 
can  be  made  to  diverge  beyond  parallelism,  is  composed  of  a  positive  and  of  a  negative 
portion.  This  way  of  regarding  the  convergence  is  like  that  which  since  Donders*s 
time  has  obtaine<l  with  respect  to  the  accommodation  (see  $  141),  and  is  intended  to 
facilitate  the  comparison  of  these  two  ftmctiona  ivhich  are  ao  intimately  related.    With 


Fia.  322. — ^Bepresentatiox  op  thr  Metke* 
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^jlPiB  cut  off  in  front  of  its  apex  by  the  retina,  ho  tfiat  the  image  uf  the  point,  o,  is  a 
dttk  (difTusion  circle),  a,  and  the  point  looks  completely  blurred.  But  if  now  only 
two  bundJes  of  raj'»  out  of  the  entire  cone  are  adiintted  to  the  eye  through  the  dia- 
phragiii^  each  one  cast«  Us  own  smaller  diffusion  circle  {b  and  hi);  Ihe  point»  o,  m  now 
seen  more  distinctly,  it  is  true,  but  is  seen  double^V 

In  myopia,  eafiecially  of  high  degree,  the  compUdnt  is  sijme times  made  of  monoe* 
ular  diplopia.  [\ü&  makes  itself  particularly  apparent  when  rectilinear  outlines,  such 
as  telegraph  wires,  the  outline«  of  picture  frames,  etc  ,  Income  objecls  of  fixation, 
I  hey  then  appearing  double.  Here  we  are  probably  dealing  with  the  effect  of  an  ir- 
regular aetigmatisni. 

L  Pakalysis  of  the  Ocular  Muscles. 

124,  Symptoms.  L  Limitation  of  Mavemeni.— In  paralysis  of  an 
ocular  mu8t!le  the  excursion  of  the  eye  toward  the  side  corresponding 
to  the  action  of  the  muscle  that  is  paralyzed  is  diniinished  or  entirely 
abrogated.  If*  for  example,  the  extei^nal  rectus  of  the  right  eye  were 
completely  parnlyzed,  the  right  eye  could  be  brought  only  to  the  mid- 
dle line  and  not  beyond  it  to  the  right.  When  the  paralysis  is  incom- 
plete the  deficiency  in  motility  is,  of  course,  less  considerable,  and 
often  can  be  made  out  onl}'  by  comparison  with  the  other,  or  sound 
eye.  In  very  slight  paralyses  the  defective  motihty  is  not  markeii 
enough  to  be  recognized  at  all  with  certainty.  In  these  cases  we  must 
rely  for  our  diagnosis  Ufxm  the  double  images  protlured. 

The  result  of  the  limitation  of  mobility  is  a  lagging  behind  of  the 
eye  when  an  associtited  movement  is  initiated  within  the  sphere  of  action 
of  the  paralyzed  muscle.  Thus,  if  in  paralysis  of  the  right  externus  a 
point,  0  (Fig,  325),  situated  upon  the  right,  should  te  the  object  of 
fixation,  the  left  eye  will  be  adjusted  for  it  properly;  l>ut  the  right  eye 
will  not  be  turned  suthciently  far  to  the  right,  and  consequently  its 
visual  axis,  g,  will  shoot  off  to  the  left  of  the  object.  The  eye  "squints** 
inward  {strabisffms  jxiralyticus,  or  luscilas  *).  This  squinting  takes 
place  only  when  the  eye  is  turned  in  the  direction  of  the  sphere  of  action 
of  the  pa>alyzed  muscle,  and  1>ecomes  more  pronounced  the  farther  the 
eye  is  moved  toward  this  side;  but  in  all  directions  of  the  gaze  in  which 
the  paralysed  muscle  does  not  have  to  partit^ipate,  the  eyes  stand  in 
their  proper  position.  By  this  fact  paralytic  squint  is  distinguished 
from  ordinary  or  concomitant  squint,  which  is  present  in  all  directions 
in  which  the  eye  is  turned,  and  always  to  the  same  amount» 

The  measure  of  the  rh^floction  is  determined  l>y  the  angle  s  (Fig. 
325),  that  the  vi.sual  axis,  g,  makes  with  the  line  of  direction,  r,  which 
passes  from  the  object  to  the  retina  through  the  nodal  point  of  the  eye, 
and  which  gives  the  place  of  the  retinal  image,  b.  This  deflection  of  the 
squinting  eye  is  known  as  the  primary  derialion. 

While  the  patient  keeps  on  looking  at  the  object,  o,  a  screen,  S,  is 
placefl  Imfore  the  left  eye  (Hg.  326).  Now  the  right  eye  takes  up  the 
task  of  fixation,  it  being  presupposed  that  it  can  he  really  brought  far 


*  /Strohimnus,  from  trr/x^rii^^  to  (urn.       The  temn  tuweita»  rom«s  from  /uxrti«.  tquintinff,  and  19  At 
pr^tmit  utt^\  fxplumvely  for  puriilytie  atr&bifltnuiis.    From  tuscuj»  is  tleriv»!  the  Frencti  louche. 
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enough  to  the  right  for  this  purpose.  If  now  we  look  at  the  left  eye 
behind  the  screen  we  shall  find  it  turned  strongly  inward — much  more 
so,  in  fact,  than  the  right  eye  had  been  previously.  The  deflection  of 
the  sound  eye  when  covered,  which  is  measured  by  the  angle  «i,  (Fig. 
326),  is  called  the  secondary  deviation^  which  therefore  exceeds  the 
primary  deviation  in  magnitude.  It  is  accounted  for  as  follows:  When 
with  both  eyes  uncovered  the  gaze  was  directed  toward  the  right,  the 
left  internus  and  the  right  extemus  received  the  ordinary  impulse  for 
a  movement  to  the  right;  but  the  right  eye  lagged  behind  the  other 
in  proportion  as  the  right  externus,  owing  to  its  impaired  innervation, 
failed  to  answer  to  the  impulse.     If  now  the  left  eye  is  covered,  the 


Fio.  32.5. — PfUMART  Strabismic  Deviation  in 
Paraltmih  op  the  Right  £x£rnal  Rectus. 


Fio.  326. — Secondary  Strabuioc   Dbtiation   in 
Faraltbu  of  the  Right  Extrrnai«  Rbctüb. 


patient  is  compelled  to  make  fixation  with  the  right.  He  tries  now  to 
turn  this  eye  to  the  right,  by  sending  into  the  right  extemus  a  very 
strong  impulse  of  innervation,  although  in  so  doing  he  still  obtains  only 
a  very  slight  effect.  He  can  not,  however,  innervate  thus  strongly  the 
right  extemus  alone,  but  can  simply  send  out  to  both  eyes  a  very  ener- 
getic impulse  for  a  lateral  movement  to  the  right.  This  impulse, 
therefore,  also  affects  the  left  internus.  But  in  the  latter  the  impulse 
ha«  its  full  effect,  so  that  the  left  eye  is  drawn  very  strongly  to  the 
right  (inward).  Thus,  while  in  primary  deviation  it  is  a  mere  question 
of  lagging  behind  of  the  eye,  secondary  deviation  is  produced  by  a  power- 
ful muscular  traction;  therefore,  the  secondary  deviation  is  greater  than 
the  primary.  This  point,  too,  is  of  importance  in  distinguishing  be- 
twiUiti  paralytic  and  concomitant  squint,  since  in  the  latter  the  primary 
Hiul  necondary  deviation  are  usually  equal. 


To  measure  the  iiiaiqiitiide  of  the  primary  and  secondary  deviation 
the  best  way  is  to  mark  the  position  of  the  outer  margin  of  the  cornea 
ill  eaeh  case  by  an  oik  dot  on  the  lower  lid,  as  will  be  set  forth  more 
precisely  in  the  t^eetion  on  strabismus  ipti^v  730).     [See  also  page  744. | 

2.  FaUe  Orieuiniion. — With  the  paralyzed  eye  the  patient  does  not 
see  objet*ts  in  their  true  place.  For  suppose  that,  w^hen  the  right  ex- 
ternal rectus  is  paralyzed,  lie  shuts  the  left  eye  and  k*oks  with  the 
right  alone  at  an  object  situated  a  little  to  the  right — i.  e.,  within 
the  sphere  of  action  of  tlie  paralyze* I  mosek* — and  then  is  told  to  shut 
quickly  his  right  eye,  too,  and  thrust  at  the  ol»ject  with  his  index  finger; 
as  he  does  so,  the  finger  will  alwa\'s  be  carried  to  the  right  of  the 
object,  whence  it  ff>llows  that  the  latter 
is  seen  too  far  to  the  right  {Von  (rmefe's 
reachum  teM),  [The  test  is  better  made 
with  the  right  eye  open.~D.]  The 
same  phenomenon  comes  to  light  when 
the  patient  tries  to  walk  straight  toward 
a  given  point  with  the  help  of  his  para- 
lyzed eye>  the  other  being  closed.  He 
takes  a  wavering  and  zigzag  course, 
first  bending  his  steps  too  far  to  the 
right,  then  recognizing  his  mistake  antl 
correcting  it ;  then  deviating  anew  to 
the  right,  and  so  on. 

The  explanation  of  this  ot-currenre 
is  similar  to  that  which  has  been  given 
for  binocular  di}>lopia  (page  083).  The 
object  Is  falsely  localized*  iiecatise  the 
patieiU  is  in  error  in  regard  to  the  posi- 
tion   which    his    eye    occupies.      When 

(Fig.  327)  the  patient  with  his  paralyzed  right  eye  sights  the  olijert,  o, 
which  is  placed  somewhat  to  the  right  of  him,  i.e.,  looks  at  it  in  such  a 
way  that  it  forms  an  image  upon  the  fovea  centralis,  /*  he  can  afcomplish 
this  only  by  the  strongest  possiI>le  innervation  of  his  paralyzed  externus. 
Now.  the  ideas  which  we  have  with  respect  to  the  position  of  our  eyes 
depend  upon  our  sensations  with  regard  to  the  innervation  of  the  individ- 
ual muscles.  The  ,patient,  therefore,  is  compelled  to  believe  that  the  right 
eye  is  standing  in  the  most  extreme  position  of  right  lateral  rotation,  like 
the  eye  represented  by  the  dotted  line  in  Fig.  327.  because  he  has  scut  an 
impulse  for  a  rotation  to  this  amount  into  the  right  ex  tern  us,  and  he  can 
not  know  that  the  latter,  owing  to  the  impairment  of  the  ctjnduction. 
only  partially  obeys  this  impulse.  He  hence  proceeds  upon  the  assump- 
tion that  the  right  eye  is  turned  very  strongly  to  the  right ,  and  that  con- 
sequently its  fovea  is  at  /i;  he  is.  therefore,  also  compelled  to  iielieve  that 
the  object  whose  imuge  is  formed  at  the  fovea  lies  opposite  /^ — L  e.,  at  o, 
— and  he  hence  sees  the  object  too  far  to  the  right.  Accordingly,  objects 
45 
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which  are  sighted  by  the  paralyzed  eye  are  always  seen  too  far  toward 
that  side  to  which  the  paralyzed  muscle  moves  the  eye. 

3.  Diplopia, — This  occurs  when  vision  is  performed  with  both  eyes 
simultaneously  and  the  visual  lines  do  not  intersect  in  the  point  of 
fixation;  it  is  the  consequence  of  false  orientation  of  the  paralyzed  eye. 
The  explanation  of  the  way  in  which  the  double  images  are  produced, 
and  of  the  way  in  which  they  behave  in  the  different  abnormal  posi- 
tions of  the  eye,  has  been  given  on  pages  685  et  seq.  (for  Hering's  expla- 
nation see  page  698).  The  double  images  are  the  most  important  means 
that  we  can  call  to  our  aid  in  making  the  exact  diagnosis  of  paralyses. 

The  phenomena  so  far  mentioned,  such  as  restriction  of  motility, 
strabismus,  false  orientation,  and  diplopia,  make  their  appearance  only 
when  the  eyes  are  moving  in  the  sphere  of  action  of  the  paralyzed  mus- 
cle, and  become  more  and  more  marked  in  proportion  as  the  eyes  are 
moved  toward  this  side.  Thus,  in  complete  paralysis  of  the  right  ex- 
ternus  the  double  images  and  the  strabismus  make  their  appearance 
the  moment  the  eyes  pass  to  the  right  of  the  median  line  [in  fact,  at  a 
point  some  15°  or  20°  to  the  left  of  the  median  line. — D.]  The  more  the 
gaze  is  turned  in  this  direction,  the  farther  apart  are  the  double  images 
and  the  more  coaspicuous  is  the  strabismus.  If  we  should  have  an 
incomplete  paralysis  (paresis)  of  the  right  externus  before  us,  the 
double  images  and  the  strabismus  would  not  show  themselves  until 
the  eyes  had  been  turned  pretty  far  to  the  right,  and  in  extreme  cases 
not  until  the  gaze  was  directed  quite  laterally  (as  when,  for  example^ 
the  patient  looks  away  round  to  the  right).  From  the  direction 
of  the  eyes  in  which  strabismus  and  double  images  first  make  their 
appearance,  from  the  position  of  these  double  images  with  respect 
to  each  other,  and  from  the  way  in  which  their  distance  apart 
increases  or  diminishes  according  to  the  different  directions  in  which 
the  eyes  are  looking,  we  diagnosticate  which  of  the  ocular  muscles 
is  paralyzed,  and  whether  we  are  dealing  with  a  complete  or  an  incom- 
plete paralysis. 

4.  Vertigo. — This  may  be  excited  by  the  diplopia,  or  may  also  occur 
when  vision  is  performed  with  the  paralyzed  eye  alone.  The  latter  sees 
objects  in  their  proper  place  so  long  as  it  occupies  a  direction  of  the 
gaze  in  which  the  paralyzed  muscle  is  not  called  upon  to  exert  itself. 
But  as  soon  as  the  gaze  is  turned  to  the  side  representing  the  field  of 
action  of  the  paralyzed  muscle,  objects  are  located  by  the  eye  too  far 
toward  the  same  side,  and  the  more  so,  the  more  the  gaze  is  directed  that 
way.  Consequently,  as  the  gaze  passes  from  the  region  of  correct  to 
the  region  of  false  localization,  objects  appear  to  fly  with  constantly 
accelerated  velocity  in  the  direction  in  which  the  eye  is  moving.  It  is 
this  apparent  movement  of  the  whole  outside  world  that  determines 
the  development  of  vertigo.  Vertigo,  therefore,  sets  in  whenever  the 
patient  feels  himself  called  upon  to  move  his  eyes,  and  hence  often 
even  in  walking  upon  a  level  floor,  but  still  more  in  going  up  and  down 
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at€ps,  in  performing  complicated  manipulations,  in  doing  work.  etc. 
It  makes  the  patient  unsteady  and  timid,  and  even  excite«  a  tendency 
to  vomit.  This  kind  of  vertigo  is  known  as  vi^syal  vertigo,  and  is  dis- 
tinguished from  other  kinds  by  the  fact  ihiU  it  disappears  at  onee  when 
the  paralyzed  eye  is  covered.  Most  patients  hit  upon  this  fact  them- 
selves, and  in  walking  keep  the  paralyzed  eye  closed,  either  by  shutting 
it  or  by  covering  it  with  a  bandage.  Another  way  of  preserving  them- 
selves from  visual  vertigo  lies  in  — 

5,  Head  Tilting,  — A  patient  in  whom,  for  example,  the  right  ex- 
ternus  is  paralyzed,  keeps  the  head  turned  to  the  right.  If  he  looks 
forward  with  his  head  in  this  position,  both  eyes  are  turned  somewhat 
to  the  left,  in  which  position  the  right  externus  does  not  e-ome  into  play, 
and  ill  which,  tiierefure,  paralysis  of  it  does  not  make  itself  evident. 
And  so  for  every  variety  of  paralysis  of  the  ocular  muscles  there  is  a 
definite  position  of  the  head,  which  diminishes  the  visual  vertigo,  and 
which  is  so  rharacteristic  of  the  paralysis  that  the  skilled  observer  is 
able  from  it  alone  to  suspect  the  nature  of  the  hitter/^  ^^' 

Old  Paralyses» — The  characteristic  symptoms  of  a  pandysis  are 
more  unmixed  and  more  pronounced  the  more  recent  it  is.  11  the 
paralysis  gets  well  after  the  lapse  of  not  too  long  a  time,  the  symptoms 
that  have  been  produced  by  it  disaj>|>par,  and  normal  binoculur  vision 
is  restoreil;  if,  on  the  other  hand,  the  cure  of  the  paralysis  takes  place 
only  after  a  long  time  has  elapsed,  or  does  not  take  place  at  all,  the 
symptomatic  picture  changes  as  follows:  1.  The  mistakes  in  orienta- 
tion,  particularly  as  they  make  their  appearance  in  \on  Graefe's  reach- 
ing test,  gradually  cease;  the  patient  learns  by  experience  that  the 
impulses  of  innervation  for  his  paralyzed  eye  correspond  to  a  much 
slighter  action  than  those  for  the  sound  eye,  and  by  taking  account  of 
this  fact  he  once  more  forms  a  correct  judgment  of  the  situation  of 
(ibjects.  2.  The  tliphqmi  disappears  berause  the  sensory  perceptions 
of  the  paralyzed  eye  are  suppress*'d  (exclusion).'^  3.  Contracture  of  the 
antagonists  of  the  paralyzed  muscle  gradually  sets  in.  Thus,  in  (>and- 
ysis  of  the  right  externus.  it  is  the  right  internus  that  becomes  short- 
ened; and  so,  while  in  a  recent  paralysis  of  the  externus,  the  eye,  when 
the  gage  is  directed  straight  forward,  stands  in  the  middle  line,  it  after- 
ward becomes  drawn  in  more  and  more,  and  can  no  longer  be  brought 
up  to  the  median  position.  The  result  of  this  is  an  increase  in  the 
paralytic  strabisnms,  this  reaching  a  higher  degree  and  l>ecoming  mani- 
fested over  a  more  extensive  area  than  before,  insonmch  tlxat  it  is  pres- 
ent not  only  upor^  the  side  of  the  paralyKed  muscle  hut  also  over  the 
entire  field  of  fixation.  Owing  to  this  fact,  paralytic  strabismus  acquires 
a  constant!}^  greater  and  greater  resemblance  to  concomitant  squint»  so 


*|ln  ifenernl.  the  head  i»  iurnci]  so  eitii  in  look  in  ihf?  din>rtioti  \t\  which  th«*  aflr-ctcd  n>u»rlc  wouldj 
if  tinparnlvxiHl«  nmvt*  the  cyt",  but  in  pAr,ilysrfl  fif  deviitom  ordeprpsKor«  il  i^  often  iipiH'd  dtiWQ  ttiwanl 
on e  »houlvi er.    Sc-t*  pa«e  7 1 S . — D  I 

»"fit  tftkei^  «  Ifin«  limo  for  thi«  to  occur;  nod  even  when  thore  la  «ppürcnt  «upprcmnon  diphipia 
CM,n  ulmo^tt  always  bo  eUciled  by  the  teats. — DJ 
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that  sometimes  the  distinction  between  the  two  become  very  diflBcult." 
The  contracture  of  the  antagonists  may  even  persist  w^hen  the  paralysis 
itself  is  cured,  and  may  thus  prevent  the  restoration  of  normal  binocu- 
lar vision. 

125.  Mode  of  Occurrence. — Paralysis  may  affect  simply  one  mus- 
1*^   cle,  or  it  may  affect  several  muscles  in  different  combinations. 
'  1.  Paralysis  of  one  single  muscle  most  usually  affect«  either  the  ex- 

*  ternal  rectus  or  the  superior  oblique,  because  each  one  ot  these  muscietr 
^  is  supplied  by  an  independent  nerve  (abducens  and  trochlearis).  All 
jj'  the  other  ocular  muscles  are  innervated  by  the  oculo-motor  nerve,  for 
yii'  which  reason  paralysis  of  any  single  one  of  them  is  of  less  frequent 

i  occurrence. *- 
■^ffclJ  2.  For  the  reason  just  mentioned,  simultaneous  paralysis  of  several 
muscles  is  found  must  frequently  in  those  supplied  by  the  oculo-motor 
nerve,  and  of  these  muscles  some  or  all  may  be  affected  at  once.  Com- 
fiele  oculo-motor  paralysis  presents  a  characteristic  picture.  The  upper 
lid  hangs  loosely  down  (ptosis),  and  has  to  be  drawn  up  with  the  finger 
to  give  a  view  of  the  eyeball,  which  is  deflected  strongly  outward  and 
somewhat  down,  because  the  two  muscles  not  paralyzed — the  exter- 
nal rectus  and  the  superior  oblique — draw  it  in  this  direction.  The 
pupil  is  dilated  and  immobile  (paralysis  of  the  sphincter  pupillse), 
and  the  eye  is  focused  for  the  far  point  and  can  not  accommodate  for 
near  by  (paralysis  of  the  ciliary  muscle).  A  slight  degree  of  exoph- 
thalmus  is  present  because  three  of  the  recti,  which  normally  draw  the 
eyeball  backward  into  the  orbit,  have  lost  their  tone. 

Other  muscles  besides  those  innervated  by  the  oculo-motor  nerve 
may  be  affected,  and  the  paralyses  may  affect  not  simply  one  but  both 
eyes.     In  this  way  many  manifold  combinations  are  formed,  of  which 
the  following  are  the  most  frequent:    (a)  All  the  eye  muscles  in  one  or 
both  eyes  are  paralyzed,  so  that  the  lids  hang  loosely  dow^n,  the  eyes  are 
directed  straight  forward,  and  are  immovable,  and  there  is  dilatation  of 
the  pupil,  with  abolition  of  the  accommodation   {ophthalmoplegia  to- 
talis),   (b)  The  paralysis  affects  only  the  exterior  eye  muscles,  while  the 
interior  muscles  of  the  eye  (sphincter  pupillae  and  ciliary  muscle)  are 
intact  {ophthalmoplegia  externa  [sive  exterior]).  This  is  more  frequent  than] 
total  ophthalmoplegia,  and  finds  its  explanation  in  the  fact  that  the  nuclei 
for  the  sphincter  pupillae  and  the  ciliary  muscle  are  distinct  from  the 
other  nerve  nuclei   (Fig.  317),  and  hence  frequently  remain  exempi 
from  processes  which  destroy  the  nuclei  of  the  other  ocular  muscles 
For  this  reason  ophthalmoplegia  exterior  in  the  majority  of  cases  is  a 
central    (nuclear)    origin,      (c)  Ophthalmoplegia    interna   [sive   interior 
forms  the  converse  to  ophthalmoplegia  externa,  as  in  it  only  the  inte 
rior  muscles  of  the  eye  are  paralyzed.    It  can  be  produced  artificially  by 
means  of  atropine. 

11  [Indeed,  many  cased  of  concomitant  squint  are  without  doubt  paralytic  in  ori|pn.-rD.] 
>2  [Although,  in  the  experience  of  the  translator  and  of  some  others,  isolated  paralsm  of  the  ■Q* 
perior  rectus  occurs  with  considerable  frequency, — D.] 


/uuuu^-y^  ^,  ^^■- *">■%  n^*^j*^) 
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3.  There  are  combined  paralyses  which  do  not  affect  the  indivitlual 
muscles,  but  afft*et  as.sociate  movements.  Thus  the  abihty  to  look  to 
the  right  or  l(*ft,  or  to  look  up  or  down,  etc.,  or  to  converge,  may  Ijo  lost. 
These  are  knovm  as  conjugate  paralyms  (Prevost).  The  most  character- 
istic cases  of  this  sort  are  those  of  paralysis  of  the  lateral  rotators. 
There  may»  for  example,  he  a  paralysis  of  the  assoeiated  movements  to  the 
right.  If  the  patitmt  tlieii  fixes  his  gaze  upon  an  oliject  whieh  is  carried  in 
front  of  him  from  left  to  right,  the  ^ycs  follow  it  until  it  has  got  to  the  mid- 
dle line;  then  bf>th  eyes  stand  still  without  being  able  to  move  farther 
to  the  right.  One  nn.irht  siqipose  that  he  wa^  dealing  with  a  paralysis 
of  the  right  extern  us  4'ombiueti  with  one  of  the  left  internus.  But  this 
i<lea  can  be  readily  disprcived  by  approximating  an  objert  to  the  patient 
along  the  middle  line.  The  patient  converge»  ujxm  the  ol>ject  until  it 
is  very  close  to  him,  and  hence  can  use  his  left  internus  i>erfectly  foi 
pm'poses  of  convergence,  while  the  same  muscle  is  paralyzed  in  its  ca- 
parity  of  rotatm-  to  the  ri^ht.  The  causes  of  conjugate  paralysis  are 
lesions  in  the  assoriation  centers  of  the  nerves  for  the  ocular  muscles. 
See  also  page^  721  and  765.] 

Etiology.  —  Paralyses  of  the  ocular  muscles  are  the  result  of  a  lesion 
wliiivh  may  be  situate<i  anywhere  in  the  course  of  the  nerve  tract,  from 
its  very  beginning  in  the  cerebral  cortex  to  its  termination  in  the  nmsde 
itself.  According  to  the  site  of  the  lesion,  paralyses  are  distinguished 
into  intracranial  and  orl vital. 

In  intracranial  paralyses  the  focus  of  disease  lies  within  the  cranial 
eavity.  It  may  affect  the  centers  of  highest  rank  which  lie  in  the 
cortex  of  the  brain  (cortical  paralysis),  or  (he  association  centers,  or, 
histly,  the  centers  of  lowest  rank^ — i.  e.,  the  nerve  nuclei  upon  the  floor 
of  the  fourth  ventricle  (nuclear  paralysis).  The  bands  of  fibers,  likewise, 
that  connect  these  centers  may  be  affected,  as  may  also  l>e  those  fibers 
that  run  from  the  nuclei  to  the  surface  of  the  brain  and  unite  there 
to  form  the  nerve  trur)ks  (fascicular  paralysis);  and  the  nerve  trunks 
themselves  may  be  affected  in  their  course  along  the  base  of  the  skull 
(basal  paralysis). 

Orbital  paralyses  are  those  in  which  the  lesion  is  seated  in  the 
nerve  trunk  and  its  branches,  commencing  from  the  entrance  of  the 
nerve  into  the  orbit  through  the  superior  orbital  fissure,  or  in  which  the 
muscle  itself  is  affected. 

To  diagnosticate  the  site  of  the  lesion  we  must  take  account  of  the 
character  of  the  paralysis,  anti  particularly  of  those  accompanying 
symptoms  that  jM>int  to  an  intracranial  or  to  an  orbital  lesion. 

As  regards  its  nature,  the  lesion  nniy  develop  as  a  primary  affection 
in  the  nerves  or  in  their  areas  of  origin,  these  l^eing  attacketl  by  inflam- 
matinn  or  by  simple  degeneration.  Much  more  frequently,  however, 
these  structures  suffer  indirectly  as  a  result  of  disease  in  their  vicinity, 
such  as  exudates  fespecially  in  the  meninges),  thickenings  of  the  peri- 
osteum, neoplasms,  hemorrhages,  injuries,  etc.,  by  which  the  nerves  or 
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,     their  nuclei  are  thrown  into  a  condition  of  inflammation,  are  compressed, 

(or  are  in  some  other  way  subjected  to  injury.  Among  the  vascular 
changes  which  are  to  be  enumerated  as  causes  producing  lesions  of  the 
nerves  supplying  the  ocular  muscles  are  arteriosclerosis,  aneurism. 
occlusio^andjjmturj^^^tJjl^^  — — ■■^»■■■»■■— — • 

Tlie^causeo^he  lesion  in  the  intracranial  paralyses  is  most  fre-  ^ 
quently  syphilis  in  its  later  stages.  This  causes  damage  to  the  e^^  v^ 
\  miliiiitrf  nrrrr  Hirr^t'y  ^r  hy  t^r  r^iin^lnHut  way  of  tabes  and  progres- 
sive paralysis.  Among  the  diseases  of  the  central  nervous  system 
requiring  mention  are  disseminated  sclerosis,  vascular  changes  with 
their  consequences  [embolism,  nemorrhagesl.  injuries,  inflammations,  and 
tumors.  Among  acute  infectious  diseases,  diphtheria^ is  the  most  fre- 
quent cause  of  paralyses  of  the  eye  muscles,  ana  'S.mong  disorders  of 
V  metabolism  dmbetes. 

The  causes  of  orbital  paralyses  may  be  tumora,  injuries,  or  in- 
flammations of  the  orbit  or  its  vicinity,  and  as  regards  tne  latter  the 
transfer  oT^inflamm^^ion  fro  pi  ^l^e  ac([^fa«nry  «ji^us^?  of  the  nose  is  par- 
ti culärIyToDethoughtof(seepag^^      and  788). 

In  the  majority  of  these  paralyses,  which  from  the  accompanying 
symptoms  we  must  regard  as  peripheral,  none  of  the  causes  above  men- 
tioned is  discoverable.     Since  these  paralyses  which  as  a  rule  take  a 
favorable  course,  are  frequently  referred  by  the  patients  to  ^  cold^  J&^    i 
bear  the  name  of  rheunmtic  paralyses.  9^)fJ^^^  •^T**s«/ 

course  ana  iSSBniai. —  The  paralyses  either  set  in  sj)|i(lenly  or  ^ 
develop  in  an  insidious  manner.  Sometimes  relapses  occur/^xhe  course 
of  the  paralyses  is  always  chronic.  Even  in  the  most  favorable  cases  six 
weeks  and  more  are  required  for  a  cure,  and  many  paralyses  are  abso- 
lutely incurable.  Whether  this  is  so  or  not  depends  mainly  upon  the 
cause  which  lies  at  the  bottom  of  the  paralysis,  and  which,  therefore, 
must  first  of  all  be  taken  into  consideration  in  making  the  prognosis. 
Another  means  for  determining  the  latter  is  afforded  by  the  duration  of 
the  paralysis,  since  old  paralyses,  on  account  of  the  secondary  changes 
that  set  in  (atrophy  of  the  paralyzed  muscle  and  contracture  of  its 
antagonist),  no  longer  hold  out  any  prospect  of  a  cure. 

Treatment  has  first  of  all  to  take  account  of  the  causal  indication. 
In  this  respect  syphilitic  and  rheumatic  paralyses  afford  the  best  prog- 
nosis. In  the  former  an  energetic  antisyphilitic  treatment  with  iodine 
and  mercury  is  indicated.  In  the  latter  we  give  salicyl  compounds,  and 
employ  diaphoresis.  For  symptomatic  treatment  the  local  applica- 
tion of  electricity  is  frequently  employed  (see  page  55). 

Besides  the  treatment  of  the  paralysis  itself,  it  seems  also  requisite, 
until  the  cure  has  been  accomplished,  to  relieve  the  patient  from  the 
annoyance  which  the  diplopia  and  the  vertigo  entail.  When  we  are  deal- 
ing with  very  slight  paralyses  we  can  unite  the  double  images  by  means 
of  prisms  set  in  a  suitable  position;  in  this  case  the  patient  is  made  to 
wear  the  prisms  imder  the  form  of  glasses.     [Prisms  are  rarely  useful, 
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because  hi<j>araly8is  the  diplopia  changes  in  amount  each  time  the  eye  is 
inovejJ<m)  that  at  one  moment  it  is  over-correetecJ,  at  another  under-corrected 
by  the  prism. — D.]  In  more  marked  paralyses  prisms  do  not  suffice  to 
compensate  for  the  incorrect  position  of  the  eyes.  Then  there  Is  no  other 
way  of  relieving  diplopia  than  to  bandage  tlie  paralyzed  eye,  or,  better  still, 
to  apply  glasses  which  have  an  opaque  plate  for  the  paralyzed  eye. 

In  old  paralyses  in  which  contracture  of  the  anta,goni,sts  has  set  in, 
we  can  get  a  result  only  by  operative  treatment.  This  consists  in  sec- 
tion of  the  contractured  muscle  with  simultaneous  advancement  of  the 
muscle  that  is  paralyzed  (see  5  165),  By  this  means  the  deflected  eye 
is  brought  into  tlie  proper  i>osition;  and  if  the  paralyzed  muscle  still  has 
a  certain  contractile  power,  this  muscle  will  be  put  under  more  favorable 
mechanical  conditions  for  working. 


Id  order  to  facilitate  the  diagnoidii  of  paralyses  of  the  ocular  muscles  for  begin- 
ners, a  sclieduli»  is  set  forth  on  page  712,  showioj?  the  position  of  llie  double  imaRtTS 
I  and  their  varying  relations  io  <li(Tnreal  dircTtiooii  of  the  gaze.  The  poaitioD  of  the 
double  images  is  given  m  tlie  figures  annexed  to  the  text,  in  which  the  dotted  outlines 
di^fiote  the  false  image  and  corresponil,  therefore,  to  the  paralyzed  eyc\ 
It  would  be  a  mis  take,  however,  to  sup  pone  that  in  order  to  make  a  correct  diag- 
nosis it  is  sufficient  to  know  the  signs  of  tlie  paralysia  of  each  individual  musrle  or  to 
take  them  from  such  a  scheme  as  that  preseiitetl  and  then  see  to  whieh  of  them  any 
ease  that  may  bt*  bc?fore  us  fits.  In  this  way,  to  be  sure^  we  would  quickly  make  the 
diagnosis  in  the  typical  and  uncomplicate<_i  cases,  but  in  tlie  numerous  ca^se«  of  combine«! 
paralysis  we  would  be  helpless,  A  much  more  proper  way  of  going  to  work  is  to  deter- 
mine all  the  syrai>toms  in  any  givcm  cast*  exaetly,  and  from  them  find  out  in  what  direc- 
tions the  motility  of  the  eye  is  incomplete.  This  is  eflFecied  cliiefly  by  examination  of 
the  double  images.  For  this  test  we  select  a  conspicuous  object,  a  lighted  candle  being 
the  best,  und  place  before  one  (\ye  (preferably  the  gixjcj  eye)  a  colorotl  glass.  This  makes 
the  flame  a[)|K*ar  less  luminous,  so  that  the  image  formeil  by  the  other  eye — the  false 
image — whit  li  is  not  thus  diminished  in  intensity,  comes  out  better  and  is  more  readily 
perceive«!.  Furthermore,  from  the  difTerc^nce  in  color  of  the  two,  we  know  which  image 
belongs  to  each  eye>  If  tlie  false  image  is  <lisjdaced  in  a  certain  direction  frcjm  the  true 
image,  the  paralyxed  eye  lags  in  pret'iselj'  the  opposite  direction  when  moving  in  ctm- 
junclion  with  the  sound  eye.  Thus  if  the  paralyzed  eye  stands  too  high,  the  candle 
flame  api>ears  too  low,  etc.  This  statement,  otherwise  expressed,  can  be  made  as  fol- 
lows: 

Thi^^ false  image  is  displacocl  in  that  direction  in  which  the  paralyzed  muscle  ought  ^^f\*tm} 
:>vp  tlie  ey^^TTcnie^  if  w<-  inuke  tne  jnoient  lonklit  the  talkie  imape,  the  double  ^^  • 
images  get  siill  further  apart ^  because  the  movement  that  he  is  d(^ired  to  make  has  to 
tuke  fjlace  in  the  field  of  action  of  the  paralyzed  muscle^  and  hence  the  paralyzrtl  eye 
lags  still  further  behind.  With  the  aid  of  a  precise  knowktlge  of  the  method  of  action 
each  ocular  muscle,  we  can  make  out  which  muscle  or  muscles  an*  paralysed.  This 
methml  of  examination  oiay  be  illustrated  by  the  following  concrete  example: 

A  patient  comes  complaining  oi  Jijdopia.  We  first  determine  that  we  are  dealing 
with  binocular  (not  monocular)  diplopia,  from  the  fac*t  tliat,  as  soon  as  one  of  the  eyes 
is  covered,  there  is  single  vision.  Then  we  make  the  patient  fix  his  gase  upon  a  pencil 
held  in  front  of  him,  and  while  moving  this  in  difTerent  directions  we  notice  whether 
both  eyes  follow  it  uniformly.  Wc  observe  that  this  is  the  case  in  all  directions  of  the 
gaze  except  when  the  eyes  are  cast  down.  \\'hen  the  attempt  is  made  to  lodk  down, 
the  left  eye  does  not  sink  as  low  as  the  right  and  at  the  same  time  converges  rather 
too  much.  We  are  therefore  dealing  with  a  paralysis  of  one  of  thosc^  muscli  s  which 
depress  the  left  eye — that  is,  of  the  left  inferior  rectus  or  the  left  superior  oblique*  To 
distinguish  these  two  we  examine  the  double  imagee. 
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Bk«avi<)r  of  the  Double  Images  in  Paralyses  of  the 
Ocular  Muscles. 

(The  apparent  image  has  a  dotted  outline.) 

Left-sided  Risht-«ided 

Paralysis.  Plkralyaia. 

1^  External  Rectus.                                             ^         ^ 

■  Diplopia  appears  in  looking  toward  the  paralyzed  side.     H         H 

■  The  lateral  separation  of  the  images  increases  as  the     I         ■ 

■      paralyzed  eye  is  abduct«d.  ■        | 

Fio.  328.  Fio.  329. 

Internal  Rectus. 

Diplopia  on  looking  t<)ward  the  sound  side. 
The  lateral  separation  of  the  images  increases  in  ad- 
duction of  the  paralyzed  eye. 


Fig.  330. 


Superior  Rectus. 

Diplopia  on  looking  up. 

The  vertical  dista.nce  between  the  images  increases  as 
the  paralyzed  eye  is  elevated  and  abducted. 

The  obliquity  increases  in  adduction. 

The  lateral  separation  of  the  images  diminishes  when  

Flo.  332.      *  ^*e  eyes  are  turned  laterally  in  either  direction."  Fio.  333. 


Flo. 

IlnferxTr  Redus.  ■ 

I                      Diplopia  on  looking  down.  B 

_^                 The  vertical  distance  between  the  images  increases  as  ^  B 

^^  the  paralyzed  eye  is  depressed  and  abducted.  S 

«^               The  obliquity  increases  in  adduction.  B 

^^              The  lateral  separation  of  the  images  diminishes  when  Mf 

Fig.  334.  ^^®  ®y^  *^  turned  laterally  in  either  direction.*'  ^iq   335 

■  Superior  Oblique. 

Diplopia  on  looking  down.  I 

The  vertical  distance  between  the  images  increases  as    I 
the  paralyzed  eye  is  depressed  and  adducted.  H 

The  obliquity  increases  with  the  abduction. 
The   lateral    distance    between    the   images   diminishes 
Fig.  336.      when  the  eyes  are  turned  laterally  in  either  direction."  F,a 

Inferior  Oblique. 

Diplopia  on  looking  up.  '  ^ 

■  The  vertical  distance  between  the  images  increases  as    ■ 

the  paralyzed  eye  is  elevated  and  adducted.  H 

The  obliquity  increases  with  the  abduction.  ■ 

The  lateral  distance  between  the  images  increases  as 
Fig.  338.      |j^g  ^yg  jg  elevated  and  abducted.  ^'"-  ^^' 

*'[Acoording  to  most  writers  and  to  the  translator's  experience,  the  lateral  separation  increasei 
progres.*«ively  as  the  paralysed  eye  is  adducted. — D.] 

^<[Tlie  lateral  separation  increases  as  the  paralysed  eye  is  abducted. — D.] 


\ 

3.  337. 
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dirfotioTis  before  thi*  palitTit'H  i'yc\«.  \Vt^  thian  det^rminp  that  there  Is  ik^uble  \'i9irin  in 
the  lowfT  part  of  the  field  of  fixatioQ,  (his  being  in  harujciny  witti  tW  fuel  tliiit  in  li Hik- 
ing dL»wn  one  eye  staid  U]>.  Of  the  two  images  of  the  eandle  ilaine  one  Ls  r*tl,  tlie  <*ther 
uncolored.  The  n*d  is  on  the  right  hand  and  higher,  I  he  nncxilttn**!  one  on  the  left  find 
lower  (I'ig.  340  A).  The  rcHJ  image  belongs  to  the  right  eye,  heeaiise  it  i&  before  the  latter 
that  the  red  glfiss  is  plaeeff;  if  we  do  not  use  a  rolored  ghis»  we  must  determine  by  eover* 
ing  the  eyes  ahcmately  whicli  of  ttie  two  imager  t)eh>ng.s  to  each  eye.  Whieh  of  the 
images  h  the  fuhe  image  in  recogni/.etl  by  the  faet  that  (after  rem<iving  the  reil  ^Ilas8) 
it  is  the  less  dislinet  of  the  two  beeaust*  it  is  sc^en  indirertly,  i.  v.,  with  a  peripheml  por- 
tion of  the  retina*  Moreover,  the  patient,  when  asketl  to  thrust  at  the  image,  thrusts 
to  the  left  of  llie  eandle  and  beJo^v  it,  prcjviag  that  the  image  tloes  not  correspond  to 
the  real  [Kxsition  of  the  flitme.  A  furthc^r  mark  of  the  falst»  image  is  that,  wlien  the 
patient  is  asketl  to  look  at  it,  it  gets  still  further  off  from  tl>e  true  image.  [All  these 
facts  are  much  more  clearly  deraonstratwl  with  the  tangent  ])l:ine  (see  page  109).  Tim 
enables  us  to  tell  with  «'ertainly  wliich  ii*  the  false  image — u  thing  which  is  not  always 
posHjble  by  any  of  tlie  methods  above  given.  A  small  electric  light  held  against  the 
curtain  is  uswl  an  the  test  object.  A  pin  is  thrust  into  the  curtain  to  mark  whcTe  this 
light-  is  and  ancjtht^r  pin  marks  the  site  of  the  other  »mage,  which  is  necessarily  the 
false  image.  If  a  red  glass  is  use^l  before  the  right  eye,  and  the  white  image  coin- 
cides with  the  first  pm,  the  left  is  the  fixing  eye,  and  the  right-eye  image  is  necessarily 
the  false  one.  The  distance  between  the  pins  measures  the  amount  of  diplopia, 
both  vertical  and  lateral  (See  Fig,  340  B.) — D.]  In  this  way  we  find  out  in  the 
case  in  hand — 

L  That  the  indistinct  (false)  image  corresixmda  to  the  left  eye.  Hence,  we  con- 
clude that  the  paralysis  atTeels  rht^  h-ft  eye.     (This  is  not  always  a  safe  inferenee  1 

2.  That  the  image*  of  the  left  eye  stands  below.  Tliis  pro\'es  that  the  vyv  itm'lf 
is  relatively  too  higii  (see  i>age  t>.S7  and  Fig.  309),  and  agrees  with  our  previoun  obser- 
vation, that  when  the  gaze  i^  lower<Hl  the  left  eye  remains  standing  too  high,  and  that, 
therefore,  one  of  its  depressors  is  paralysed. 

3.  That  the  image  bid*inging  to  thejight  eye  lies  to  the  right,  that  belonging  to 
the  left  eye  to  the  left,  and  hence  the  double  images  are  homonymou.s — a  fad  which 
|K)int.s  to  a  pathological  (Convergence  (see  page  686  and  Fig.  307).  With  tlie  aid  of 
these  facts  we  ean  determine  which  of  the  two  depressor  mwseles  is  the  one  paralyzt*tb 

The  inferior  rectus,  besides  depressing  the  e^^e,  also  effect s  its  adduction.  The 
reason  for  this  is  that,  just  as  in  the  case  of  the  superior  rectus  (page  6Hi)),  the  muscular 
plane  of  the  inferior  rectus  does  not  coincide  with  the  sagittal  axis  of  the  eye.  but 
forms  with  it  an  angle  which  oT>ens  out  posteriorly,  because  the  muscle  does  not  run 
from  its  insertion  at  the  optic  foramen  stn\ight  forwarfl  to  the  eye- 
ball, but  fonvard  and  outward.  When  the  inferior  r*;etus  is  para- 
lyzed, its  adducent  action  is  abrogated,  and  the  eye  consequently 
is  somewhat  abducte^fl  (producing  crosstxl  double  imagt^).  But 
in  our  case  pn'cisely  the  oti^jftslte  occurs,  the  eye  stjuinting  some- 
what inward  (the  dou>>le  imager  are  homonymous).  /  /        J^ 

The  superior  oblique  depr<\sHc*s  the   eye,   and  rotatcis  and  *•' 

niovea  it  out  i,Fig.  305).     If  (he  latter  action  is  abrogated  in  eon-  ■" 

mMjuence  of  paralysis,  the  eye  is  in  a  condition  of  pathological  Fm   340  A.— Po«i- 

convergence,  and  the  double  images  are  homonymous — a  state      iJi^Qi?  ,]i"  p  f^«^«!,« 
of  things  which  in  fact  exists  in  tlie  case  before  us.     We  hence      or  th«  SuFKiiin»  d». 
diagnosticate  a  paralysis  of  tlie  suptrior  obiitjut'  (trochlearis)  of      ««"au«- 
the  left  eye. 

Neverthi'less,  if  in  our  casc^  we  should  attempt  to  mnke  the  distinction  bi'tweco 
a  paralysis  o*'  tlie  superior  oblique  and  of  the  inferior  rectus  simply  fron*  the  fact 
that  the  double  images  are  homonymous,  i.  e.,  t!iut  there  is  a  pathologicid  convergence, 
we  might  easily  make  a  mistake.  For,  so  far  as  the  convergence  is  concernetl, 
there  is  in  mmiy  men  a  pre^exiEting  di^lurbance  of  tbe  muscular  equihbrium  consisting 
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either  of  a  pathological  convergence  or  divergence  (see  page  727).  In  the  interest 
of  binocular  single  vision  this  disturbance  of  equilibrium  usually  remains  latent,  but 
becomes  manifest  when,  owing  to  a  paralysis,  binocular  single  vision  becomes  impossible. 
If  in  a  case  of  paralysis  of  the  superior  oblique  there  was  a  pre-existing  latent  drvergence 
[exophoria]  this  will  now  become  manifest  and  will  as  a  rule  amount  to  more  than  the 
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[FiQ.  340  B. — Double  Imaqi!»  Plotted  on  TAJfOENT  Plane  (from  Posey  and  Spiller). 


The  reverae  (white)  side  of  the  curtain  forming  the  tangent  plane  (page  109)  is  here  shown  (se«n 
from  in  front).  The  other  (black)  side  in  turned  toward  the  patient,  who  is  placed  30  inches  from  it,  with 
his  eyes  opposite  the  center.  A  red  glass  is  put  before  his  right  eye,  and  a  small  electric  light  is  carried 
in  the  six  cardinal  directions,  "  Eyes  right "  (Er),  '*  Ryes  up  and  right  *'  (Eu  and  r),  etc.,  the  patient  follow- 
ing it  with  his  eyes  but  not  moving  his  head.  The  position  of  the  double  images  is  marked  hy  pins 
thrust  into  the  curtain.  In  the  case  shown  (paresis  of  the  left  superior  rectus)  the  right  eye  (red)  image 
is  denoted  by  a  circle,  the  left  eye  (white)  image  by  a  cross.  Tnere  is  a  vertical  (right)  diplopia  of  5" 
and  a  crossed  diplopia  of  2°  when  the  eyes  are  directed  two  feet  up  and  two  feet  to  the  left,  and  a  sim- 
ple crossed  diplopia  of  5°  when  they  are  directed  up  and  to  the  right.  Below  the  line  AB  there  is  single 
vision.  It  is  found  that  the  red  image  coincides  with  the  actual  position  of  the  light  on  the  screen; 
hence  the  right  eye  fixes,  and  the  distance  between  the  double  images  measures  the  primary  deviati<Mi. 
( If  the  white  image  had  coincided  with  the  light  the  distance  would  have  measured  the  secondary  devi- 
ation.)— D.J 


degree  of  convergence  produced  by  the  paralysis;  the  eyes  will,  therefore,  diverge 
somewhat.  Since  latent  divergence  is  very  common,  the  double  images  in  a  paralysis 
of  the  superior  oblique  are  very  often  crossed  instead  of  homonymous.  Conversely, 
in  a  paralysis  of  the  inferior  rectus  the  double  images  might  be  homonjrmous  instead 
of  crossed — would  be  so  in  fact  if  there  was  a  pre-existing  latent  convergence  [esophoria] 


DISTURBANCES  OF  MOTILITY  OF  THE  EYE, 

thiit  has  become  manifest  because  of  the  paralysi».**  \\i*  must,  therefore,  seek  for 
B*jme  further  sign  that  will  serve  to  ctmtinf^uiäh  betw<*<?n  a  piiralysis  of  the  two  depre»- 
sopB.  Such  a  sign  consists  in  the  change  whieh  iak*'s  place  in  the  vortical  distance 
bi'tween  the  double  images  when  the  direction  of  the  gaze  is  changcn] — the  way  in  which 
thiii  takes  place  being  suceinctly  summed  up  in  the  following  table: 

I  A,       DlPl.OPIA    DEVELOPING    IN    THK    TpPER   pART   OF  THK   FlKLD   OF    FIXATION. 

I  \'erlical  distance  between  the  two  images  greatest: 

■  1.  Abovr  ami  Uf  the  kfl.  Paralysis  of 

L  1.  Image  nf  left  eye  higher.  Left  8up<»nor  reetu». 

^^K  2.  Image  of  riglit  eye  higher.  Right  inferior  oblique. 

^^B  11.  Ahofte  find  fo  ihi  righL^  •  Paralyms  of 

^^H  L  Image  of  right  eye  higher.  Right  superior  rectiLs. 

^^^  2,  Image  of  left  eye  tiigher.  Left  inferior  oblique* 

B.      DtPIiOPIA  DEVELOPINO  IN  THE  LoWER  PaRT  OF  THE  FlEIJJ  OF  FtXATIOW, 

kV  ertical  dintance  between  the  two  images  greatest: 
I.  Bviow  and  kt  the  left.  Paralysis  of 

1,   Image  of  left  eye  lower.  Left  inferior  rectus. 

2.  Image  of  right  eye  lower.  Right  superior  oblique. 

IL  Below  and  to  ihe  Hght, 
1 .  Image  of  right  eye  low<T.  Right  inferior  rectus. 

2.  Image  of  left  eye  lower.  Ix?ft  superior  obliquen 

For  example,  we  del  ermine  in  our  case  that  the  vertical  dL-^tance  becomes  greater 
the  more  the  patient  took:?  to  the  riglit,  while  wli*«n  he  looks  to  the  left,  it  becomes 
eiualler.  The  exfilanation  of  this  is  afforded  by  the  position  of  the  plane  of  the  muscle 
with  relation  to  the  eyeball,  Tht»  tendon  of  the  superior  oblique  runs  from  the  inner 
fiiile  and  in  front  (from  the  troeldeaj  backward  and  outward  to  the  eyeball; 
therefore,  with  the  sagittal  axis  of  the  eye^  when  the  eye  is  in  the  primary  position,  an 
angle  with  its  branches  opening  anteriorly  (see  Fig.  299,  T-os^-ss).  Hence  when  the 
niuscle  contracts  there  will  be  only  a  comparatively  small  component  that  acts  to  pro- 
duce depression.  The  deprcÄ?ing  effect  becomes  greater  in  proportion  as  with  the  in- 
tuming  (adduction)  of  the  eye  the  angle  between  the  sagittal  axis  of  the  eyeball  and 
the  tendon  becomes  smaller.  If  the  eye  could  be  so  far  adducted  that  these  two  wduld 
lie  in  the  same  plane,  the  depressing  effect  of  the  muscle  would  then  be  at  its  greatest, 
since  it  would  act  exclusively  as  a  depressor.  For  the  same  reason  the  depressing  effect 
of  the  muscle  diminishes  with  the  abduction  of  the  eye.  In  paralysis?  of  the  muscle, 
consequently,  the  deficiency  in  depression  will  increase  with  the  adduction  and  di- 
minish with  the  alwluction.  The  \'isible  lagging  of  the  left  eye  in  l(M>king  downward 
is,  hence,  conspicuous  only  when  the  gasseiö  directed  down  and  to  the  right,  while  in  look- 
ing straight  down  it  UK  scarcely  noticeable,  and  in  l«w:»king  down  and  to  the  left  it  is  not 
notieeable  at  all.  [This  effect  will  be  enhanced  by  the  fact  that  it?;  fellow  muscle,  the 
inferior  rectus,  works  most  energetically  as  a  depressor  when  the  eye  is  abducted  and 
but  little  when  the  eye  is  adducte*!;  consequently,  when  the  deficiency  from  paralysis 
of  the  superior  ohltc|ue  is  the  greatest  the  inferior  rtH'tus  is  lea^t  able  to  make  it  gmxl 
and  is  mo^t  able  to  do  so  when  the  deficiency  due  to  the  paralysis  is  the  least. — D  ] 
This  fact  finds  expression  in  the  position  of  the  double  images,  since  the  vertical  distance 
between  them  increiust^s  with  adiluction  (in  our  case  as  the  eye  is  tunied  to  the  right) 
and  dimmishes  with  abduction  (as  the  eye  i:ji  directed  to  the  left).  (Hence,  in  trochlear 
paralysis  we  find  ihe  diplopia  mainly  in  that  half  of  the  field  of  fixation  lying  on  the  other 
side  from  the  [mraly/.ed  eye,  while  in  the  half  that  correstxjnds  to  the  hitter  it  is  almost 
entirely  wantinj?.  For  this  reason,  the  sound  eye  is  regarded  as  the  paralyaied  one, 
and  that  not  only  by  the  patient  but  also  often  by  his  physiciim,) 


« q  An  other  flic  t*>r.  very  imp<>rtant  iti  thin  con  tiectkni,  iit  the  ti»tura1  tendency  shown  by  the  ej,-«» 
to  diverge  wh«v|j  touldng  up,  and  to  coDverge  when  liMjIunjic  down.  This  tendency  of  it*elf  of t<*n  pro- 
dueeM  rro!(Mi>d  «iiphipia  in  pamlvMJt  r>f  An  elevHtor  and  homon>iiioui»  diplopia  in  parol ynin  of  adepreasOT, 
no  matter  whether  tiie  muado  affected  Ib  one  of  the  oblique«  or  one  of  the  recti. — D.) 
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The  inferior  rectus,  on  the  contrary,  exerts  its  strongest  depressing  effect  when 
the  eye  is  in  the  position  of  abduction  (being  in  this  analogous  to  the  superior  rectus; 
see  page  689).  Hence,  the  vertical  distance  between  the  double  images  as  the  diiectioo 
of  the  gaze  is  varied,  would  behave  in  a  precisely  opposite  way  to  what  obtains  in  paral- 
ysis of  the  superior  oblique.  Mauthner  was  [one  of]  the  first  to  point  out  what  practical 
importance  for  the  diagnosis  of  paralysis  of  the  eye  muscles  attaches  to  the  way  in  which 
the  vertical  distance  between  the  images  behaves. 

There  is  also  another  sign  by  which  paralysis  of  the  two  depressors  can  be  distin- 
guished, and  this  is  the  obliquity  of  the  false  image.  In  our  example  the  image  of  the 
right  eye  is  perpendicular,  that  of  the  left  eye  is  tilted,  so  that  the  images  are  inclined 
toward  each  other  by  the  upper  ends  (Fig.  340  A).  Now  we  have  seen  that  when  there 
is  tilting  of  the  vertical  meridian,  the  image  seen  with  this  eye  appears  tilted.**  Con- 
versely, from  the  obliquity  of  the  image  we  can  form  a  conclusion  as  to  the  position 
of  the  vertical  meridian.  In  our  case  the  lower  extremity  of  the  apparent  image  (Fig. 
340A,  L)  is  seen  too  far  to  the  left.  This  corresponds  to  the  upper  extremity  of  the 
retinal  image  (p,  Fig.  310  A),  which  then  must  lie  to  the  right  of  the  vertical  meridian 
of  the  retina,  v^  v^,  since  its  projection  externally  lies  to  the  left  of  the  vertical.  •  The 
retinal  image,  however,  really  lies  vertically  in  the  retina,  since  the  object  stands  ver- 
tically in  space.  IJence,  the  above  statement  is  better  expressed  thus:  The  upper 
half  of  the  vertical  meridian  of  the  retina  lies  to  the  left  of  the  upper  extremity  of 
the  vertically  placed  retinal  image.  Hence,  it  follows  that  the  vertical  meridian  has  its 
upper  half  inclined  to  the  left,  or  outside,  and  its  lower  half  inclined  to  the  right,  or  inside. 

What  paralysis  corresponds  to  this  position  of  the  vertical  meridian?  This  position 
is  influenced  by  four  muscles,  the  superior  and  inferior  recti  and  the  two  obhques. 
In  a  state  of  health  the  actions  of  these  muscles  are  in  equilibrium  in  the  primary 
position  of  the  eyes,  so  that  the  vertical,  meridian  really  does  stand  vertical.  But  if 
the  action  of  the  si^perior  oblique  is  abrogated  in  consequence  of  paralysis  of  the  muscle, 
the  muscles  tliat  rotate  the  vertical  meridian  in  the  opposite  direction  get  the  upper 
hand,  so  that  the  upper  extremity  of  the  meridian  is  inclined  outward.  Since  this  is  the 
position  of  the  meridian  which  we  conclude  to  exist  in  our  case  from  the  obliquity  of 
the  double  images,  our  diagnosis  of  a  paralysis  of  the  superior  oblique  is  thus  con- 
firmed. 

If  the  inferior  rectus  liad  been  paralyzed  the  apparent  image  would  have  been 
inclined  in  the  contrary  direction.  The  inferior  rectus  inclines  the  upper  extremity 
of  the  vertical  meridian  outward,  and  when,  owing  to  paralysis  of  the  muscle,  it«  action 
ceases,  the  vertical  meridian  assumes  the  opposite  inclination — i.  €.,  with  it«  upper 
extremity  inward.  This  position  would  be  just  the  opposite  of  that  present  in  our 
case,  and  hence,  too,  the  obliquity  of  the  false  image  would  be  in  a  direction  contrary 
to  that  actually  observed.  Since,  however,  the  obliquity  of  the  fabe  image  is  often 
not  perceived  by  the  patient,  this  sign  is  less  valuable  ^n  paralysis  of  the  eye  muscles 
than  are  the  changes  that  take  place  in  the  vertical  distance  between  the  double 
images. 

[The  diagnosis  of  paralysis  by  the  double  images  is  most  simply  accomplished  by 
an  analysis  which  shows  in  succession,  first  which  group  of  muscles  (lateral  rotators, 
elevators,  or  depressors)  is  afifected;  next  which  pair  of  associates  in  the  group;  and 
lastly  which  muscle  in  the  pair. 

Thus,  if  we  have  a  diplopia  which  is  mainly  lateral  and  which  increases  fast''  in 

I'fThis  applies  only  to  a  pathological  tilting  in  which  the  vertical  meridian  of  one  eye  is  no  lonnr 
parallel  with  that  of  the  other.  The  physiological  tilting  which  occurs  in  the  oblique  positions  of  the 
case  (see  remarks  under  Actions  of  the  Ocular  Muscle,  pages  690-692),  and  in  which  the  vertical  merid- 
ians of  the  two  eyes,  although  tilted,  remain  parallel  to  each  other,  is  not  associated  with  apparent 
tilting  of  the  object  looked  at. — D.] 

>'(It  is  to  be  noted  that  an  homonymous  or  a  crossed  diplopia  which  increases  to  the  risht  or  Idt 
iUten  not  necessarily  mean  paralysis  of  a  lateral  rotator,  unless  the  diplopia  is  great  and  increases  ru>- 
idly.  An  homonymous  diplopia  which  is  of  slight  amount  and  increases  moderately  in  looking  to  toe 
right  may  mean  (a)  paresis  of  any  abductor  (externus,  superior  obli<iue,  inferior  oblique)  of  the  right 
«•ye.  or  (b)  p&retii»  of  any  adductor  (internus,  superior  rectus,  inferior  rectus)  of  the  rif^ht  eye  what 
combinefl  with  an  esophoria  sufficient  to  neutralise  the  crossed  diplopia  that  such  paresis  would  nat- 
urally pro<luce.  8o  a  crossed  diplopia  which  increases  to  the  right  may  mean  pareaia  o^  anit  muscle 
©/  the  left  eye.— D.J 
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WkiniE  to  tlie  right  or  tlie  left,  the  paralysis  numt  affect  a  lateral  rotator.  If  the  diplo- 
pia incrfascs  to  the  right  the  jMiralysi»  afTeets  a  right  rotator  (right  externum,  left  in- 
lornus),  if  it  inere^iae^  to  the  left  a  lef(  rotator  (left  exteriiiis,  right  internus).  If  the 
diplopitt  in  eitlier  case  i.s  homonyiiKUis,  it  is  the  extermi»  whieh  is  paralyssetl,  if  ihe 
diplopia  is  eros-sed,  it   it*  the  internus. 

If  (lie  diplopia  ih  nmiiily  vertical  and  this  vertical  diplopia  increafies  fast  in  looking 
up,  the  pftruiysiH  afTecta  an  tlfv^ttor.  If  then  the  vertical  diplopia  inerca^K^s  most  in 
looking  up  and  to  the  right,  the  iniL'^rle  fmralyzed  mnst  tie  a  right -hand  elevator  (right 
superior  rectus,  left  inferior  oblique);  if  it  inereasej^  up  and  to  the  left,  the  muscle  para- 
lysed ib  a  left-hand  elevator  (\vh  superior  rectut*,  right  inferior  oMique).  In  eitlier 
ease  we  can  tell  which  eye  and  therefore  which  muscle  is  affected  by  reriierubcring 
that  the  higlicr  image  belongs  to  the  jiaralyzed  eye  (e.  g.,  right-eye^  image  it«  lugher  in 
paralysis  of  the  right  guperior  rectus  mid  right  inferior  oblique). 

If  the  diplopia  if*  mainly  vertical  and  this  vertical  diploi^ia  increases  fast  in  look- 
ing down,  the  paralysia  aiTecta  a  dcpteasor.  If  then  the  vertical  diplopia  incr eases  roost 
in  ltK)king  down  and  to  the  right,  the  inustle  paralyzed  mimt  Im  a  right-hand  depfeaaor 
(right  inferior  rectus^  left  sujXTior  uhlique);  if  it  increa-se^  most  in  hxiking  down  and  to 
Ihe  left,  the  mu^^cle  paralyzcM.1  is  a  left-hand  depras«*_ir  (left  inferior  rectus,  right  tiuix^rior 
ohliqtie).  In  either  ctise  we  can  t<jl!  the  eye  and  therefore  the  nkiLsele  affected  by  rc- 
memlienng  that  the  lower  image  bc-longs  to  the  jmralyÄed  eye. 

The  auidyniö  aljove  given  shows  that  Ihe  diagnosi.s  of  jtaralysis  by  double  images 
can  nf»t  U^  made  with  accuracy  mileiss  the  kind  and  amount  of  tliplupia  are  determined 
for  each  of  the  six  cardinal  direetioiis  of  the  gaae,  i.  e.,  right,  left,  up  and  right,  u[:>and 
left>  down  an*l  right,  down  and  left.  If  this  is  done  the  diagnosi^v  can  l»e  ma<le  even  in 
compJev  eaaos." 

In  any  ciuse  to  tell  the  miL^le  that  is  paralysed  we  ha%'e  simply  to  remember  tliat 
the  image  formest  by  the  parabfzed  eye  ahi^iifs  Urs  on  the  !^ifle  ttnmrd  which  the  diftiofria 
inrre^tHtH  (i,  e.,  is  the  right-hand  image  when  the  diplopia  increa^ses  to  the  right,  the 
upjier  image  when  the  diplopia   increases  upward,  etc). 

And  a  rule  t*)  determine  the  kind  of  double  vision  produced  by  a  given  paralysis 
is,— -the  image  Mowfittf/  to  the  jmralf/zed  eye  w  di^pluced  in  pisi  that  direetion  iu  wkiih 
the  affeeted  muscle,  if  irdaet,  leould  tuituraUy  move  the  eye.    ThuH.  in  fiaralysis  of  the  right 


^*  [Tlip  fKCt9te.*«i(»ntiaI  fur  itir  itiaunoflia  of  mu<<ciitur  parnlyf«»  truiy  be  »et  fort!i  "ui  the  fDlluwinit 
formul:**,  in  which  Ku,  tklt  lir,  Kl,  Eu  ami  r,  etc.,  denol*  "hotli  eye«  iliniH!t«tJ  up  (down,  \u  llir  riitht,  io 
tlie  l*"ft^  up  «nd  tu  llu*  rißht,  elr/'l.  DH,  I>X,  UK,  DL  diMiolc^  r*.^ectively  hoiiionyinou.*  dipbtiia, 
crr>»wd  diplopia,  riuht  diplDpk&,  (diplopia  with  the  iiiiiif;f«  of  the  right  eye  below),  left  diplof^Ä  (d»plo- 

ith  tW  ICQ 


pi«  wit] 


iopi 
eft 


ma^  of  Ih«  left  eye  t3«1ow>,  and  >>  denote»  "mcreoaing  proflrreaiiivoiy. ' 


Ffttttljmtetiif 


BeguUrty  (tmt  not  inmrfüMjr) 
a^idAteil  with 


Er.  DX  > 

Er.  mi 
Kl.  J*X 
Ei.  DU  : 
Eu  and  r. 
Ku  mid  r. 
Eu  joul  1, 
Ku  mid  J., 
K4I  ftii*T  r, 
Ed  »fid  T, 
Ed  and  I. 
Ed  And  1. 


>  ufBiitTy 

üL:-:-  (frwitly 

PL 

DL  •  - 
DR »  " 
DL>>      •* 


Left  Internat  rectus, 
RlKhtexU-niul  rectti». 
Right  iritonial  rtetiifw 
Left  external  reetu«. 
Ri^ht  superior  rectus  ,.,, , 

Left  Inferior  oblique 

Loft  iuptrlor  rwUis 

Right  iijfürior  obUcjue.  ,  - . ,     ÜU  > 

Eight  in ferior  rvvtns I  DX  :- 


DX  »  in  Eu  and  I, 
I3H>:>  In  Euand  1. 
DX  >>  ill  Ell  »okI  r. 

ill  £u  and  r. 

Ui  Ell  ttod  1 


Left  superior  ot»Uciuc?  ..,.....*..     DH  .  •  >  ia  Ed  mnd  1. 

Right  superior  oblique  - '  DH  ;       In  Ed  liiid  r, 

Left  inferior  rectm I  DX  > ;  -  tn  Ed  and  r. 


Thit  tabl«  iierveii  for  datermining  combined  paratyM«.  Tliu»  if  there  i«  a  DL  (left  hyperplioria) 
in  Eu  and  r.  dimiftiHhinK  to  tiotbing;  as  the  mtddte  line  if*  Approuelied  and  phttuprinK  (o  a  l>li  (rtsht  hy- 
perphoria) iu  En  and  1,  there  is  a  pm^ralyni»  of  botii  supc^nor  n»CTti;  if  there  i«  a  UEt  in  Eu  and  I  fiiiang- 
ing  to  DL  in  Ed  and  I.  there  in  paralytii»  of  the  left  superior  and  iufen<*r  recti. — D.J 
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superior  rectus,  wliich  moves  the  right  eye  up  and  to  the  left  and  tilts  the  vertical 
meridian  to  the  left,  the  image  of  the  right  eye  is  up  (higher),  deflected  to  the  ■  left 
(crossed  diplopia),  and  tilted  to  the  left. 

This  rule  shows  us  that  in  paralysis  of  the  subsidiary  adductors  (superior  rectas, 
inferior  rectus)  we  expect  to  find  a  crossed  diplopia,  and  in  paralysis  of  the  subsidian' 
abductors  (the  two  obliques)  we  shall  find  an  homonymous  diplopia;  also  in  paralysis 
of  the  superior  rectus  and  superior  oblique  an  in-tilting  and  in  paralysis  of  the  inferior 
rectus  and  inferior  oblique  an  out-tilting  of  the  false  image.  In  every  case  the  lateral 
diplopia  and  the  degree  of  tilting  of  the  false  image  increases  in  that  direction  of  the 
gaze  in  which  the  vertical  diplopia  decreases.  As  before  remarked,  however,  the  latend 
diplopia  may  be  absent  or  reversed  and  the  tilting  is  often  but  little  marked,  so  that 
neither  is  a  safe  guide  in  diagnosis. — D.) 

Since  in  paraljrsis  of  the  left  superior  oblique  there  is  double  vision  when  the  visual 
line  is  depressed,  the  patient  avoids  this  by  depressing  the  head,  so  that  when  he  is  look- 
ing straight  ahead  the  visual  lines  are  somewhat  raised.  Because  the  paralysis  of  the 
left  superior  oblique  makes  itself  apparent  in  adduction  of  the  left  eye,  i.  e.,  in  the  right 
half  of  the  field  of  fixation,  the  head  is  turned  somewhat  to  the  right,  so  that  in  looking 
straight  ahead  the  visual  lines  may  be  directed  somewhat  to  the  left.  Lastly,  the  tilt- 
ing of  the  upper  end  of  the  vertical  meridian  outward  in  the  paralysed  eye  is  compen- 
sated for  by  depressing  the  head  toward  the  right  shoulder.  [This  is  the  common  ex- 
planation, but,  as  a  matter  of  fact,  the  tilting  of  the  head  toward  the  shoulder,  which  is 
common  in  paralysis  of  the  elevators  or  depressors,  is  done  not  to  obviate  the  tilting  of  the 
false  image  but  to  neutralize  the  verticaJ  diplopia.  In  any  case  of  combined  vertical 
and  lateral  diplopia,  tilting  of  the  head  toward  the  right  shoulder  will  bring  the  right- 
hand  image  down.  This  is  true  whether  the  right-hand  image  belongs  to  the  right  eye 
(in  case  the  diplopia  is  homonymous)  or  to  the  left  eye  (in  case  the  diplopia  b  crossed). 
A  vertical  diplopia  of  25**  or  more  may  be  obviated  in  this  way,  the  patient  tippioR 
the  head  toward  the  right  or  the  left  shoulder  according  as  the  right-huid  or  Icft^iand 
image  b  higher.  In  the  case  cited  the  patient  tilts  the  head  to  the  right  because  the 
right-hand  image  (which,  as  the  diplopia  is  homonymous,  belongs  to  the  right  eye)  is 
the  higher  and  by  this  manoeuvre  he  brings  it  to  the  level  of  the  other. — D.]  A  patient, 
therefore,  with  paralysis  of  the  left  superior  oblique  has  the  head  somewhat  depressed, 
turned  somewhat  to  the  right,  and  inclined  to  the  right  shoulder.  If  with  continuance 
of  the  paralysis  such  an  attitude  of  the  head  becomes  habitual,  it  may  readily  be  con- 
founded with  wry-neck.  [This  is  particularly  the  case  in  the  congenital  paralyses. — D.) 
If  in  such  a  case  we  set  the  head  straight  the  upward  deflection  of  the  paralysed  eye 
comes  to  light  and  enables  us  to  make  the  correct  diagnosis. 

Frequently  a  patient  affected  with  a  paralysis  of  a  depressor  muscle  (inferior 
rectus  or  superior  oblique)  is  not  at  all  aware  of  there  being  a  difference  in  level  be- 
tween the  double  images,  stating  only  that  one  image  is  nearer  than  the  other.  This 
is  the  more  apt  to  be  the  case  the  more  the  plane  of  fixation  is  depressed,  and  is  ac- 
counted for  by  Förster  as  follows:  If  we  gaze  at  a  rather  distant  point  situated  in  the  • 
plane  of  the  floor  upon  which  we  are  standing,  those  points  of  the  floor  that  lie  nearer 
us  form  their  images  higher  up  in  the  retina  than  does  the  point  of  fixation.  If,  again, 
we  fix  the  upper  of  two  points  which  lie  one  beneath  the  other,  the  lower  point  in  the 
instance  also  forms  its  image  above  the  macula.  When,  therefore,  we  have  upon  our 
retina  two  images  situated  one  above  the  other,  these  are  open  to  a  double  interpreta- 
tion; they  may  be  produced  either  by  two  objects  one  of  which  is  situated  nearer  than 
the  other,  or  by  two  objects  one  of  which  is  lower  than  the  other  Now,  if,  owing  to 
a  paralysis  of  a  depressor,  one  eye  stands  too  high,  the  point  which  the  sound  eye  fixes 
will  form  its  image  in  the  paralyzed  eye  on  a  portion  of  the  retina  that  also  is  situated 
alx)ve  the  macula.  Then  the  difference  in  height  between  images  in  the  two  retime 
may  be  interpreted  in  two  different  ways,  just  as  if  the  two  images  were  situated 
in  the  same  retina.  The  patient  may  suppose  the  false  image  to  be  either  lower  or 
nearer.  In  Fig.  341  let  the  tmdotted  figure  represent  the  sotmd  eye  which  is  fixing 
the  point  O  situated  below  the  horizontal  plane,  i.  e.,  is  so  directed  that  this  point 
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forms  its  image  on  the  fovea,  /,  of  the  eye.  'i'he  paralyzed  eye  represented  by  the 
dotted  figure  has  not  shared  in  the  downward  movement;  its  line  of  sight  ^x  remains 
directed  straight  forward.  Hence  in  this  eye  the  point  O  forms  its  image  above  the 
fovea,  ^,  that  is  at  ß.  Accordingly,  this  eye  projects  the  point  too  far  down  and  as 
much  so  as  /^  is  too  far  up,  that  is  in  the  direction  by.  (According  to  Hering  the  para- 
lyzed eye  must  see  the  point  O  at  the  spot  where  the  point  on  the  retina  of  the  sound 
eye  which  corresponds  to  the  point  ß  occupied  by  the  image  of  O  would  localize  an 
image.    This  corresponding  point  is  6,  which  is  situated  as  much  above  the  fovea-  /  of 


j^ffL 


.A 


Fio.  341. — Apparent  Approximattov  öftre  Falbe  IiiAnr.  in  Paraltat»  of  a  Depkebaor. 


the  sound  eye  as  ß  is  above  the  fovea  9  of  the  paralyzed  eye.  'ITie  point  O  therefore 
is  seen  along  the  directing  line  hy,  Cf.  page  697.)  Now  the  point  O  may  be  regarded 
as  located  at  different  places  along  the  directing  line  by,  thus  either  at  m  so  that  the 
false  image  lies  below  the  true  image,  or  at  u,  so  that  it  stands  on  the  same  level  but 
closer  than  the  true  image,  or  somewhere  between  these  two  points,  for  example  at 
r,  in  which  case  the  false  image  appears  somewhat  lower  and  at  the  same  time 
somewhat  closer  than  the  true  image.  That  kind  of  projection  which  makes  the  false 
image  look  closer  is  actually  forced  upon  the  patient  if  the  test  object  is  set  on  a  table 
or  on  the  floor.  The  paralyzed  ejre  ought  then  to  see  the  candle  flame  beneath  the  table 
or  beneath  the  floor.  But  this  so  contradicts  experience  that  the  patient  involuntarily 
chooses  that  kind  of  projection  by  which  the  image  of  the  higher  eye  appears  on 
the  table  or  floor  but  closer  to  the  eye.  [By' varying  the  conditions  of  the  experi- 
ment, e.  g.,  by  placing  the  candle  on  a  descending  flight  of  stairs,  the  image  which 
should  be  lower  may  be  made  to  appear  not  only  closer  but  also  higher  than  the  other 
(Sachs).— D.] 

The  diagnosis  as  to  which  muscle  is  paralyzed  often  presents  considerable  diffi- 
culties even  to  the  adept,  if  the  case  is  complicated.    This  occurs — 

1.  When  several  paralyses  are  combined,  particularly  in  both  eyes,  and  the  pa- 
ral3rses  are  partly  complete,  partly  incomplete. 

2.  When  a  disturbance  of  muscular  equilibrium  under  the  form  of  latent  conver- 
gence or  divergence  [esophoria  or  exophoria]  was  previously  present.  Such  a  disturb- 
ance is  converted  from  a  latent  into  a  manifest  one  when  the  paral^'sis  set«  in,  as,  owing 
to  the  latter,  binocular  vision  becomes  impossible  in  spite  of  the  tendency  toward 
fusion. 
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3.  When  the  two  eyes  have  an  unequal  visual  power,  and  the  paralysis  affect« 
the  Ijetter  eye.  The  latt«r  then  is  ased  to  perform  fixation  with,'*  and  the  non-para- 
lyzed eye  is  in  a  condition  of  secondary  deviation.  In  such  a  case  it  is  easy  for  the 
sound  eye  to  be  regarded  as  the  paralyzed  one. 

4.  When,  in  old  paralyses,  a  contracture  of  the  antagonists  has  taken  place. 

The  difficulties  of  diagnosis  are  often  increased  by  lack  of  intelligence  or  by  in- 
sufficient attention  on  the  part  of  the  patient,  in  consequence  of  which  it  is  impossible 
to  determine  witti  precision  the  position  of  the  double  images.  It  is  also  impoesible 
to  do  the  latter  when,  as  in  old  paralyses,  there  is  a  tendency  toward  the  suppression 
of  the  double  images.  Then  it  often  requires  long  and  painstaking  efirorts  to  get  the 
patient  to  perceive  the  remote  and  indistinct  false  image. 


Measurement  of  the  Paralysis — A  precise  determination  of  the  degree  of 
paralysis  is  particularly  desirable  in  order  to  be  able,  in  the  course  of  treatment, 
to  calculate  whether  the  paralysis  is  really  undergoing  recession  or  not.  The 
measurement  is  made  with  the  help  of  the  double  images;  the  region  which  these 
occupy  being  displaced  farther  and  farther  toward  the  periphery  of  the  field  of  fixa- 
tion,*;and  the  distance  between  them  becoming  smaller  and  smiüler,  as  the  paralyse 
decreases. 

1.  The  simplest  way  of  estimating  the  position  and  the  degree  of  separation  of 
the  double  images  consists  in  placing  the  patient  at  a  distance  of  two  or  three  metres 
from  a  wall  upon  which  a  point  lying  directly  opposite  one  of  his  eyes  has  been  marked 
as  a  point  of  departure.  Starting  from  this  point  we  carry  an  object  which  the  patient 
is  to  follow  with  his  eyes  in  different  directions.  We  mark  on  the  wall  the  points  where 
the  object  begins  to  appear  double,  and  also  the  degree  of  separation  of  the  double 
images  projected  upon  the  wall  in  the  different  directions  in  which  the  eye  is  turned. 
By  repeating  this  test  in  the  same  way  at  certain  intervals  of  time  we  determine  the 
alteratioas  in  the  diplopia.  Inasmuch  as  we  know  the  distance  of  the  patient  from  the 
wall  and  the  linear  distance  from  each  other  of  the  double  images  projected  upon  the 
wall,  we  can  readily  (calculate  the  angle  by  which  the  paralyzed  eye  lags  off  from  the 
line  of  fixation — that  is,  the  angle  of  primary  strabismic  deviation  (Landolt). 

[A  very  convenient  appliance  for  this  purpose  is  the  tangent  plane  (see  Fig.  35) 
in  which  the  position  of  the  double  images  is  indicated  by  pins  thrust  into  the  curtain, 
the  place  and  relative  situation  of  the  pins  being  shown  by  the  diagram  on  the  beck 
of  the  curtain.  The  squares  on  the  diagram  serve  to  measure  the  linear  distanoe 
between  the  double  images,  wliile  the  concentric  circles  measure  the  distance  in 
degrees,  i.  e.,  the  angle  of  primary  deviation.  If  a  light  is  used  as  a  test  object,  and 
a  red  glass  is  placed  alternately  before  the  right  eye  and  the  left,  the  patient  may 
be  got  to  fix  with  the  paralyzed  eye,  in  which  case  the  distance  between  the  double 
images  will  "measure  the  secondary  deviation.    (See  page  713  and  Fig.  340  B.) — D.J 

2.  If  we  have  a  perimeter  at  our  disposal,  we  make  the  patient  at  in  front  of  it 
as  in  the  process  of  determining  the  field  of  vision;  then,  by  carrying  the  mark  used 
as  an  object  of  vision  along  the  perimetric  arc,  we  ascertain  the  point  where  it  begins 
to  appear  double.  We  can  then  determine  the  position  of  the  double  images  upon 
the  arc  of  the  perimeter  and  thus  find  the  angle  of  the  strabismus  for  any  desired  direction 
of  the  gaze,  and  not  have  to  get  at  it  by  calculation. 

3.  We  can  also  by  means  of  the  perimeter  [or  tropometer]  determine  the  field  of 
fixation  (page  694),  and,  from  the  way  in  which  it  is  limited,  judge  of  the  degree  of 
the  paralysis.  [In  the  translator's  experience  this  method  often  fails  to  ^ve  a  satis- 
factory measure  of  the  paralysis. — D.] 

4.  We  try  to  find  the  prism  which  in  any  given  direction  of  the  eyes  corrects  the 
strabismic  deviation,  so  that  the  double  images  are  fused  into  one.  The  angle  of  stra- 
bismus then  amounts  to  one-half  of  the  refracting  angle  of  the  prism,  since  for  weak 
prisms  the  law  holds  good  that  they  deflect  the  rays  through  one-half  the  an^e  which 


1*  [This  may  even  occur  when  the  paralysed  eye  does  not  see  as  well  as  the  other. — D.| 
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krefracting  edfs.e  irtcloscs.    So,  if  double  imag<^8  are  imited  by  a  prism  of  20  a,  the 
bismir  deviation  amounts  to  10",*^ 
[o.  Wc*  may  itw  the  atTi^m  tont   (see  page  744),  adding  prisms  untiS  the  screen 
deviation  has  \yoou  abolishcnL    This  enables  us  to  measure  the  primao"  and  seeoiidary 
Ide^-iation.    Thus  if  we  have  a  paralynis  of  the  right  external  rectui^,  the  prism  vvhieh 
[when  plaeetl,  base  <mt,  before  the  right  eye  just  abolishes  the  screen  movement  will 
[measure  the  primary  deviation,  and  the  prism  which  does  the  same,  when  placetl  before 
the  left  eye,  will  measure  the  seroudary  tleviation.     This  method  is  often  of  great  help 
whi'U  the  evitirnee  frotu  double  imtigf^s  is?  contradict^jry  or  obscure.    The  scroen  devia- 
tion should  then  be  mpasured  in  earh  of  the  ^\x  cardinal  directions  of  the  gaxe,  so  aa 
to  detennine  in  which  dinn-rion  it  tends  to  increase,  and  the  rjiagnuHiM  is  made  from  the 
table  on  ]m(?e  717,  subBtitutiuK  for  DX,  DH,  DR,  and  DL,  exophoria,  esophoria,  right 
h>T>erphoria.  and  left  hyi^crphoria  rt>.spe(!tively. — D.l 

An  inflispensiible  condition  for  the  precision  of  all  these  methods  of  mensuration 
la  that,  while  they  are  being  performed,  the  patient  shall  move  his  eyes  aloEe,  and 
not  hiö  head.  

Site  of  the  Licsion. — Paralyses  of  the  ocular  muscles  constitute  for  the  elin- 
rieian  engaged  in  the  sturly  of  internal  diseases  one  of  the  most  important  means  of 
I  determining  th<;  site  of  a  cerebral  affection.  Hence  we  Rhall  now  enter  more  particularly 
[  into  the  consideration  of  the  diagnostic  (joints  from  which  w^e  can  determine  in  wlu&t 
^  part-  of  thi'  nerv'OiiH  tracts  the  lesion  occurs. 

L  lesions  of  ^he  cruttr,'<  of  highmMUi^^^  situated  above  the  ner%'e  nuclei  (that  is, 
the  cerebrarTorfcx^TT^WfWft l/lii  rtnt < tSj  and  the  fibers  connecting  th<^e  parts  with 
one  another  and  wiili  the  iiuek;— rcgioTLs  which  an*  all  eonifaris<>(i  under  the  name 
of  intracerebral  tracts),  never  vinn^i:  paralj:^eg__of  in(lividuaj_o£ülj^£ja|j>tcles.  If,  there- 
fore, iBolatCMl  paralysps  arc^ffS^nT^SwRSo^^nglHS^ffuMionast^  can  be  excluded. 
The  only  exception  in  fttasis,  as  thb^  sometimes  is  mnt  with  as  an  isolated  phenomenon 
in  cortir^Rrfcfflfflff^Wlerwise  lf>sion^i  of  I  lie  hiiihcr  crntcrs  ulways  en  use  ronjiiQult! 
nanüu^.     '-'  -       '  '  '  ^- 

mäfle  txD  f 


!"'n,  W  Tlfti'^y  «an  not  be 
he  eyes  an^  found  not  infreipjently 


c  11  use 
TTpnTfcy 


HTerwise  Icsioivsof  I  lie  hi[ihcr  vvnUj 
The  eyes  are  unalile  to  tun^T^?nn?^flf'W:d  tTnrT 
marte  txD  converge  (or  diverge].  In  the  given  cast 
to  l>c  drawn  toward  tin*  opposite  side  by  a  spasmodic  contraction  of  the  antagonists 
Thus,  for  example,  in  paralysis  of  tlie  lateral  rotators  to  the  right,  not  only  is  it  im|)os- 
aible  to  turn  theej^es  to  the  right,  but  it  may  be  that  both  eyt*s  are  turne<l  continnously 
and  strongly  to  the  left  (conjugate  deviation).  Conjugate  paralyses,  with  or  with- 
out deviation  of  the  eyes  to  the  opposite  side,  occur  in  disease  of  the  crura  cerel>eUi 
ad  pontem,  of  the  pons?,  of  the  cor[K>ra  quadrigemina,  of  the  great  ganglia  of  the  brain, 
particularly  of  the  thalamus  opticus,  and  v»f  the  c:ortex.  [8ee  also  page  7t)5  lUid,  for 
paralysis  of  divergence  and  convergence,  pages  752  ami  75öd 

2.  Lesions  of  the  nuclei  on  the  floor  of  the  ventricle  (nuclear  paralyjsef?)  produee 
for  the  mosf^SP^OTSriWs  of  .several  ocular  musrl*^.  In  this  way  there  is  developed 
what  is  known  :lh  a  ntrai  öphthaimapltgüt.  As  a  rule  this  is  bilateral,  for  -since  fib<'rs  go 
from  each  orulo-mofor  nucleus  to  the  miiscle^'STTofireyes^  a  lesiffn  of  the  nucleus  t*ven 
th«>ugh  unilateral  mnst  also  make  its  aj^pearance  in  the  muscles  of  both  eyes.  The 
ptoHJs  hi  etirrmarirjmi  with  th<^  ec>nvti|<^te  paralysis  of  the  oilier  muscles,  is  often  con- 
gpT^iousu-  slight,  to  mo8rj^^^n!?TnTenormiRff<'s  of  t  lie  eyr>  itlnKstur  TnepTf^l^fh  d 
w^T^yffffflfftTännn )  remain  exempt  Trorn  ine  parälveys — i.  e..  it  ^s  an  ophthahni*F>leida 
externa. 


ITToTi)   remain  exempt   Irorn  ITTö   paralveys — i. 
in  tlie  latter,  the*  ie;il»in  is  generally  seaietl  in  the  nerve  nuclei- 


Ofihthahno- 

plegia  externa  does,  indeed,  occur  with  biisa!  lesions,  but,  of  course,  it  will  rarely  happen 
that  a  lesion  which  affects  tlie  nerve  trunk  itself  should  out  of  all  the  fibers  spare  just 
those  that  are  designml  for  the  interior  muscles  of  tlie  eye,  I  Yet  an  opht  hahnoplegia 
exterior  of  basid  site  seems  not  to  be  so  ver>'  rare.  It  may  also  be  fascicular  in  origin. 
.  — D.)  If  there  is  an  ophthrdmopleipa  totalis — that  is,  one  in  which  all  the  muscles  are 
I  paralyzed  without  exception — the  site  of  the  lesion  may  vary.     In  bilateral  ophthal- 

»"(Hcülly,  1 1"".     For  prism«  nbovo  20  A  («ee    pafc  796)     thin  mt*?  no  IodäC'''  hold«  «ood.     Tbu«  a 
prism  of  3ä  J!«  produces  a  deviation  ot  2lP  or  more  <depeadiaK  upoa  tW  way  la  which  tbo  prism  u  tioJd). 
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moplegia  we  may  be  dealing  with  a  nuclear  paral3r8i8,  while  a  unilateral  ophthalmoplegia 
totalis  commonly  originates  in  a  lesion  of  the  tnmk  of  the  nerve  at  the  base  of  the  brain, 
or  even  within  the  superior  orbital  fissure. 

A  primary  affection  of  the  gray  substance  of  the  nuclei  of  the  nerves  of  the  ocular 
muscles  lies  at  the  bottom  of  most  cases  of  ophthalmoplegia.    In  its  nature  this  affec- 
tion is  analogous  to  that  which  in  bulbar  paralysis  attacks  the  motor  nuclei  situated . 
farther  down  (the  facial,  glosso-pharyngeal,  hypoglossal,  and  spinal  accessory  nuclei). 
Hence,  the  ophthalmoplegia  may  be  combined  with  a  bulbar  piialysis. 

Ophthalmoplegia  occurs  either  in  an  acute  or  a  chronic  form.    Acute  ophthalmo- 
•    plegia  develops  within  a  few  days  and  is  combined  not  infrequently  with  drowsiness. 
\  It  is  observed  after  poisoning  (by  alcohol  or  lead,  botulismus,  carbon  monoxide  gas)  and 
•  after  acute  infectious  diseases  (diphtheria,  influenza,  measles,  etc.),  in  which  case  also 
]  it  is  probably  a  toxic  effect  that  is  in  question.    It  occurs,  moreover,  imder  the  form  of 
a  disease  analogous  to  the  poliomyelitis  of  children.    In  all  these  cases  there   is  an 
acute  inflammation  in  the  region  of  the  nuclei  (Wernicke's  polioencephalitis  superior). 
Such  cases  may  go  on  to  recovery,  but  may  also  end  in  death  by  transfer  of  the  process 
to  the  deeper  motor  nuclei  of  the  medulla  oblongata  with  consecutive  respiratory  paraly- 
sis.    In  chronic  ophthalmoplegia  the  paral3rsis  slowly  attacks  one  muscle  after  another. 
The  anatomical  change  that  lies  at  the  bottom  of  it  is  not  an  inflammation,  but  a  gradual 
degeneration  and  atrophy  of  the  gray  substance.    The  most  frequent  cause  is  syphilid«, 
and  chronic  ophthalmoplegia  also  occurs  in  tabes,  progressive  paralysis,  disseminated 
sclerosis,  myasthenic  paralysis,  and  Basedow's  disease.     Chronic  ophthalmoplegia  is 
as  a  rule  incurable.    There  are  also  cases  of  congenital  ophthalmoplegia. 

Ophthalfnoplegia  interna  (paralysis  of  the  sphincter  iridis  and  the  ciliary  muscle) 
is  a  frequent  sign  of  cerebral  lues,  and  also  occurs  in  the  early  stage  of  tabes  and  paresis. 
Cases  that  develop  acutely  are  generally  referable  to  poisoning  (by  substances  resem- 
bling atropine  in  action  and  by  sausage  poison). 

Paralyses  of  individual  exterior  muscles  also  may  arise  as  a  result  of  lesion  of  the 
nerve  nuclei.  In  this  category  belong,  above  all,  the  paralyses  which  appear  in  the  begin- 
ning of  tabes  dorsalis,  and,  although  somewhat  less  frequently,  in  disseminated  sclerosis, 
and  which  in  most  cases  are  of  nuclear  origin.  Tabetic  paralyses  often  disappear  in 
a  surprisingly  short  time,  in  spite  of  the  progress  of  the  causal  disease.  But  still  they 
are  apt  to  recur,  and  in  many  cases  they  remain  permanently.  By  a  nuclear  lesion 
the  abdu(%my^n  bepgaJjjj^at  the  same  time  as  the  facial,  since  tlie"  nuclei  oi  tne 
two  "Servini^los^ 


TTTasdcdHSTTSSfStysis  due  to  lesion  of  the  fibers  between  their  point  of  depart- 
ure from  the  nerve  nuclei  and  their  emergence  at  the  base  of  the  brain,  may  be  diag- 
nosticated if  there  is  paralysis  of  the  oculo-motor  nerve  of  one  side  with  simultaneous 
paralysis  of  the  extremities  of  the  opposite  side  (alternate  paralysis).  In  this  case, 
then,  a  focus  of  disease  must  be  assumed  to  exist  in  the  lower  part  of  the  pedunculus 
cerebri  (a.  Fig.  316).  Such  a  focus  of  disease  causes  injury  both  to  the  fibers  of  the 
oculo-motor  nerve  as  they  pass  through  the  peduncle,  so  that  the  oculo-motor  ner\*e 
of  the  same  side  is  paralyzed,  and  to  the  pyramidal  tract;  but  as  the  latter  decussates 
below  this  point,  the  extremities  are  paralyzed  on  the  side  opposite  to  the  lesion.  Such 
a  paralysis,  however,  might  also  be  produced  by  a  focus  of  disease  at  the  base  of  the 
brain,  if  the  disease  were  situated  .so  near  the  peduncle  as  to  cause  injury  to  it.  In 
analogous  fashion  an  alternate  paralysis  of  the  extremities  and  of  the  abducens  (and 
also  of  the  facial)  argues  the  existence  of  a  focus  of  disease  in  the  posterior  part  of  the 
pons,  or  in  the  portions  of  the  base  of  the  brain  adjoining  it  (6,  Fig.  316). 

4.  Lesions  at  the  base  of  the  brain  may  likewise  affect  one  nerve  or  several,  and 
not  infrequently  affect  both  sides  at  once. .  The  facts  which  with  more  or  less  prob- 
ability lead  us  to  infer  the  existence  of  a  basal  paralysis  are:  (o)  When  a  whole  series 
of  cerebral  nerves  upon  one  side,  such  as  those  supplying  the  ocular  muacles,  the  facial, 
auditory,  the  trigeminal,  the  optic,  and  the  olfactory  nerves,  are  paralyzed  one  after 
another.  (6)  When  the  affection  of  the  trigeminus  begins  under  the  guise  of  a  neuralgia; 
the  latter  not  being  observed  in  central  paralyses,    (c)  When  disturbances  of  edght  of  a 
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certmn  sort  are  present.  AmcmR  thef%e  are  blindnefls  of  one  eye  without  implication 
of  the  other,  a  eon  flit  ion  v^hich  ]>rovea  ii  Irsioji  nf  the  intrjicranial  |or  intra-<jrbT(4il) 
segment  of  one  optic  nerve;  also  tomporal  henitopia  which  indicat^^s  a  lesion  of  the 
ehia.«mn.  Homonymous  hemiopia  oe(*nrs  b<»fh  in  afTt'(*tions  at  the  baHt>  of  the  nkiill 
through  impiiration  of  the  optic  tract  and  also  in  lesions  sit uatwl  higher  up*  Heiniopia 
from  involvement  of  the  traet  is  rare  and  should  be  ui^sumed  to  exist  only  when  there 
are  other  factors  that  ar^ue  the  pr<»sinice  of  a  basal  afftH'tion.  \  tract  hcmiopia  would 
ttlscj  be  inferred  if  there  wa^  a  hemiopic  pupillary  reaction  (page  581)  The  disturh- 
anre  of  vision  ean  be  mude  use  of  for  diagnoslieatiag  the  site  of  the  lesion  only  when 
by  ophtha! moflcopic  examination  we  can  exelude  the  pos8j:bility  that  the  disturbance 
of  vision  is  located  in  the  eye  it49elf  (e,  g,,  as  when  due  to  papillitis  or  primary  a(ropby 
of  the  optie  nen^e). 

Basal  paralyses  of  the  eye  muscles  often  result  from  fracture  of  the  base  of  tlic 
skull.     The  abdurens  is  particularly  often  paralyzed,  att  it  runs  elope  by  the   apex  of 

(the  pjTamid  of  the  petrous  bone  and  in  rc>atlily  injnnxi  by  it  (Panas)»     Bei-aut^e  also  I 
of  its  closeness  to  the  |ietrou>t  bone  the  abducent?  ia  often  impliealed  in  otitic  proeessrs.  1 1 
Furthermorei  transient  abdueens  paralysis  often  occurs  after  lumbar  anffisthesia.  ' 

To  the  paralyses  of  basal  origin  belong,  too,  most  of  the  eas«»s  of  periotHc  parnly^ 
sis  of  the  eye  muscdes.  8uch  a  paralysis  most  freciuently  affects  the  oeuliv-motorius» 
The  attaeks  arc  ushered  in  by  headache,  which  is  oft^'n  associatc<l  ivith  vomiting  [oph- 
thalmoplegic migraine  I .  After  these  symptoms  have  Listed  for  sr>me  days,  the  paraly- 
sis sets  in.  After  some  day»  or  weeks  this  either  tlisapiK^ars  entirely  or  leaves  a  paresis 
of  the  muscles  that  lasts  till  the  next  attack.  The  disease  often  begins  in  childluxKl, 
and  ends  either  in  recoverj^  or  in  permanent  paralysis.     Some  of  these  eases  are  of  a 

^purely  functional  nature  (hysteriral),  in  others  there  is  a  basal  lesion  (a  cireumseribed 

f  exnidate  or  smatl  new  growths  that  press  on  the  ner^^e). 

5,  The  «tiagnnsis  of  an  orhütü  paral^'iais  must  be  matle  from  the  accompanying 

tifymptoms,  when  these  are  indicative  of  an  affection  within  the  orbit.  Among  such 
aymptfims  art*  pain  in  thi*  orbit,  cither  spontaneous  or  excited  by  pressure  upon  the 
eyeball  or  upon  the  margin  of  the  orbit,  a  tumor  deep  in  discoverable  by  palpation, 
protrusion  of  the  eyebal!,  unilateral  optic  neuritis  due  to  pressure  on  the  optic  nerve, 
and  finally  the  history  of  antecedent  trauma  :i!Teetin;»  the  orbit.     (Cf,  page  51M.)  i,«^ 

Mytpithenifi  often  begips  in  the  eye  niuscK^,  i^simJtv  im<,ler  the  form  of  ptosis  ^  jf 
In  thi«  ease  the  paralysis  may  [)ass  over  t«  the  other  eye  muscles  [besides  the  levator |» 
hut  the  interior  mttsrU-j*  idw!iys  remain  exemfjt,  l^he  paraK^^  are  characterized  by 
(he  fart  that  they  are  made  to  incn^ase  rapidly  by  exliaustion.  The  diagnosis  is  made 
certain  if  at  the  same  time  there  is  feebleness  of  the  muscles  of  the  face,  neck,  and  maa- 
ticatory  apparatus. 

Paralyses  of  the  ocular  muscles  may  bi>  of  rott/jmital  occurrence.  Mention  has 
already  be*^n  made  of  congenital  ophthalnio|ilegia.  The  most  fre<|uont  congenital 
paralyses  are  those  of  the  abdncens  [ot^curring  mainly  in  the  form  of  the  syndrome 
des<Tibed  below |.  It  is  a  remarkable  fact  that  in  these,  contrary  to  what  takes  pla<i* 
in  the  mx^uired  [)aralyses,  contracture  of  the  antagonists  does  not  set  in;  both  ey**s 
have  a  perfectly  proper  fiosition  as  long  as  th*^  gaze  is  not  directed  toward  the  si<le 
cif  the  paral\'zetl  muscle.  An  inability  to  turn  tlie  eye  u|nvard  has  been  obscrvetl 
occurring  coincident ly  with  congenital  ptosis.  Autopsies  have  shown  that  in  this 
ease  the  superior  rectus  was  absent.  [Congenital  paresis  of  the  superior  rectu«  i« 
frequent  and  occurs  often  without  any  coincid*'nt  ptosis.  In  such  ca.ses  the  patient 
often  fixes  with  the  paretic^  eye,  the  other  showing  a  marked  sin'onchiry  deviation 
tipward  (upshoot)  when  adducteti.  Paresis  of  the  inferior  rectus  is  also  common,  al- 
though it  is  often  ver>^  slight.  Another  less  frer|uent  congenital  deviation  occurs  a^  a 
syndrome  in  which  the  externjil  rectus  i»  nearly  or  quite  pjiralyuCfl,  the  internal  rectus 
is  paretic,  and  the  eye  when  tiirned  inward  retracts  more  or  less  strongly  in  tu  the 
orbit  and  at  the  same  time  turns  up  (sometimes  down)  while  the  palpebral  fissure  closes 
(false  ptosis.)  Many  cases  of  s<M*alIefJ  congenital  paralysis  are  n^ally  due  Ut  abwnc**, 
dboonnal  insertion,  or  other  structural  anomali(\s  rjf  the  muscles  themselves» — D.J 
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[APPENDIX. 

Spasm  of  the  Ocular  Muscles. 

I  125  A.  Symptoms. — Spasm  of  any  muscle  of  one  eye  will  cause  that  eye  to  shoot 
I  ahead  of  the  other  when  both  are  moving  in  some  special  direction.  The  8ym{>tom6 
I  of  such  spasm  are — 

1.  Excessive  Movement. — ^The  affected  eye  shoots  beyond  the  other  when  the 
eyes  are  carried  in  a  certain  direction,  and  its  total  range  of  excursion  in  that  direction 
is  greater  than  that  of  the  fellow-eye. 

2.  The  deviation  thus  produced,  which  can  be  made  out  by  the  screen  and  other 
tests,  is  greater  if  the  sound  eye  is  used  for  fixation  than  if  the  affected  eye  fixes, — i.  e., 
the  primary  is  greater  than  the  secondary  deviation.     (Of.  remarks  on  p.  704). 

3.  Diplopia,  increasing  as  the  eyes  are  carried  in  the  direction  of  the  field  of  action 
of  the  overacting  muscle.  This  diplopia  is  precisely  the  same  in  character  and  in  be- 
havior as  that  which  would  be  produced  by  a  paralysis  of  the  associate  muscle  in  the 
fellow-eye, — i.  e.,  the  conditions  will  be  as_shown  in  the  following  table. 


Spasm  of  right 


(V»rn?epondH  to 
})anilyMM  or  left 


In  cither  caw 


y^8u 


External  rectus ,  Internal  rectus  . . . 

Internal  rectus External  rectus. . . 

Superior  rectus '  Inferior  oblique  . . 

ierior  oblique |  Superior  rectus  . . . 

nferior  rectus Superior  oblique. . 


If  L.  eye 
flxw  R. 
deviate« 
greatly 


If  R.  eye 
fixes  L. 
deviates 


Superior  oblique  . 


Out Out 

In I  In 

Up Down . . . 

Up I  Down... 

Down . . . !  Up 


Inferior  rectus Down . . . ,  Up . 

'  I 


Diplopia  Sa 


Crossed 

Homonymous . 

RIghta 

Right« 

I^ft« 

Left " 


DeviatioD  and 

diplopia  increai»  a« 

eyeaare  carried 


ToR. 

ToL. 

Up  and  to  R. 

Up  and  to  L. 

Down  and  to  R. 

Down  and  to  L. 


NoTK. — The  conditions  obtaining  in  spasm  of  the  left  eye  (paralysis  of  the  right)  may  be  deduced 
by  substituting  right  for  left  and  vice  versa. 

4.  False  Projection. — If  the  projection  test  is  made  in  the  manner  indicated  on 
page  705  by  having  the  patient  close  the  good  eye  and  try  to  put  his  ünger  on  an  object 
situated  within  the  field  of  action  of  the  affected  muscle  it  will  generally  be  found 
that  in  a  case  of  spasm  the  patient  undershoots  his  mark,  just  as  in  paral3r8is  he  over- 
shoots it.  Thus,  a  patient  with  a  spasm  of  the  right  abducens  who  is  trying  to  touch 
an  object  on  his  right,  will  put  his  finger  to  the  left  of  it.  The  reason  for  this  is  that 
the  patient  underestimates  the  distance  that  the  eye  travels,  since  he  is  aware  only 
of  the  effort  that  he  is  putting  forth  in  order  to  look  at  the  object,  and  with  an  over- 
acting muscle  this  effort  is  less  than  normal. 

5.  An  apparent  movement  of  objects  looked  at  may  be  produced  by  the  false  pro- 
jection, and  this  movement  together  with  the  diplopia  may  cause  vertigo. 

The  appearances  presented  by  a  spasm  of  a  muscle  in  one  eye  closely  simulate 
those  of  a  paralysis  of  the  associate  muscle  in  the  other  eye.  Indeed  the  diagnosis 
between  the  two  may  be  difficult,  but  in  general  can  be  made  from  the  foUowing: — 

Points  in  Common. 
One  eye  moves  faster  and  further  than  the  other  when  both  are  carried  in  some 
one  particular  direction;    and  this  discrepancy  between  the  position  of  the  eyes  and 
also  the  diplopia,  false  projection,  and  vertigo  become  more  and  more  pronoimced, 
the  further  the  eyes  are  carried  in  that  direction. 


"I.  e.,  vertical  diplopia  with  the  image  of  the  right  eye  below. 
*'I.  e.,  vertical  diplopia  with  the  image  of  the  left  eye  below. 
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The  absolute  excursion  of  the  faster 
moving  eye  in  the  given  direct  ion  is 
greater  tlian  m?niml;  tlmt  of  the 
other  eye  m  normal. 

The  total  excursion  of  the  faster  moving 
eye  in  the  given  chrertion  and  in  the 
direction  oppo*iite  is  greater  than  nor- 
mal,— i.e,,  the  Hel<l  of  tixuiion  is  ex- 
cessively large  in  om^  of  its  diameters. 

Fixation  is  uhuuHv  perfonned  by  the 
slower  moving  eye. 

*rhe  amount  of  deviation  may  show  great 
and  sudden  changes  from  time  to  tin>e. 

If  faUe  projeetion  is  present,  it  occurs 
when  the  fa,ster  moving  eye  is  used  for 
fixation  (the  other  being  rinse«!),  and 
the  patient  understio€>t8  the  mark  he 
is  tr>''ifig  to  touch. 


PARALYSIS. 

The  absolute  excursion  of  the  faster 
moving  eye  is  normal  in  the  givefi  di- 
rection; that  of  (he  oilier  eye  ia  »uIh 
norma  L 

The  total  excursion  of  the  fainter  moving 
eye  is  nornuil,  that  of  tlie  otlier  eye 
is  ßubnorma!— i.e.,  the  field  of  fixa- 
tion of  the  latter  in  contracted  in  one 
of  its  diameter«. 

Fixation  usually  performed  by  the  faster 
moving  eye, 

Ihe  amount  of  deviation  remain^ä  con- 
stant or  changes  slowly  and  progres- 
sively. 

False  projection  fM'cur.H  when  the  slower 
moving  eye  is  u^sed  for  fixation,  and 
the  patient  overshoots  the  mark  he  is 
tr>^ing  to  touch. 


Furthermore,  if  an  elevator  or  depressor  is  afTeeted  the  eye  which  by  the  Maddox 
roti  or  clinometer  sliow«  an  abnormal  torsion  is  the  affected  eye. 

EruHxiGY  OF  SpASM.—Over-action  of  an  ocular  nuiscle  may  occur  either  liecause 
the  muscJe  itöolf  in  excessively  strong  and  over-developed  (stmctura!  <}ver-<irfu}n) ^  or 
becauise  the  tendon  is  inserted  so  close  to  the  cornea  that  it  exerts  an  tmdue  leverage 
on  the  eye  {in^eriU^mit  ot^er-aetvin),  A  marked  example  of  imsertional  over-action  is 
that  produced  by  the  ojx^ration  of  advancement. 

True  spasm  is  that  form  of  over-action  produced  by  excessive  innervation.  It 
may  be  either  primary  or  st^-ondary. 

Frimanj  apt  am  of  the  ocular  miisck's  is  rare.  It  may  be  produ<"ed  l>y  meningitis! 
or  other  irritative  affections  of  the  brain,  by  reflex  irritation  from  decayctl  iceth,  by 
lieighteneii  pressure  in  the  lab>Tinth,  and  by  tetanus.  Tiie  spaÄm  produced  by  hysteria 
or  occurring  in  connection  with  convuL*^ive  attacks  doej*  not  usually  afTt*ct  the  individual 
'muscles  but  some  conjugate  movement  of  the  eyes  especially  com^ergence  (conver- 
genee-fipasm,  see  page  763)  or  a  jxirallel  movement  (conjugate  sfjai<m.  see  page  764)« 

Stcondarif  itfiamn   is  comm*»n.     ll   comprises — 

1.  Secmuiart/  fifxiffTfUMiir  äci'üllioli  aj  the  mmrul  eye  when  the  paretic  eye  fixen  (see 
page  720).  Thia  deviation  (see  Table  on  page  724)  alwa}*^  apjiears  under  the  guise 
of  a  spasm  of  the  associate  to  the  paralyzes!  nuisclc. 

2.  Sp€tüm  of  a  tfynerifie  rmmde  ifi  the  ttame  eye.  Thiisi  in  paralj-^ia  of  the  right  su- 
perior rectus  there  may  be  a  sort  of  compensatory*  spasm  tit  The  right  inferior  oblirjne. 
The  result ing  condition  is  quite  like  that  produced  Ijy  sinuiltiiiHM>us  paralysis  of  both 
superior  recti,  and  ditTers  only  in  that  the  diplopia  in  the  left  upj>er  field  fluctuates 
roi^iderably  anil  irregularly  from  one  time  to  another. 

So,  too,  in  an  alMluceits  |iaralysis  we  sometimes  find  an  associated  spasm  of  the 
other  aMuclors  (the  two  obliques)  in  the  same  eye.  This  catjses  the  eye  to  move  by 
2ig-2ag  jimi|)K  a  little  further  out  than  the  externtis  alone  can  carrj^  it.  If  ihe  eye  is 
aliove  or  l^elow  the  horizontal  plane,  the  amount  of  additional  movement  thus 
obtained   may  Ix*  considerable. 

.1  More  or  leas  irregular  and  varjang  spa&m  in  the  opponents  of  the  parulyxtd 
muscle, 

4.  Permafient  npasiie  cantraction  (contracture)  of  the  opponent  to  the  paralysed 
.muscle  (see  page  707).  In  this  case  the  paralysis  itself  may  disappear  and  the  contract- 
lUre  remain  (see  page  7QS).  When  this  happens  the  picture  presented  will  he  tlmt  of 
[i^pasm»  pure  and  simple. — D] 
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IL  Latent  Disturbances  of  Equilibrium 
(Heterophoria)  .^ 

126.  In  the  normal  state  the  eyes  in  every  natural — i.  e.,  not  forced 
— position  are  in  perfect  muscular  equilibrium  (orthophoria).  What  this 
expression  orthophoria  signifies  is  rendered  clear  by  the  following  experi- 
ment: We  cause  the  patient  to  fix  an  object  at  a  distance  of  30  cm.  from 
him  with  both  eyes.  Then  we  push  a  sheet  of  paper  before  one  eye 
and  watch  behind  the  paper  the  eye  thus  covered.  We  shall  find  that 
the  eye  remains  correctly  adjusted  for  the  object,  although  it  no  longer 
sees  it.  It  remains  steadily  in  the  position  of  fixation  because  this  is 
the  position  of  equilibrium  for  the  eye.  This  position  is  the  resultant 
of  the  varying  amounts  of  innervation  which  are  supplied  to  the  indi- 
vidual muscles  and  which  are  distributed  among  them  in  proper  pro- 
portions. 

Disturbances  of  muscular  equilibrium  are  recognized  by  the  same 
experiment.  For,  suppose  that  both  eyes  are  properly  adjusted  for  the 
object  held  before  them.  A  screen  is  now  held  before  one  eye.  This 
deviates  behind  the  screen  in  some  way — say  outward.  When  then  the 
screen  is  withdrawn,  the  visual  axis  of  this  eye  is  no  longer  directed  at 
the  object,  but  the  eye  has  an  outward  squint.  It  hence  has  to  be 
brought  back  to  the  position  of  fixation  by  a  movement  inward  (move- 
ment of  adduction).  Hence,  on  withdrawing  the  screen  we  observe  a 
movement  of  the  eye  in  a  direction  precisely  opposite  to  that  of  its 
deviation  behind  the  screen  {movement  of  readjustment  or  redress). 
This  latter  movement  is  generally  easier  to  make  out  than  the  devia- 
tion of  the  eye  behind  the  screen,  and  hence  is  currently  employed  as  a 
means  of  recognizing  the  latter.  If,  on  the  withdrawal  of  the  screen, 
the  eye  makes  a  movement  of  redress  inward,  it  has  been  deviating  out 
behind  the  screen,  and  vice  versa.  The  phenomena  that  present  them- 
selves in  this  experiment  are  accounted  for  as  follows:  In  the  example 
selected,  in  which  the  eye  deviates  out  behind  the  screen,  the  two  eyes 
during  the  act  of  fixation  were  not  in  muscular  equilibrium,  but  tended 
to  diverge.  Yet,  so  long  as  vision  was  performed  with  both  eyes,  there 
was  correct  fixation,  because  otherwise  there  would  have  been  double 
vision.  Now,  there  is  a  great  antipathy  toward  double  images  and  a 
correspondingly  strong  effort  to  secure  single  vision  (fusion  tendency; 
see  page  700).  Hence,  an  excessive  convergence  innervation  is  brought 
into  action  in  order  to  oppose  the  tendency  to  divergence.  But  as  soon 
as  one  eye  is  covered,  diplopia  can  no  longer  take  place;  there  is  now 
no  object  in  maintaining  an  excessive  effort  to  perform  convergence, 
and  the  eye  consequently  rolls  outward.  The  position  of  equilibrium 
for  this  eye  is  therefore  a  pathological  one — namely,  a  position  of 
divergence  to  a  certain  amount.  As  soon  as  the  screen  is  withdrawn 
again,   double   images   make    their   appearance,    which,    how^ever,    are 

"[See  alao  pages  742-761.] 
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speedily  united  by  the  return  of  the  deviating  eye  to  its  normal  posi- 
tion once  nKire.'^ 

Strabii>nm£>  and  paralysis  of  the  ocular  muscles  are  also  disturbances 
of  equilibrium.  From  these  the  condition  here  in  question  is  dis- 
tinguished by  the  fact  that  under  ordinary  circumstances  it  is  not 
apparent  J  since  it  is  compensated  for  by  a  corres|Kjnding  output  of 
innervation.     It  is  hence  called  laieni  disturbance  of  equilibrium. 

The  disturbanfe  of  equilibrium  may  occur  in  either  one  of  two 
sensee — i.  e,,  as  an  excess,  or  as  an  enfeeble  men  t  of  convergence — ^in 
other  words,  as  a  latent  convergence  (csfiphoria),  or  as  a  latent  diver- 
gence (txophorta)r''    The  lalter  is  Ijv  far  the  nmre  frequent. 

The  causes  of  these  disturbances  of  equilibrium  are  twofold: 

(a)  Or^ganir  causes,  consisting  of  feebleness  of  one  of  the  pairs  of 
muscles.  This  may  depend  upon  anatomical  conditions,  such  as  the 
size  of  the  muscle,  the  way  in  which  it  is  inserted,  the  size  of  the  eye- 
ball, and  their  distance  from  earli  other.  \ery  myopic  eyes  are  par- 
ticularly large,  and  hence  more  diihcult  to  move.  Enfeeblement  of  the 
eye  muscles  may  also  occur  as  a  result  of  exhausting  diseases  or  of  pa- 
ralyses of  the  muscles.  But  by  far  the  most  frequent  causes  of  latent 
disturbance  of  ef|uilibrium  are: 

(6)  Funvtioriai  cnuf>es,  produced  by  abnormal  innervation  of  the  ocu- 
lar muscles,  antl  arising  from  the  relations  existing  between  accommo- 
dation and  con\'ergence.  These  two  functions  in  an  enmietropic  eye  go 
hand  in  hand,  so  that  with  each  definite  degree  of  accommodation  there 
is  associated  the  quantum  of  convergence  that  belongs  to  it.  and  vice 
versa  (see  §  141).  When  such  eyes  accommodate  for  an  object  situated 
at  a  distance  of  30  cm.,  for  example»  they  also  converge  for  the  same 
distance,  atid  hence  are  still  in  a  state  of  muscular  equilibrium.  If  an 
eye  has  an  abnormal  condition  of  the  refraction,  either  myopia  or  hyper- 
metropia.  the  <[uanlum  of  accommodation  required  for  any  given  dis- 
tance changes  accordingly.  The  myope  requires  less,  the  hyj>ermetrope 
more  acconmmclution  than  the  emmetropic  person.  The  convergence 
may  adapt  itself  to  the.se  altered  condititms,  so  that  the  harmony  be- 
tween the  acco!nmodation  and  the  convergence  is  preserved.  But  very 
often  this  is  not  the  case.  A  myof)e,  for  example,  whose  far  point  lies 
at  30  cm.  needs  no  accommodation  at  all  to  see  an  object  at  this  distance 
distinctly.    Hence,  the  necessary  impulse  for  the  requisite  degree  of  eon-- 


-'The  clifferptic*^  ht'lw«^«,  thw  teat  ami  that  ntven  on  p»g«  730  b  a«  follow» :  To  rlenioiistr^tc  ihn 
prpj^encc  of  a  latent  dinturbaTico  of  e<]|UiHbrium  une  eye  ia  alt«mately  covered  and  uncovered  t  tti# 
movement  of  re*lre^*  mk«»»'  pIftM»  nu  matter  to  which  eye  the  «jver  In  applied.  To  dpmonAirale  a  man> 
ife*t  devmrion  the  tw»i  eye."  are  alternately  ectverwl;  a  movement  of  redrej»  Iake0  place  I  hen  when  we 
cover  the  tixinji:  but  not  when  they  rover  the  deviatinfi;  eye,  [Fora  fuller  cnunemti,on  of  tiii?*  differ- 
ence «ee  page  744. — D.] 

'*  Latent  ^^►rsv»*riEenoe  i»  al«o  eallciJ  latent  or  dytiamic  convergent  i!«qtiint  (Von  Oraefe ;  and  latent 
divergience,  latent  or  dynnnne  diveritent  squint,  or  the  term«  preponrjeni nee  and  m^uiflojeoc>'  of  the 
mt«mi  Vi.  c.,  the  internal  rectili  are  ij*ted,  The^e  latter  cxpreivinni«.  however,  should  be  rejeeled^  Kitice 
iti  the  majority  of  em^*  tlie  itilernat  recti  in  theniMelveii  are  neither  tw  <«troti«  tior  too  weak.  !f  we 
direet  the  paiietii  to  look  tn  one  *iide,  we  find  fhnt  the  eye  ij*  turned  inwant  in  a  normal  way  to  the 
inner  angle  of  the  eye.  Uence,  when  Ntibsen  ing-  lateral  movetnrni^..  tlje  internal  recti  aet  normally, 
and  their  fijnction  ip  ^ItHttirbed  onlv  when  ihey  Httbf»er\'e  converweiiee.  and  then  oiilv  as  a  reKult  of 
fatilty  innervatiun.  At  the  mo,'*t,  then,  we  can  tpeak  of  a  preprmderan€«  ar  an  m»uffieiency  of  coii- 
verjpenee.    {Cf.  pagrc«  750  et  wqj  ' 
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vergence  is  wanting,  because  with  the  accommodation  at  rest  the  eyes 
tend  to  arrange  themselves  parallel  ^to  each  other,  and  in  this  case  a 
latent  divergence  will  exist. 

The  reverse  is  the  case  with  hypermetropes,  as  in  order  to  see  dis- 
tinctly they  are  obliged  at  all  distances  to  accommodate  more  than 
emmetropes  do.  Hence,  they  are  also  led  to  innervate  the  muscles  of 
convergence  excessively,  so  that  a  latent  convergence  is  set  up. 

Slight  degrees  of  latent  disturbance  of  equilibrium  give  no  trouble 
whatever,  but  the  higher  degrees  entail  disagreeable  consequences — 
namely,  asthenopia  and  squint.  Asthenopia  develops  in  cases  of  latent 
divergence,  inasmuch  as  this  .prevents  the  continued  maintenance  of 
the  proper  degree  of  convergence  required  for  all  kinds  of  close  work, 
like  reading,  writing,  and  all  the  more  delicate  varieties  of  handicraft. 
Hence,  the  eyes  get  tired  when  the  work  is  carried  on  too  long;  the 
object  looked  at  grows  indistinct  and  often  appears  double;  and  conse- 
quently headache,  and  even  nausea  set  in.  This  condition  is  known  as 
asthenopia  muscularis  (to  distinguish  it  from  accommodative  and  ner- 
vous asthenopia).  A  characteristic  mark  of  it  is  that  the  asthenopic 
difficulties  disappear  at  once  if  the  patient  closes  one  eye  and  uses  but 
one  for  fixation,  since  then  no  convergence  is  required. 

Higher  degrees  of  disturbance  of  equilibrium  often  pass  into  stra- 
bismuSy  and  into  divergent  or  convergent  strabismus  according  to 
the  nature  of  the  disturbance.  The  impulse  for  the  transformation  of 
latent  into  manifest  strabismus  is  often  supplied  by  a  reduction  in  the 
visual  power  of  one  of  the  eyes,  so  that  binocular  vision  becomes  of 
less  utility  or  is  actually  abolished.  Then  the  condition  of  affairs  be- 
comes the  same  as  that  which  the  experiment  for  testing  insufficiency 
produces  artificially,  when  one  eye  is  covered  and  thus  excluded  from 
the  act  of  vision.  For  this  reason  blind  eyes  are  very  frequently  found 
to  deviate  out  or  in. 

Treatment. — Latent  divergence  [exophoria]  requires  assistance  only 
when  it  causes  asthenopia  or  threatens  to  pass  into  strabismus.  In 
slight  cases  the  defective  convergence  may  be  assisted  by  prisms. 
These  are  placed  before  both  eyes  and  in  such  a  way  that  their  bases 
are  directed  inward  {P  and  Pj,  Fig.  342).  The  rays  coming  from  the 
point  of  fixation,  0,  are  deflected  by  each  prism  toward  its  base.  The 
eyes,  therefore,  need  only  converge,  as  though,  they  were  gazing  at  the 
more  remotely  situated  point,  Oj.  Both  on  account  of  the  weight  of 
the  stronger  prisms  and  of  the  chromatic  dispersion  that  they  cause, 
only  those  of  4  A,  or  at  most  of  6  A,  for  each  eye  can  be  used.  If,  as  is 
UHually  the  case,  we  are  dealing  with  latent  divergence  occurring  in 
myopes,  we  may  combat  it  by  making  the  patient  wear  concave  glasses 
for  near  work  as  well  as  for  distance.  [According  to  the  rules  laid  down 
lat«r,  he  should  do  this  in  any  case. — D.]  Thus  the  myope  is  compelled 
to  ar'commodate  and  can  the  more  readily  exert  the  requisite  conver- 
Hcjice.    In  many  cases  we  shall  prescribe  a  combination  of  spherical  and 
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prisiBiüic  glasses.  For  higher  degrees  of  hitent  divergence  operation 
is  indieated.  This  consists  in  ad^^ancement  of  the  internal  rertus, 
either  alone  or  combined  with  tenotomy  of  the  external  rectos. 

Late  fit  convergeTwe  [esophoria]  demands  assistance  only  when  it  be- 
gins to  pass  o%*er  into  squint.     Ttie  treatment  then  consists  in  the  pre- 
scription of  the  convex  glasses  that  correct  the  hypermetropia,  so  that 
the  accommodation   may   be 
reduced  to  its  proper  amount 
and   thus   the   increased   im- 
pulse to  convergence  may  be 
done  awav  with.  ^— -•"""" 

For  the  numerical  deternvina-  "^-»-^.^^^ 

tioii  of  Ltie  tiegrce  of  insiiffit'iency  *'""'*- 

Vor^  Graefe  has  proposed  liiü  cyui- 
iilwiuw  trat.  This  starts  from  the 
Uiei  tlml  u  disturbanpe  of  equi- 
lihrium  t»eeomcs  manifest  as  aoon 
aj<  we  render  bjuonilar  sini^le  vis- 
ion iin^ixisisitile.  To  at'cornpht^sh  ihin» 
we  plai-e  before  one  eye  a  prism 
with  its  base  down  or  up  and  of 

such  strength  ttiat  it  ciin  not  be  overcome  by  an  effort  of  the  eyea  acting  to  place  them 
on  difTetriit  leveb  (see  page  701).  For  exumple,  we  place  the  prism ^  F  (Fig-  343  A), 
whose  refracting  angle  amount.s  to  10°,  with  its  t)a.sf*  down  before  the  left  eye,  and 
tell  the  person  under  exaniination  to  fix  his  ga«e  upon  an  object,  o  (e.  g.,  u  black  dot 

upon  whit«  paper,  or,  when  the  ob- 

A 

0 


Fig.  342. — EilFLorMtsT  trr  Priaikb  in  Latent  Devks- 
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ject  is  to  be  at  a  greater  distance^ 
at  a  candle  (lame).  The  left  eye 
now  sees  the  object,  o,  not  at  its 
projx^r  pbt?e,  but  at  o^;  and  hence 
with  both  eye«  together  there  are 
seen  double  images  on  diiTerent  lev- 
els. If  there  is  muscular  equilib- 
rium, so  that  the  eye«  converge 
properly  at  r^  tlie  two  imager  st^nd 
vertically  over  one  another  (L  and 
H,  Fig.  343  B).  But  if  there  m  & 
disturbance  of  eciuihbrium,  and  con- 
sequently an  exccÄsive  or  a  deficient 
converi^nce,  a  lateral  reparation  of 
tlie  imager  is  supenuldod  to  the 
difference  of  level.  In  fact,  tlie 
efTort  to  conipctii^ate  for  the  dis- 
til rlia  nee  of  eq\iälibriura  by  appro- 
priate innervation  now  disappears,  since  the  double  images  could  not  Ikj  seen  as  one 
in  any  case  on  account  of  the  difference  of  leveL  8upp*jse,  for  iiisiunce,  that  there  is  a 
latent  divergence  [cxophoria].  Then  the  left  eye  deviates  out  l^elünd  the  prism.  The 
point  o  consequently  ctmis  an  image  to  the  outer  side  (left)  of  the  fovea,  and  i»  tliere- 
foreaeen  too  far  to  the  right  icross'i^l  double  images,  Fig,  308  B).  Hence,  the  upper  dot 
which  belongs  to  the  left  eye  no  longer  standH  vertically  above  the  lower^  but  to  the 
right  of  it  (Fig.  343  CK  If  now  a  second  prism,  the  ba^e  of  which  l«H>k8  inwanl,  is 
plti('f?d  before  the  prism  which  has  its  ba^e  down,  the  rays  coming  from  thi!  dot  are 
de6ected  by  this  second  prism  itiward  toward  the  vertical  meridian  of  the  retina,  and 
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lie  upper  image  moves  to  a  point  more  nearly  above  the  other.  By  trying  stroogei 
|nd  stronger  prisms  we  can  at  length  find  one  which  brings  the  two  images  exactly 
over  each  other  in  a  vertical  line.  This  corrects  the  lateral  deviation  of  the  eyes,  and 
hence  gives  the  numerical  expression  for  the  heterophoria.    We  usually  determine  the 

insufficiency  in  this  way  for  two  distanoos — namely, 
for  infinite  distance  (i.  e.,  six  noetree),  and  for  the 
oridinary  reading  distance.  [Stevens's  jJiorometer  (see 
page  747)  is  the  most  convenient  way  of  ai^alyii^ 
the  equilibrium  test. — D.] 

Instead  of  a  downward-refracting  prism  we  may 
place  before  one  of  the  eyes  the  glass  rod  devised  by 
Maddox  by  which  the  candle  flame  appears  drawn  out 
into  a  luminous  line.  This  line  now  can  not  be  fused 
with  the  candle  flame  as  the  other  eye  sees  it.  If 
there  is  heterophoria  the  line  of  light  no  longer  coin- 
cides   with    the    candle   flame;    the    prism   which  is 

required  to  make  the  two  coincide  gives  the  direction 

Fio.  344.— Maddox  Rod.  ^^^  amount  of  the  disturbance  of  equilibrium.    [See 

Inatead  of  a  single  thick  glasfl  rod       »^  Pag©  746.] 
there  is  now  used  a  seric«  of  thin  Disturbances  of  equilibrium  also  occur  in  which 

rod»  uflualiy  made  of  red  slasa.       au-aj  r  xj».  ■ 

placed  side  by  m\e  in  a  frame!      »^"©"^  ^  *  tendency  of  one  eye  to  deviate  up  or  down 
If  the  rods  are  held  horjEontajly      (hyperphoria).     Here  it   is  not   a   case   of   abnormal 

the  re<l  hne  of  light  produced  by        •    _'         .•  •      au      j-        j  «• 

them  is  vertical  and  vice  versa.         mnervation  as  occuTs  m  the  disorders  of  conveigenoe, 

but  of  an  anomaly  in  the  relative  position  of  the  eyes, 
which  is  compensated  for  by  appropriate  unequal  innervation  of  the  two  eyes,  so  as  to 
avoid  diplopia.  These  cases  are  rare  [or,  at  least,  less  common  than  lateral  hetero- 
phoria], and  the  degree  of  latent  vertical  deviation  in  any  case  is  generally  small.  In 
severe  cases  treatment  consists  in  prescribing  prisms  or  in  an  operation. 

III.  Squint. 

127.  Symptoms. — Squint  consists  in  a  deviation  of  the  visual  axis 
of  one  of  the  eyes  from  the  correct  position  of  fixation  upon  an  object,  the 
deviation  occurring  in  every  direction  in  which  the  eyes  are  turned,  and 
always  through  the  same  angle.  Squint  is  thus  distinguished  from 
paralysis,  in  which  on  the  one  hand  the  deflection  is  present  only  in  the 
sphere  of  action  of  the  paralyzed  muscle,  and,  on  the  other  hand,  when 
once  within  the  limits  of  this  sphere,  it  becomes  greater  and  greater  the 
farther  the  eye  is  carried  into  the  latter,  because  then  the  paralyzed  eye 
lags  more  and  more  behind  the  sound  one.  A  squinting  eye,  on  the 
contrary,  does  not  lag  behind  the  other  in  any  direction  in  which  the 
eyes  may  look,  but  accompanies  it  in  all  its  movements,  and  always  de- 
viates to  the  same  degree  from  the  correct  position,  for  which  reason 
squinting  is  known  as  strabismus  concomitans. 

The  simplest  way  of  going  to  work  to  measure  the  strabismic  de\'i- 
ation  is  as  follows:  We  cause  the  patient  to  fix  his  gaze  upon  an  object 
which  we  have  placed  in  the  median  line  between  the  two  eyes,  and  at 
a  distance  from  them  of  some  metres.  Suppose  that  the  left  eye  (L. 
Fig.  345  A)  fixes  correctly,  while  the  right  eye,  Ä,  squints  inward.  We 
ihiiw  mark  by  an  ink  dot  upon  the  border  of  the  lower  lid  the  position 
of  the  external  margin  of  the  cornea  in  both  eyes  (w^  and  «).  We  next 
cover  the  left  eye,  which  is  doing  the  fixation,  with  a  screen,  S  (Fig. 
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345  B),  at  the  same  time  telling  the  patient  to  try  to  find  the  olijeet 

again.  He  does  so  by  now  using  the  right  eye  for  fixatiofi.  and  for  this 
purpfj^je  brings  it  into  the  correct  position  (Ä,  Fig.  345  B)  by  a  distinctly 
visible  movement  of  redress.  We  now  once  more  uaark  the  position  of 
the  outer  margin  of  the  cornea  of  thl«  eye  by  a  dot,  m,  upon  the  lower 
lid;  the  iJistant'e,  m  s,  tlien  gives  the  linear  measure  for  the  deviation 
of  the  sriuinting  eye — that  is,  gives  the  //r/wan/  strabisfnic  deviation. 
As  the  right  eye  is  being  brought  into  the  position  of  fixation,  the 
left  eye  moves  inward  behind  the  screen  (L,  Fig.  345  B);  it  is  now  in 
a  position  of  secondttrtf  deriation.  We  may  note  the  position  of  the 
outer  iiutrgin  of  the  cornea  behind  the  screen  by  means  of  the  point  s^, 
and  thus  hnd  the  magnitode  of  the  secondary  deviation,  s^  m^.  It  is 
[usually]  equal  to  the  prin^ary  deviation — a  fact  which  constitutes  a 
further  point  of  difference  between  a  concomitant  and  a  paralytic 
squint  since  in  the  latter  the  secondary  deviation  is  larger  than  the 
primary  (page  704). 
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Fit».  346. — MEAsrWEMFXT  or  aTiuiBisMtc  Deviation» 
At  prioyUT  Strabi»raie  pHiKition;    H.  speconiiury  f>o«ition. 


As  a  result  of  one  of  the  eyes'  being  in  an  incorrect  position,  a  man 
with  squint  should  see  douljle.  But  this  is  really  the  case  only  at  the 
commencement  of  strabismus.  The  diplopia  soon  disappears,  and  after- 
ward can  be  evoked  only  by  the  use  i.*f  all  sorts  of  artifices,  or  can  not 
be  evoked  at  all.  This,  too,  is  a  feature  distinguishing  strabismus  from 
paralysis,  in  which  the  diplopia  is  such  an  annoying  symptom.  A 
man  with  strabismus  fails  to  see  double,  because  he  learns  to  with- 
draw his  attention  from  the  impression  conveyed  by  tlie  squinting  eye; 
he  "excludes''  the  image  with  this  eye.  The  act  of  txclusion  is  a  psy- 
chical act;  the  squinting  eye  really  does  see,  but  the  visual  percep- 
tions set  up  l>y  it  do  not  excite  attention — just  as  many  men  are  able 
in  looking  through  a  microscope  or  telescope  with  one  eye»  to  leave  the 
other  opeiu  and  yet  not  see  with  it.  As  a  result  of  this  act  of  exclu- 
sion, a  man  with  squint  has  mere  monocular  vision ;  he  does  not^ 
therefore,  have  stereoscopic  sight  in  the  proper  sense  of  the  word. 

The  nsual  acuiiif  of  the  squinting  eye  is  diminished  as  compared 
with  the  other  or  sound  eye  [except  in  alternating  squint].  In  man}^  cases 
probably  a  certain  degree  of  enfeeblement  of  sight  exists  even  before  the 
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inception  of  the  strabismus,  and,  in  fact,  constitutes  one  of  the  reasons 
for  the  development  of  the  latter.  The  enfeeblement  of  sight,  however, 
becomes  greater  and  greater  the  longer  the  strabismus  lasts,  since  an 
amblyopia  ex  anopsia  develops  on  account  of  the  exclusion  of  the  eye 
from  the  act  of  vision  (see  page  597).  This  amblyopia  finally  reaches 
such  a  pitch  that  reading  becomes  impossible,  and  the  sight  may  even 
be  reduced  to  the  ability  to  count  fingers  at  a  short  distance.  Such  an 
eye  has  unlearned  its  ability  to  perform  fixation;  when  the  sound  eye 
is  covered  the  squinting  eye  remains  rigidly  fixed  in  its  false  position 
[or  wanders  uncertainly]  or  may  actually  squint  more  strongly  than 
before. 

We  distinguish  between  inward  and  outward  squint  (strabismus 
convergens  and  divergens).  Either  the  same  eye  squints  all  the  time 
{strabismus  unilateralis) ,  or  the  two  eyes  squint  alternately  (strabis- 
mus aUernans).  One  eye  or  the  other,  however,  always  fixes;  it  never 
happens  that  both  eyes  squint  at  once,  as  the  laity  often  believe.  The 
squint  may  be  present  at  intervals  only,  or  all  the  time  (periodic  and 
constant  strabismus). 

Etiolofi^y. — A  manifest  squint  develops  from  one  that  is  latent 
(page  728).  In  the  latter  the  disturbance  of  equilibrium  is  not  evi- 
dent because  the  patient  working  in  the  interest  of  single  vision,  has 
made  an  effort  to  keep  his  eye  in  the  proper  position  in  spite  of  the 
disturbance.  All  those  circumstances  that  diminish  the  value  of  binocu- 
lar single  vision — that  is,  render  double  vision  less  unpleasant — are 
capable  of  making  a  latent  disturbance  of  equilibrium  manifest.  This 
is  accomplished,  in  the  experiment  which  is  made  for  demonstrating 
the  presence  of  a  latent  disturbance  of  equilibrium,  by  covering  one 
eye  (see  page  726);  but  in  the  natural  development  of  strabismus  it 
is  accomplished  by  a  reduction  of  the  visual  acuity  of  one  eye.  Owing 
to  this  reduction  the  retinal  image  of  this  eye  becomes  less  distinct, 
and  hence  diplopia  becomes  less  troublesome.  Thus,  we  see  a  man  who 
has  hitherto  had  simply  a  latent  disturbance  of  equilibrium  become 
the  subject  of  a  manifest  strabismus  when  corneal  opacities  are  left  as 
the  result  of  a  keratitis  in  one  eye.  The  most  frequent  causes  leading 
to  strabismus  through  reduction  of  the  visual  acuity  are:  1.  Errors 
of  refraction  which  are  present  in  one  eye  alone,  or  to  a  higher  degree 
in  it  than  in  the  other.  In  conjunction  with  such  an  error  of  refraction 
there  frequently  exits  a  congenital  amblyopia.  2.  Opacities  in  the 
refracting  media,  particularly  the  cornea  and  the  lens.  3.  Intra-ocular 
diseases. 

Perfectly  blind  eyes  are  very  apt  to  become  subject  to  strabismus. 

Strabismus  is  therefore  the  result  of  the  combined  action  of  two 
factors — diminution  of  the  visual  power  of  one  of  the  eyes,  and  a  pre- 
(fxiHting  disturbance  of  the  muscular  equilibrium.  According  as  the 
latt€;r  factor  consists  in  a  latent  convergence  or  divergence,  a  conver- 
K(;nt  or  a  divergent  squint  is  produced.    [See  pages  752,  755,  766,  758.] 
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128.  (a)  Strabismus  Conv€rg€ns.--Tliis  occurs  especially  in  hyper- 
nietropes,  hypermetropia  being  found  in  about  thret*  fourths  of  all 
cases  of  convergent  squint.  Donders  was  the  first  to  determine  this 
fact,  and  he  explains  it  in  the  following  way-  Hyjier  metro  pes  have  to 
make  an  unusually  strong  effort  of  accommodation  to  see  distinctly; 
but  as  this  effort ^  on  account  of  the  connection  between  accommoda- 
tion and  convergence,  is  possible  only  when  combined  with  a  strong 
impulse  toward  convergence,  the  latter  function  acquires  a  preponder- 
ance and  a  latent  convergence  [esophoria]  develops.  From  tins  in  turn 
a  squint  develops,  if  there  are  additional  factors  present  that  act  to  re- 
duce the  visual  power  of  one  eye;  as,  for  example,  when  one  of  the  eyes 
is  weaker  from  birth  (as  may;  for  instancCt  occur  from  its  having  a 
higher  degree  of  hypermetropia  or  of  hypermetropic  astigmatism  than 
the  other),  or  when  it  suffers  an  impairment  of  its  sight  because  of  dis- 
ease developing  after  birth.  Among  the  affections  which  particularly 
t^nd  to  produce  the  latter  effect  is  conjunctivitis  ecKematosa,  which 
leads  to  strabismus  through  the  opacities  of  the  cornea  that  it  leaves 
behind  it.  Again,  it  sometimes  happens  that  when  we  are  compelled  to 
keep  the  eye  of  a  hypermetropic  child  bandaged  for  a  long  time,  the 
eye  beneath  the  bandage  gets  into  a  state  of  convergent  squint,  which 
may  actually  remain  permanent. 

It  is  easy  to  understand  how  the  reductinn  in  the  visual  acuity  of 
one  eye  brings  about  the  transformation  of  latent  into  manifest  squint. 
The  by  per  metro  pe,  in  fact,  is  placed  in  the  following  dilemma:  If  he 
wishes  to  see  distinctly,  he  has  to  make  too  strong  an  effort  of  accom- 
modation: but  he  can  do  this  only  with  the  aid  of  an  excessive  conver- 
gence, so  that  he  sees  double.  But  if  he  converges  only  as  much  as  is 
necessary,  he  can  not  bring  the  proper  amount  of  accommodation  into 
play,  and  hence  sees  indistinctly.  He  is,  therefore,  given  the  choice  of 
either  seeing  *listinctly  and  doul)Ie.  or  of  seeing  single  and  indistinctly. 
He  [)refers  the  former  alternative  whenever,  from  the  fact  that  the 
image  in  one  of  the  eyes  has  grown  indistinct,  diplopia  is  made  less  disa- 
greeable to  him.     [See  also  page  758.1 

Convergent  stral>isnius  develops,  as  a  rule,  at  the  age — i,  e.»  lietween 
one  and  four — w^hen  the  attempt  at  accurate  and  long-maintained  fixation 
l>egins  and  thus  jiuts  a  greater  strain  on  the  accommodation;  i.  e.,  at 
fixst  usually  tlie  strabismus  is  noticed  only  when  near  objects  are  looked 
at  (periodic  squint).  This  may  remain  so  during  life,  but  generally  a 
constant  strabismus  develops  from  the  periodic  one,  the  patient  soon 
getting  to  squint  also  w^hen  he  looks  at  distant  objects,  Even  then  the 
squint  at  first  is  usually  greater  in  tlie  fixation  of  near  objects,  in  accordance 
with  the  greater  accommodative  effort  required  for  this  purpose;  l)ut 
later  on  tlie  strabismic  deviation  becomes  constant.     [See  page  752,) 

Except ionrdly  it  happens  that  a^  they  grow  up  children  with  stra- 
bismus gradually  cease  squinting  about  puberty.  They  "outgrow** 
their  squint.     But  the  eye  thai  previously  deviated  is  left  with  its  sight 
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permanently  weakened,  and   accurate   binocular   vision   is    not    usually 
restored. 

(6)  Strabismus  Divergens. — In  this,  myopia  plays  the  same  part  that 
hypermetropia  does  in  convergent  strabismus.  About  two  thirds  of  all 
persons  with  divergent  squint  are  myopic.  The  cause  is  as  follows: 
The  myope,  to  see  objects  near  by,  needs  to  use,  according  to  the  degree 
of  his  myopia,  either  little  or  no  accommodation;  consequently  the  im- 
pulse for  convergence  is  too  weak.  To  this  functional  weakness  are 
added  organic  causes  which  diminish  the  functional  capacity  of  the  in- 
terni,  such  as  the  increased  dimensions  of  the  myopic  eye,  which  offer  a 
mechanical  impediment  to  convergence.  For  these  reasons  myopes  are 
particularly  liable  to  divergent  strabismus,  especially  if  one  of  the  eyes 
has  less  visual  power  than  the  other.  Since  small  children  are  not  myopic, 
divergent  strabismus,  unlike  convergent  strabismus,  does  not  [usually] 
develop  during  childhood,  but  later  on,  during  youth,  when  myopia  it^lf 
originates.  As  the  myopia  increases,  the  work  imposed  on  the  accom- 
modation and  consequently  the  impulse  for  convergence  steadily  decrease, 
while  the  demands  made  upon  the  convergence  increase  in  proportion, 
owing  to  the  approximation  of  the  near  point.  This  state  of  things  must 
ultimately  lead  to  a  point  where  the  convergence  is  no  longer  able 
to  answer  the  demands  made  upon  it.  The  convergence  first  becomes 
incompetent  in  the  fixation  of  near  objects,  for  which  a  stronger  effort  is 
required,  and  thus  one  of  the  eyes  deviates  out.  Many  myopes  remain 
all  their  life  in  this  condition  of  periodic  strabismus;  in  others  a  constant 
strabismus  develops  from  this  condition,  one  eye  getting  to  deviate  out  in 
looking  at  distant  points  as  well.     [See  page  755.] 

A  spontaneous  cure,  such  as  is  sometimes  observed  in  inward 
squint,  never  occurs  in  divergent  strabismus;  on  the  contrary,  it  tends 
to  increase  with  age. 

In  the  highest  degrees  of  myopia  the  development  of  a  periodic 
strabismus  divergens  is  inevitable.  In  these  cases  the  far  point  is  ap- 
proximated to  a  distance  of  10  cm.  or  less;  and  reading,  writing,  etc., 
must  be  carried  on  at  this  short  range.  Now,  even  the  strongest  intemi 
are  unable  to  maintain  continuously  such  a  convergence  as  this;  hence,  in 
accurate  inspection  of  objects  near  by,  one  eye  always  deviates  out,  even 
though  the  eyes  have  a  correct  position  for  great  or  medium  distances. 

Strabismus  convergens  and  divergens  are  distinguished  not  only 
by  the  direction  of  the  deviation  but  also  and  mainly  by  the  under- 
lying condition  in  the  muscle.  In  both  cases  this  condition  involves 
the  internal  rectus.  Strabismus  convergens  consists  in  an  excessive 
contraction  of  this  muscle  due  to  abnormally  great  innervation.  Hence 
in  cases  that  are  not  too  old  the  squint  disappears  in  sleep  and  in  nar- 
cosis (Stell wag).  But  later  the  continuously  contracted  muscle  becomes 
permanently  shortened,  and  this  contracture  persists  even  after  death. 
In  strabismus  divergens  it  is  not  a  case  of  excessive  contraction  of  a  mus- 
cle— a  contraction  which  would  have  to  affect  the  external  rectus — but, 
on  the  contrary,  a  case  of  a  steadily  increasing  relaxation  of  the  internal 
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rectus,  [But  not  a  few  cases  of  divergent  squint  are  due  to  an  active 
divergenecM^xcess,  and  not  to  a  relaxation  of  the  internal  rectus«  In  these, 
particularly  when  the  squint  is  present  for  distance  only,  the  internal 
rectus  may  still  have  nearly  it^^  noniial  vigor.     See  page  755. — D.l 

Treatment. — In  strabisniUH  convergens  non-operative  treatment  is 
first  to  be  tried  m  suitable  cases.  In  children  who  are  still  too  small  to 
wear  glasses  (from  the  age  of  tliree  to  four)-"'  we  confine  ourselves  to  pre- 
venting the  sc|uinting  eye  from  habituating  itself  to  exclusion  and  thus 
declining  more  and  more  into  a  state  of  amblyopia.  With  this  object  %ve 
force  the  squinting  eye  to  fixate  by  bandaging  the  non-squinting  eye  several 
hours  every  day.  Since  this  measure  is  often  baffled  by  the  children's 
resistance,  we  may  instead  of  it  instill  a  drop  of  atropine  into  the  sound 
eye  every  second  day,  so  that  for  near  it  does  not  sec  clearly  anil  the  child 
UBes  the  squinting  eye,  [This  measure  does  not  succeed  if  the  squinting 
eye  is  ver>^  amblyopic  alreatly,  in  wliieh  case  bandaging  of  the  soynd  eye 
must  be  resorted  to,  Atropinization  of  the  sound  eye,  if  it  straightens 
the  squinting  eye,  makes  tlie  sound  eye  squint,  and  if  kept  up  too  long  can 
make  the  sound  eye  amblyopic. — D.\  When  the  child  has  come  to  the 
age  wjjen  he  can  wear  glasses,  these  shonld  be  preserilKHl.  The  design 
here  is  by  removing  the  excessive  accommodatitm,  which  is  the  main  cause 
of  the  inward  squint,  to  make  the  latter  itself  disappear,  provided  it  is  not 
already  tcjo  deeply  implanted.  We  l>e^n  accoriUngly  by  paralyzing  the 
accommodation  completely  liy  the  repeated  instillation  of  atropine,  and 
then  determine  the  precise  degree  of  hypermetropia  (total  hypennetropia, 
§  Hi]),  Upon  the  basis  of  this  determination  we  order  convex  glasses 
which  completely  correct  the  hypermetropia,  and  winch  the  patient  is  to 
wear  continuously  from  that  time  on.  Considering  that  atropine  abolishes 
the  t4:>ne  of  the  ciliary  muscle,  convex  glasses  should  be  selecterl  that  are 
0,5-LO  D  weaker  than  those  representing  the  hypermetropia  found  under 
atropine;  otherwise  they  w^ould  be  too  strong  and  \vould  not  be  tolerated 
w^hen  the  tone  of  tlio  muscle  had  returned  after  the  atropine  was  discon- 
tinued. [Yet  in  most  cases,  especially  in  young  children,  the  full  cor- 
rection, with  a  deduction  of  0.25  D  at  most,  is  reailily  accepted,  and, 
moreover,  unless  this  full  correction  is  prescribed  the  desired  result  often 
is  not  attained,— D, I  If  the  wearing  of  glasses  is  to  accomplish  its  object, 
it  must  be  kept  up  rigorously  and  for  years.  Special  care  is  to  be  taken 
tliat  the  child  is  not  without  his  glasses  for  a  single  day,  as  might,  for  ex- 
ample, happen  when  tliey  were  sent  to  the  repair-shop.  During  this  time 
part  of  the  hypermetropia  would  at  once  be  rendereM:!  latent  by  the  accom- 
modation, so  that  now  the  glasses  would  be  rejected  as  too  strong,  and 
renewed  treatment  with  atropine  would  lie  required.  Hence  a  reserve 
pair  of  glasses  should  ahvays  he  on  hand.  Even  after  the  squint  has 
been  relieved,  the  convex  glas.ses  must  be  worn  eithec  all  the  time  or  at 
least  for  near  work,  in  order  that  the  patient  may  not  relapse  into  sfjuint. 


''[An  WortU  hiiB  ihown,  jiliiwei  mny  be  uaed  at  Iho  ace  of  1  t>r  2, and  Fusion  tratnioK  with  tb« 
miziblyoacope  at  bclweea  3  and  4.^ — D,\ 
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Treatment  with  glasses  must  be  reinforced  by  excluding  the  fixing  jye  from 
vision  several  times  a  day  for  at  least  an  hour  at  a  time  by  spectacles 
which  have  a  black  plate  for  the  non-squinting  and  the  correcting  glaas 
for  the  squinting  eye.  The  squinting  eye  is  thus  practised  in  performing 
fixation  once  more  and  by  this  means  also  is  preserved  from  further  loss  of 
sight.  [A  still  better  way  of  effecting  both  objects  is  to  keep  the  non- 
squinting  eye  under  atropine  for  a  number  of  weeks  in  succession.  See 
page  735.— D.] 

Moreover,  in  order  to  restore  binocular  vision  exercises  with  the 
stereoscope  are  indicated.  Besides  the  ordinary  stereoscopic  photographs 
we  use  pictures  which  are  specially  designed  for  squinters.  In  these  each 
of  the  two  stereoscopic  pictures  contains  certain  parts  which  are  absent  in 
the  other,  so  that  only  by  fusion  of  the  two  can  a  complete  picture  be  pro- 
duced.   [Still  better  for  this  purpose  is  the  amblyoscope.    See  Fig.  349. — D.l 

For  treatment  with  glasses  those  cases  promise  the  best  result  in  which 
the  squint  is  still  periodic,  i.  e.,  the  squinting  eye  is  not  yet  finally  excluded 
from  the  act  of  binocular  vision.  In  cases  in  which  the  squint  has  already 
become  constant,  often  no  cure  is  obtained,  but  improvement  at  least  is 
secured,  since  the  amount  of  squint  is  diminished.  Unsuited  for  treatment 
by  glasses  are  cases  of  squint  in  older  people  and  cases  in  which  there  is 
no  appreciable  amount  of  hypermetropia  that  we  can  correct. 

Operative  treatment  is  indicated  when  in  spite  of  constant  use  erf 
glasses  no  further  diminution  in  the  squint  occurs.  Since  strabismus  in 
some  cases,  though  rarely,  disappears  of  itself  as  the  children  become  older, 
it  is  best  to  delay  operation  until  the  child  has  passed  the  age  of  ten;  for, 
if  we  should  perform  early  tenotomy  in  a  case  which  tends  to  get  well 
spontaneously,  a  divergent  strabismus  would  subsequently  set  in.  [This 
transformation  of  a  convergent  into  a  divergent  squint  may  occur  spon- 
taneously. As  a  sequel  of  a  squint  operation  it  is  comparatively  rare;  if 
it  does  occur,  it  can  in  almost  every  case  be  remedied  by  advancement; 
and  since  the  earlier  an  operation  is  done  the  better  chance  there  is 
for  restoring  binocular  vision  and  retaining  good  sight  in  the  squinting 
eye,  it  seems  unwise  to  wait  so  long  before  operating.  In  fact,  as  soon  as 
optical  treatment  and  fusion  training  have  proved  nugatory  in  any  case 
after  thorough  trial  extending  over  a  year  or  more,  we  should  not  hesitate 
to  operate  at  any  age.    See  also  pages  752  and  761. — D.] 

In  older  cases  of  squint,  as  soon  as  treatment  with  glasses  no  longer 
holds  any  prospect  of  success,  we  can  proceed  to  operate  at  once.  After 
the  operation  we  make  the  patient  wear  the  proper  glasses. 

The  operation  consists  in  an  advancement  of  the  external  rectus. 
In  the  lowest  degrees  of  squint  this  alone  is  sufiicient.  In  a  squint  of 
higher  degree,  advancement  must  be  done  on  both  eyes  or  must  be  com- 
bined with  tenotomy  of  the  internal  rectus.    See  §  165  [and  page  761]. 

Divergent  strabismus  can  be  cured  only  by  operation.^'     Recent  cases 


^MThe  translator,  however,  has  seen  an  almost  complete  cure  eflFected  by  the  use  of  the  pitMper 
ve  Klasses  in  a  constant  unilateral  divergent  squint  in  which  the  deviation  was  fully  5  mm. — D.I 
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in  which  the  strabisinus  is  still  periodic  hold  out  the  best  chance  of 
sueceisH.  In  divergent  squint  advancement  of  the  internal  rectus  with 
siinultaneoUH  tenotomy  of  the  external  rectus  is  required,  and  the  oi>er- 
ation  niuät  ljt*  done  quite  freely — i.e.,  a  primary  over-correction  must  be 
sfTured — if  we  do  not  wish  to  get  a  recurrence  of  the  squint.  [If  the 
near  point  of  convergence  is  not  very  remote,  showing  that  the  con- 
verging power  is  still  gtwd,  and  particularly  if  the  deviation  is  more 
marked  for  distance  than  for  near,  tenotomy  of  the  external  rectus  \iathout 
advancement  of  the  internal  rectus  often  produces  a  satisfactory  result. 
8ee  page  261.— D,l 

The  result  obtained  by  the  operation  is,  as  a  rule,  simply  cosmetic. 
The  sight  of  the  squinting  eye  is  not  iofluenct*d  by  the  operation, 
ami  in  only  a  few  instances  is  even  binocular  vision  restored.  Never- 
theless, the  results  that  we  secure  by  operation  are  not  to  be  undervalued. 
A  man  with  squint  scarcely  ever  complains  of  the  bad  sight  in  his  squint- 
ing eye»  or  of  the  absence  of  binocular  vision;  he  is  ordinarily  unaware 
of  the  existence  of  either.  He  only  desires  relief  from  his  disfigurement, 
and  is  very  grateful  if  this  is  accorded  him. 

The  laity  are  accustomed  to  attribute  strabisnius  to  improper  placing  of  the  cradlt? 
with  rebtion  to  the  light,  or  to  the  faft  that  objef!ta  placet!  wpon  one  side  of  the  child 
exfite  his  attention  and  caiLse  him  to  look  t^  that  side;  or,  very  often,  the  child  ia  charged 
with  imitnting  another  that  squint«.  But  none  of  these  things  has  anything  to  do  with 
the  origin  of  strabismus.  The  strabismus  which  \n  so  often  observed  in  quite  smait 
children  (Ix^low  the  a^*'  of  two)  and  which  generally  pa^sae«  off  quickly,  is  founded  on 
the  fact  that  suvh  children  have  not  yet  learned  perfectly  to  exert  the  precise  amount 
of  convergence  requiretJ  for  correct  binocuhir  viiiion.  Thirf  variety  of  strabiamua  dis- 
appears of  itself  with  advancing  yeATS,  Permanent  strabismus  convergeoj  develops 
somewhat  hitt-r,  after  the  age  of  two,  and  lis  true  cauÄt*  is  that  dLscovereil  by  Bonders.  It 
depend»,  us  lias  been  set  forth  more  in  detail  above,  on  the  connection  between  accom- 
modation and  I'onviTgenre.  In  what  way  this  leads  to  strabismus  is  very  beautifully 
demonstrated  by  the  following  expc^rimc^nt  iikcwiäe  profxiuntled  by  Dondv-rs:  We  cause 
a  man  who  ha^i  perfect  mUi?ctiiar  equilibrium  of  the  eyes  to  fixate  a  near  object.  If, 
now,  we  cover  one  eye,  it  ri*m:uns  üxed  in  the  correct  position  behind  the  screen.  But 
if  we  place  a  ixHK'avc  glass  before  the  uncovered  eye,  so  that  the  person  under  exami- 
nation has  to  accommodate  quite  strongly  in  order  to  see  the  object  distinctly,  the 
covered  eye  at  once  turns  inward — i.e.,  an  artificial  convergent  strabiaaiua  is  thus  pro- 
duced, owing  to  the  intreasc^d  effort  of  aceomincxiation. 

In  stTalnJimiis  alternans  both  eyes  often  have  good  sight,  but  unequal  refracUoQ. 
If,  for  instance,  one  eye  ls  far-sighted  and  the  other  near-sighted,  the  former  sees  clearly 
at  a  distance,  the  other  «ear  by,  but  both  eyes  csan  never  see  distinctly  at  once.  In 
this  Ciise  the  far-sighted  eye  will  fixate  in  looking  at  a  distance,  the  near-aighted  eye 
when  looking  near  by*  antj  in  either  event  the  eye  not  used  squints;  the  unage  in  this 
eye  not  bring  distinct,  it-s  suppression  is  readily  accomplished.  Alternating  strabismus 
[of  this  sort]  is  usually  divergent,  rarely  convergent.  Another  kind  of  alternating  squint 
is  found  exclusively  in  strabismus  convergena.  It  consists  in  each  eye's  being  used  for 
that  half  of  the  common  üM  of  fixation  which  is  on  the  opposite  side  from  it.  An 
object  which  is  carrietl  from  the  patient's  left  to  his  right  in  front  of  the  eyes  is  firat 
fixed  by  the  right  eye,  while  the  left  eye  squints  past  the  object  to  the  right,  but  as  soon 
as  the  object  has  passet!  to  the  right  of  the  middle  hne,  the  left  eye,  by  a  movement 
of  both  eyes  back  to  the  left,  takes  up  the  work  of  following  the  object  the  rc^t  of  the 
way.    Thus  each  eye  avoids  the  necegsity  of  making  a  strong  movement  of  abduction.. 

[The  third  and  commonest  kind  of  alternating  squint  is  that  in  which  the  patient, 
sighting  an  object  straight  ahead  of  hiru,  and  either  far  or  near,  &xoa  with  either  eye 
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beginning  of  strabianius  there  is  diphpia  quite  as  much  as  there  \s  in  poxalysts  of  an 
ocular  muscle.  But  since  in  convergent  strabismua  the  development  of  aqumt  taken 
place  in  childhood,  we  hear  ootiiing  about  diplopia,  and  by  the  time  that  the  children 
are  old  enough  to  give  a  trust wortliy  account,  they  have  already  learned  to  perform 
exclusion.  Then  diplopia  can  usually  be  protluced  only  by  artificial  means — e.  g»,  by 
putting  colored  glasses  before  the  eye  or  by  prisms  through  which  the  image  in  the 
squinting  eye  is  brought  nearer  to  the  fovea  centralis.  But  when  the  squint  does  oot 
develop  until  bt4?r  in  life,  as  is  the  exception  in  convt*rgent,  but  the  rule  in  divergent 
strabismus,  diplopia  is  then  one  of  the  regular  symptomi^.  Sometimes  it  is  so  disagree- 
able  as  to  furnish  the  main  reason  for  the  patient's  visit  to  the  physician. 

While  ordinarily  no  diplopia  exists  in  old  cases  of  strabismus,  it  is  just  in  those 
cuBes  that  it  is  very  apt  to  develop  after  tenotofby.  This  is  account e«l  for  as  follows: 
The  proceas  of  oxc!u«ion  affects  nr>t  only  the  squinting  eye,  but  also  in  part  the  one 
that  does  not  squint.  In  the  squinting  eye,  as  long  ns  the  eye  was  squinting  inward, 
the  image  of  the  object  that  the  other  eye  is  gaiiug  at  falls  on  the  portions  of  the  retina 
«Jtuateil  to  the  inner  side  of  the  fovea  (Fig.  308  A).  This  region  of  the  retina  had  ac- 
eortJinRly  accuHtometi  its<^lf  to  abstract  its  attention  from  the  impressions  received. 
But  this  is  not  the  case  with  the  fovea  of  this  eye,  which  does  perceive  the  images  falling 
on  if ;  while,  on  the  other  hand,  thf^  latter  images  are  excluded  by  the  corresponding 
portion  of  the  retina  (lying  to  the  inner  side  of  the  fovea)  in  the  sound  eye.  Tliis  con- 
tlition  of  tilings  we  call  regional  e.\clusion.  If,  now»  after  tenotomy  the  eyes  stand  nearly 
or  quite  in  the  pro|x»r  position,  the  image  of  the  object  of  fixation  falls  in  both  eyes  on 
the  fovea  or  it.s  vicinity — that  is,  on  portions  of  the  retina  wliich  have  not  been  exercised 
in  exclusion.  Heace  the  patient  complains  of  diplopia.  In  this  case  the  diplopia  fre- 
quently do**a  not  correspond  to  the  relative  position  of  tlie  eyes.  Then»  may,  for  in- 
stance, still  be  a  slight  degree  of  jiathological  convergence,  and  yet  the  d(>uble  images 
may  be  crtjsserl»  as  if  the  visual  lines  of  the  two  eyes  diverged  {pamdoxical  double  iffiaje^). 
The  explanation  for  this  phenoraenoii  is  that  the  squinting  eye  has  gradually  learned 
to  project  its  images  exteriorly  in  accordanctr  with  its  own  faulty  position.  Just  as  in 
the  sound  eye  the  stiu-ting  f)öint  for  orientation  is  the  fovea,  in  the  squinting  eye  the 
»starting  point  is  that  partr  of  the  retina,  lying  to  the  nasal  aide  of  the  fovea,  upon  which 
fall  the  images  of  the  objects  that  the  sound  eye  gazes  at  directly;  i.  e.,  it  is  the  spot 
which,  when  the  eye  was  in  a  squinting  position,  was  identical  with  the  fovea  of  the 
other  eye.  If,  then,  the  8t|uiuting  eye  is  suddenly  brought  Ijack  to  the  correct  position, 
(his  iKjrtiou  of  its  retina,  that  thus  formerly  eorn^iKuidcd  to  the  fovea  of  the  otlwrr  eye, 
is  curried  still  further  inward,  a;?  in  other  cases  the  actual  fovea  is  carried  in  divergence 
of  the  eyes,  und  now  the  eye  prtijects  erroneously,  just  as  it  doi'^  in  a  fuist»  of  divergence 
due  to  pruTilysis  (page  705 J,  IThis  explanation  doess  not  hold  for  jiJl  cases^^DJ  The 
diplopia  following  a  squint  operation  a-i  a  general  thin?  soi>a  disappears,  but  in  very 
rare  cases  it  obstinat ely  jwrsists  and  becomes  extremely  t'roubli^some  to  the  patient. 
IFaradoxical  diyilopia  may  occur  in  st|uitit  without  ojierution, — DJ 

If  a  man  witli  s(]uint  dot^  see  with  both  eyes,  he  still  resembles  a  one-eyed  man 
in  this»  that  like  him  he  has  no  perception  of  depth  and  tw  dcrvOHCopic  niHion.  [To  this 
rule  there  are  many  except  ion«. — DJ  Those  who  squint  do  not  notion*  this  defetl  thcra- 
aelves,  because  they  have  learned  by  practice  to  fr^rm  from  attendant  circumstances 
eofidusions  as  to  dimensions  of  rlepth,  even  though  they  do  not  apprei-iat«*  them  directly, 
and  hence,  so  far  as  perc(^p>tion  of  cieplh  in  concerned,  are  not  inferior  to  persons  who 
have  binocular  vij^ion.  To  show  that  the  perception  of  depth  in  those  who  squint  is 
nevertheless  inferior  to  that  of  people  with  binocular  vision,  requires  pretty  refined 
tests,  such  as  examination  with  the  stereos(*ope  or  by  means  of  Hering'8  test  with  falling 
bodies  (see  page  7l)t>),  Moreover,  the  vision  of  those  who  squint  is  distinguished  from 
that  of  one-eywl  pt'oph»  by  the  greater  extent  of  thf*  fuM  of  idaion.  The  field  of  vision 
of  one-eyed  persons  as  compared  with  the*  nortmd  field  of  binocular  virion  in  limited 
toward  the  nasal  side.  In  default  of  the  right  eye,  for  example,  the  field  of  vision  repre- 
sented in  Fig.  272  would  be  minus  the  shaded  jHirtion,  R,  upon  the  right  side.  But  this 
would  not  be  the  case  with  one  who  miuints  wit  h  his  right  eye.  The  exclusion  t>f  the 
right  eye  from  the  visual  act  is  done  only  to  avoid  diplopia,  and  hence  is  limited  to 
those  objects  which  throw  their  images  in  both  eyes  at  once-^that  is,  to  those  which 
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are  found  in  the  portion  of  the  visual  field  common  to  both  eyes  (the  portion  left  white 
in  Fig.  272).  The  case  is  otherwise  when  the  object  passes  into  the  temxx>raJ  portion 
of  the  visual  field  of  the  squinting  eye  (into  the  right  shaded  portion  in  Fig.  272),  where 
it  can  no  longer  be  seen  by  the  other  eye  because  hidden  from  it  by  the  nose.  Then 
the  image  of  the  object  is  not  suppressed  by  the  squinting  eye.  Hence,  the  field  of  bin- 
ocular vision  of  a  man  with  squint  is  about  as  large  as  that  of  a  normal  man.*' 

n  The  temporally  situated  portion  of  the  visual 

field,  for  which  there  is  no  suppression  of  the  images, 
corresponds  to  the  innermost  portions  of  the  retina 
of  the  squinting  eye.  This,  therefore,  remains  in 
constant  practice  and  retains  relatively  good  sight, 
while  the  sight  in  the  other  portions  of  the  retina 
keeps  falling  off  more  and  more.  Hence,  in  old 
cases  of  squint,  we  find  on  covering  the  healthy 
eye  that  the  squinting  eye  no  longer  fixates,  but, 
on  the  contrary,  turns  even  more  strongly  in,  so  as 
to  direct  toward  the  object  the  innermost  section 
of  the  retina  with  which,  relatively  speaking,  it  sees 
best. 

Measurement  of  the  strabismic  deviation  in  the 
way  given  on  page  730  is  possible  only  in  case  the 
squinting  eye  still  makes  the  proper  adjustment  for 
fixation  when  the  other  eye  is  covered.  If  this  is 
not  the  case,  we  must  proceed  by  determining  the 
distance,  qm,,  in  the  healthy  eye  (L,  Fig.  345  A)  and 
the  distance,  c  s,  in  the  squinting  eye  (R)  when  the 
gaze  is  directed  straight  forward.  The  dififerenoe 
between  the  two  gives  the  linear  measurement  of 
the  strabismic  deviation.  This  deviation  is,  properiy 
speaking,  an  angular  quantity,  namely,  the  angle 
(Fig.  308A)  included  between  the  visual  axis,  g.  Bind 
the  line  of  direction,  o  6,  drawn  from  the  object  to 
the  retina  through  the  nodal  point  of  the  eye.  The 
linear  measure  of  the  strabismic  deflection  can  give 
only  an  approximate  idea  of  this  angle  (1  mm.  corre- 
sponding to  about  5°  of  arc),  becavise  it  depends  not 
only  on  the  degree  of  squint  but  also  on  the  length 
of  tlie  radius,  i.  e.,  on  the  distance  between  the  sur- 
face of  the  eye  and  its  center  of  rotation.  Ihe 
linear  measure,  accordingly,  varies  with  the  siie  of 
the  eyeball.  It  is  hence  more  accurate  to  measure 
the  strabismic  angle  directly.  This  is  done  with 
the  aid  of  the  perimeter.  The  head  of  the  squint- 
ing patient  is  placed  on  the  chin  rest  of  the  peri 
meter  in  such  a  way  that  the  scjuinting  eye,  L,  occupies  the  center  of  the  perimetric  an 
PP,  which  is  set  horizontal  (Fig.  346).  Then  the  patient  is  told  to  fix  with  the  non- 
stjuinting  eye,  R^  looking  out  over  the  perimeter  arc,  a  distant  object,  (7,  which  lies  in  the 
prolongation  of  the  axis  of  the  perimeter.  If  the  other  eye,  L,  were  correctly  placed, 
its  visual  line  would  necessarily  go  also  to  G,  passing  through  the  zero  point,  o,  of  the 
perimeter  arc.  But  if  it  squints,  its  visual  line  according  as  the  case  is  one  of  internal 
or  external  strabismus,  will  go  to  one  side  or  to  the  other  of  the  zero  point.  To  meas- 
ure tlie  amount  of  this  deflection,  we  use  the  image  reflected  on  the  cornea.    We  carry 

''  A«  a  matter  of  fact  it  i»  »omewlmt  smaller  in  Htrabismus  convergens.  becau.««  owing  to  the  coo- 
yenccnt  ptMition  of  the  eye»,  the  viniial  fields  overlap  more  than  ufliial;   and  for  an  analogous  i 
in  fltrabiflinus  divergent  it  is  larger  tlian  normal. 


LR  P 

;.  34o.— Mfasurkmkxt  ok  Strab:.h- 
Mic  Angle  with  a  Perimrtkk. 


DISTURBANCES  OF  MOTILITY  OF  THE  EYE. 


741 


N 


Jl> 


a  lighted  taper,  K,  along  the  inner  surface  of  the  perimet-er  arc,  from  center  to  periph* 
cry  and  on  llie  Me  toward  wluch  the  Ri|tnnting  eye  is  d<^viftted.     At  the  mnw  time 
J  keeping  close  to  tlie  outer  .side  of  ttie  i:n'ririi*ier  »rr,  we  hiUow  the  hght  with  our  own 
L'Cye,  A,  nntil^  looking  just  over  tlie  tip  oJ  the  flame,  we  see  the  reflected  image  of  Urn 
flight  in  tho  center  of  t)ie  jmpi!.    'then  these  two  [i.  c,,  the  image  and  the  i^-nter  of  the 
pupil]  and  also  I  he  light  it»elf  und  the  physician's  eye,  all  lie  in  the  stinie  straight  line, 
wliich  \a  the  vi^^ual  hne  of  the  «(piinting  eye.    The  fM*int  on  the  grmlusited  jjerinietnc 
are  at  wlueh  »fie  candle  standi^  at  this  nii^ment  gives  the  siäc  uf  fhe  siraljJsTiiic  angle 
f  dire«  i!y.     fin  nieaHuririg  in  this  way  it  is  assmned  thut  the  visual  line  of  the  eye  passe» 
I  through  the  center  of  the  pupil,  which  is  not  quite  accurate,  so  tlmt  in  thiw  there  is 
I  found  a  slight  Hcjurce  of  error.)    [A  ^>etter  way  is  to  measure  the  strahi«mic  deflection 
I  ^  i(  h  t  he  screen  (see  pige  744),  a«  in  this  way  we  can  nieasun*  \Ih  amount  \)**l  li  for  distance 
(and  for  near,  can  nieasun^hoth  primary  and  M^condary  deviation,  and  can  measure  a 
vert  ii al  and  lateral  deviation  at  the  same  t  ime. —  I).] 
By  itieafLs  of  a  linear  measurement  or  measure- 
ment with  tlie  fKrimcter  (sex?   F^ield  of   Fixation, 
page  694)  we  can  also  mea.sure  the  latiral  rjtursuns 
of  the  sftuinting  eye.     'I  he  following  is  the  resiilt 
thius  ohtained  in  tH>nvorgcnt  strabi-simLs:    The  ad- 
duction of  the  eyeball  is  incrt^a^sc-d;   the  cornea  tan 
I«*  carried  so  far  inward  that  it«  center  get»  lo  Kc 
at  or  inside  of  the  punctmn-hae,  i.  e,,  tlie  line  con- 
necting  the  upjH-r  ami  lower  puncta.     t)n  the  other 
haiirl,   alKiuction   is   diminishcKi,   but,   in   case    ihe 
wntint   ha»  not    alrc^ady  las^ted  too  long^  not  more 
tlian  the  increase  in  adduction  amounts  to.      The 
Uital   fiide-to-sido   excursic>n    mage    luis    therefor© 
remained  thesinne,  but  the  range  in  its  entirety  has 
b»?t'n  d  is  plan 'd  somewhat  inward.     In  old  and  ex- 
treme ca.ses  of  inward  s(|UJnt  this  relation  cliangcs, 
the  abduction    being   n'duced    still    lower  without 
Ix-ing  coiii|M"nsatcd  for  by  a  corresj^xinding  increaÄO 
in  the  adductifm,  .so  that  the  total  excni-sion  range 
Is  diminished.     The  inward  displacement  of  the  lat- 
eral excursion  range  is  always  | »resent  in  both  eyes, 

all  hough  it  attains  a  higher  degree  in  the  e^'e  that  j^uintÄ.  Tim  fact  is  explained  as 
follows;  Owing  to  the  intnmsed  <lemands  nuide  ujx>n  the  accommodation,  an  exceü^ive 
impulse  is  set  free  for  llie  production  of  convergence.  As  convergence  Is  an  asßoriated 
movement  of  Iwiih  interni,  this  impulse  affects  lioth  at  once,  so  tliat,  owing  to  their 
excessive  contraction,  the  visual  axes  would  cross  in  front  of  the  object;  but  as  the 
patient  then  would  fail  lo  have  direct  vision  of  the  object  with  either  eye,  he  turns  liis 
heaii  a  little  to  one  side,  as,  is  shown  in  Fig.  'M7,  where  the  base  line,  // 1\  drawn  through 
the  two  nodal  fwiints  is  represented  as  l)eing  obliijue  t<i  the  median  line.  He  thus  gels 
the  (object  into  the  line  of  vision,  i/,  of  one  (and  that  the  lietter)  eye  iL),  while  the  line 
of  vision,  fj^,  of  the  other  eye  shoot*  off  so  much  the  farther  fmm  the  object.  Thus  the 
patient  secures  fixation  w^ith  one  eye  at  all  events^  all  hough  l>oth  interni  are  stiU 
strongly  contracted.  It  is  ovving  to  the  Uist-nameil  fact  that  tlie  inereii.se  iti  the  power 
of  adduction  develojw  in  the  courst*  of  time  in  bt>th  eyes.  By  this  fact,  too,  in 
explainetl  tlie  tMipie  jxmition  of  the  hca<l  in  those  alTected  with  <'onvergent  strabis- 
mus — such  persons  carr^'ing  the  hejid  turned  toward  the  side  of  the  healthy  eye  (Arlt). 
[For  a  different  explanation  see  page  757  and  Fig.  350.1 

In  divergent  strabismus  the  region  of  lateral  excursion  movement»  of  the  eye 
is  displaced  outward ^  The  power  of  moving  outward  Iuls  incrcHMi;»d,  that  of  moving 
inward  h:^  diminished.  Since  the  latter  diminution  is  much  greater  than  the  fonner 
increase,  the  total  capacity  of  the  eye  for  making  exrurnion  movt^ment^  is  always  con- 
8ideral>iy  decreased.    [In  squint  due  to  divergccc^-exceös  ia  often  normal» — D»] 


R 


Fiti.  347. — OaLiycK  AiTiTcr>K,  of  thä 

HrjlD  IN  A  PtlWON  ArFECTLlI  WITH 
CONVliJlOtNT  StJUINT. 
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A  knowledge  of  the  ability  of  the  squinting  eye  to  make  lateral  excureioDS  [and 
especially  the  ability  of  both  eyes  to  converge  and  diverge]  is  indispensable  as  a 
guide  in  selecting  the  method  of  operation  and  in  predicting  the  result  that  may  be  ex- 
pected. In  convergent  strabismus  section  of  the  intemi  has  the  greater  effect,  in  pro- 
portion to  the  power  with  which  the  extemus  can  draw  the  eye  over  to  its  own  side 
after  the  operation.  But  the  measure  for  the  working  capacity  of  the  extemus  is  the 
degree  to  which  the  eye  can  be  abducted.  If  the  abduction  is  greatly  diminished, 
simple  tenotomy  of  the  internus  will  afford  very  little  result,  and  it  must  hence  be  com- 
bined with  advancement  of  the  extemus.  If  the  adduction  proves  not  to  be  increased 
above  normal,  it  would  be  impaired  too  much  by  tenotomy  of  the  internus,  and  we 
must  then  abstain  from  tenotomy  and  try  to  secure  correction  of  the  squinting  position 
by  simple  advancement  of  the  extemus.  In  divergent  strabismus  owing  to  the  very 
great  diminution  in  the  power  of  adduction,  advancement  of  the  internus  is  almost  al- 
ways required,  in  addition  to  tenotomy  of  the  extemus.  [See,  however,  page  761  and  {  IßS.l 


[APPENDIX. 
Heterophoria  and  Squint. 

128  A.  Kinds  of  Deviation. — Normally  a  person  looking  with 
both  eyes  fixates  the  same  object  with  both.  If  he  does  so  under  all 
conditions-^^ven,  for  example,  when  one  eye  is  covered — he  is  said  to 
have  orthophoria.    This  is  the  ideal  or  natural  condition. 

Opposed  to  orthophoria  are — 

(A)  Heterophoria.    Both  eyes  fixate  the  same  object  when  both  are  uncovered,  but 

each  eye  will  deviate,  as  soon  as  it  is  covered. 

(B)  Squint  (strabismus,  heterotropia) .    Only  one  eye  fixates  at  a  time,  the  oilier  devi- 

ating even  when  both  eyes  are  open. 
Deviations  are  also  named  according  to  the  direction  of  the  deviating  eye.     Thus  : 
Heterophoria. — Both  eyes  fix  when  both  are  uncovered,  but  behind  screen — 

Either  eye  turns  in Esophoria 

Either  eye  turns  out Exophoria 

R.  eye  turns  up  and  L.  down  " R.  hyperplmria 

L.  eye  turns  up  and  R.  down  " L.  hyperplx>na 

SquifU. — ^When  both  eyes  are  uncovered  one  fixes  and  the  other  turns — 

In Esotropia  (convergent  squint,  strabismus  convergens),  R.  or  L." 

Out. ..  .Exotropia  (divergent  squint,  strabismus  divergens),  R.  or  L." 
Up  .  .. . Hypertropia (upward squint, strabismus sur8umvergens),R.orL." 
Down.  .Hypotropia    (downward    squint,  strabismus   deorsumvergens), 
R.  or  L.» 

Behind  screen — 

Either  eye  deviates  in Esotropia  (R.  or  L.)" 

Either  eye  deviates  out Exotropia  (R.  or  L.)" 

R.  eye  turns  up  and  L.  eye  down  •*. . .  .R.  hypertropia  or  L.  hypotropia" 
L.  eye  turns  up  and  R.  eye  down** L.  hypertropia  or  R.  hypotropia" 

Types  of  Deviations : — We  distinguish  the  following  types — 

A.  Non-^omüant  deviations ,  or  those   which   increase  in   amount 

when  the  eyes  are  carried  in  some  definite  direction  of  the  gaze  and 

particularly  when  they  are  carried  to  the  right  or  left. 

"  Id  some  anomalous  caaes  instead  of  one  eye's  ^oing  up  and  the  other  going  down,  when  screened, 
each  eye  goes  up  or  each  down  (anophoria,  catojphona). 
*>  According  to  the  eye  which  habitually  fixes. 
**  In  tome  very  rare  caaes  each  eye  goes  up  or  each  down  behind  the  screen  (anotropin«  eatotropia). 
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B.  ComUani  dePiaiionSf  which  do  not  increase  in  amount  as  the 
eyes  are  shifted  from  one  side  to  the  other»     These  include — 

1.  Periodic  deviations,  which  increase  as  the  eye«  converge  or 
diverge,  thus  Ijeing  greater  for  near  than  for  far  distance  or  \ice  versa, 

2.  Continuous  deviations»  which  are  the  same  in  amount  for  distance 
and  near. 

Etioloifica]  Classification  of  i>eviation :— A  deviation  of  the  eyes 
may  be  caused  by— 

A.  An  anomaly  of  structure,  insertion,  or  innervation  of  one  or 
more  of  the  ocular  muscles  (muscular  paralysis  and  spasm,  using  these 
terms  in  their  widest  sense). 

B.  Anomalies  of  the  co-ordinüic  movernciiU  of  Ihe  eyes  (the  muscles 
per  se  being  normal).    These  include — 

1,  Anomalies  of  convergence  and  divergence^  either  in  the  sense  of 
excess  or  insufficiency, 

2,  Anomalies  of  parallel  movements  comprising  conjugate  paralysis 
and  spasm  (see  §  129  A)  and  nystagmus  (see  §  129  and  §  129  B). 

lis  B.— 'Tests: — Our  main  tests  and  what  they  show  us  are  as 
follows: 

/,  Tests  of  inonocular  fixation,  showing  whether  each  eye  by  itself 
can  perform  fixation- — (1)  Fixation  test. 

IL  Tests  of  binocular  fixation  showing  whether  the  eyes  alw^ays 
or  usually  perform  binocular  fixation  or  whether  one  deviates. — (2) 
Screen  tests. 

///.  Tests  of  binocuhr  vision,  showing  whether  the  patient  haw  or 
has  not  simultaneous  vision  with  the  two  eyes,  and*  if  he  has,  whether 
he  has  binocular  single  vision,  or  else  either  diplopia  or  a  tendency  to 
diplopia,  and  how  much  tendency  he  has  to  fuse  the  double  images.— 
Comprise  mainly  (3)  parallax  test,  (4)  red  glass,  (5)  Maddox  rod,  (6) 
phorometer,  (7)  bar  reading,  (8)  stereoscope  and  amblyoscope. 

IV,  Tests  of  nwnocular  movement,  showing  whether  each  eye  by  itself 
can  move  freely  in  all  directions, — ^(9)  Determination  of  field  of  fixation. 

W  Tests  of  the  co-ordinate  movements  of  the  two  ryes  and,  particu- 
larly, of : 

(a)  Parallel  movements, — ^Determination  of  (10)  the  field  of  binoc- 
ular fixation  and  (11)  the  field  of  binocular  single  vision. 

(b)  Movements  of  convergence. — Shown  by  the  relation  between 
the  deviation  for  distance  and  that  for  near  as  measured  by  the  tests 
given  under  //  and  ///;  also  by  (12)  the  prism-convergence  and  (13) 
the  convergence  near- point. 

fc)  Movements  of  divergence.— Shown  by  the  relation  between 
the  deviation  for  distance  and  that  for  near  as  measured  by  the  tests 
given  under  //  and  ///  and  also  by  (14)  the  prism-divergence. 

The  best  (est  object  is  either  a  small  fiame  on  a  dead- black  back- 
ground or  a  black  spot  on  a  large  white  surface.  The  spot  should  be 
3  mm.  wide  for  the  distance  tests  and  1  mm.  wide  for  the  near  tests. 
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In  many  of  our  tests  we  measure  the  deviation  by  correcting  it 
with  prisms.  In  so  doing  the  apex  of  the  prism  is  always  placed  in  the 
direction  in  which  the  eye  deviates,  i.  e.,  toward  the  temple  m  exophoria 
or  divergent  squint,  toward  the  nose  in  esophoria  or  convergent. squint, 
up  before  the  right  eye  or  down  before  the  left  in  right  hyperphoria, 
and  in  the  opposite  direction  in  left  hyperphoria. 

The  tests  are  made  thus: 

1.  Fixation  Test. — We  make  the  patient  cover  one  eye  and  then 
direct  his  other  eye  sharply  at  some  well  defined  object,  like  a  pencil 
or  a  light,  held  straight  in  front  of  him.  Inspection  then  will  show, 
whether  his  fixation  is  central  or  eccentric,  or  whether,  as  in  eases  of  a 
high  grade  amblyopia,  he  cannot  fix  at  all. 

2.  Screen  Tests. — The  patient  is  directed  to  look  sharply  at  the 
test  object,  and  then  a  card  is  placed  before  the  right  eye  and  passed 
quickly  to  and  fro  from  one  eye  to  the  other. 

If  there  is  orthophoria,  neither  eye  will  deviate  when  covered,  and 
each  consequently  will  remain  steady  when  the  screen  is  removed.  If, 
however,  there  is  squint  or  heterophoriu  of  more  than  a  degree  or  two, 
each  eye  when  covered  will  deviate,  and  when  uncovered  will  turn  back 
into  the  fixing  position.  Thus,  if  there  is  either  an  esophoria  or  con- 
vergent squint  each  eye  in  turn  will  deviate  in  or  towards  the  nose 
when  covered,  and  will  swing  out  again  when  uncovered. 

The  amount  of  the  deviation  is  measured  by  placing  a  prism  before 
the  eye  (apex  in  for  esophoria  and  convergent  squint,  apex  out  for 
exophoria  and  divergent  squint,  apex  up  or  down  for  hyperphoria),  and 
increasing  the  strength  of  the  prism  until  the  screen-deviation  is  first 
abolished  and  then  converted  into  a  movement  in  the  opposite  direc- 
tion. The  first  prism  that  causes  this  over-correction,  less  2^,  repre- 
sents the  amount  of  the  deviation. 

In  paralysis,  the  prism  which  abolishes  the  movement  when  placed 
before  the  paretic  eye,  measures  the  primary  deviation;  that  which 
abolishes  the  movement  when  placed  before  the  sound  eye  measures 
the  secondary  deviation. 

Having  thus  ascertained  that  a  deviation  is  present  and  how  much 
it  is,  we  next  inquire  if  it  is  a  squint  or  a  heterophoria. 

To  determine  this,  we  make  the  patient  look  fixedly  at  the  test- 
object  wuth  both  eyes  open,  and  then  alternately  cover  and  uncover  one 
eye, — say  the  right, — leaving  the  other  all  the  time  uncovered  (method 
of  binocular  uncovering).  By  thus  covering  the  right  eye  we  compel  the 
left  eye  to  fix,  if  it  is  not  already  doing  so,  and  we  allow  the  right  eye  to 
deviate,  if  it  has  any  tendency  to  do  so  or  if  it  is  not  already  deviating. 

In  this  case  three  conditions  may  obtain: 

(a)  There  may  be  heterophoria.  In  this  event  the  left  eye  which 
is  fixing  already  will  continue  fixing  when  the  right  eye  is  covered, 
and  the  latter  which  was  fixing  before  being  covered  will  now  deviate. 
Then,  when  the  cover  is  taken  oflF  again,  the  right  eye  will  swing  back 
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into  place  aiul  the  left  will  still  remain  fixing,—!,  e.,  both  on  applying 
and  reniovini^  the  screen,  but  one  eye  will  niove,  and  that  the  one  that 
m  being  covered, 

(6]  There  may  be  a  sqtnnt  of  ike  inghl  eye.  In  this  ease  the  left 
eye  which  was  hxing  before  the  right  was  covered  will  continue  fixing 
afterward,  and  the  right  eye  which  %va8  deviating  before  it  whb  cov- 
ered will  remain  deviatiTig  afterward«.  Then  when  the  right  eye  is 
uncovered  ugaiii,  the  left  eye  will  still  remain  hxiug  (l^ecause  it  is  the 
eye  that  habitually  fixes)  and  the  right  will  still  remain  deviating  (be- 
cause  it  is  the  eye  that  habitually  deviates).  That  is,  both  on  covering 
and  uncovering,  neither  eye  moves»  j>rovided  the  cover  is  put  over  the 
squinting  eye. 

(c)  There  may  be  a  squint  of  (he  kft  eye.  Then  the  left  eye,  whiidi 
was  deviating  before  the  right  eye  was  covered,  will  now  have  to  move 
into  place  in  order  to  fix.  As  it  moves  into  place,  the  right  eye,  which 
is  beliinti  the  screen,  will  move  out  uf  place.  Then,  when  the  screen  is 
removed,  the  right  eye,  which  has  thus  liecome  deviated,  will  move  back 
into  the  fixing  position,  since  it  is  the  right  eye  whicli  ordinarily  fixes 
when  both  eyes  are  open,  and  the  left  eye  will  move  out  of  the  fixing 
position  and  back  to  its  ortÜnary  posit ii»n  of  <levJation.  That  is  both 
on  covering  and  uncovering,  both  eyes  will  move,  provided  in  the  case 
of  a  squint  the  screen  is  put  before  the  fixing  eye. 

If  repeated  applications  of  the  test  show  that  sometimes  the  right 
eye  squints,  sometimes  the  lefti  then  we  are  evidently  dealing  with 
an  alter  mi  i  in  g  st  ra  b  is  m  u  s . 

3,  FaatUaj  TrsL — As  we  are  passing  the  <*ard  from  eye  to  eye  in 
making  the  screen  test,  we  ask  the  patient  whether  the  object  he  is 
looking  at  seems  to  move  or  not.  If  it  does*  it  means  that  he  actually 
sees  the  oliject  double,  only  instead  of  seeing  the  two  images  simultane- 

rously  he  sees  one  after  the  other.  Thus,  if  on  uncovering  the  right  eye 
the  object  seems  to  move  to  the  right  it  means  that  the  right-eye  image 
is  to  the  right  of  the  left,— i.  e.,  he  has  homonymous  diplopia  (esophoria). 
If,  under  the  same  conditions,  the  object  had  seemed  to  move  to  the  left 
he  w(mld  really  huxe  crossed  diplopia  (exophoria).  If  it  had  mtwed 
down  he  would  have  had  a  riglit  hyperphoria;  if  up.  a  left  hyperphoria. 
In  order  to  be  sure  that  the  patient  is  actually  fixing  the  object  and 
not  looking  beyond  it,  so  that  he  sees  it  projected  against  a  background 
more  remote,  the  test  object  should  be  on  the  same  plane  as  the  objects 
immediately  surnmnding  it. 

The  amount  of  the  parallax  is  measured  ac<*urately  by  the  prism 
whif'h,  placed  before  the  eyes,  will  cause  its  abolition.  Thus,  an  ho- 
monymous parallax  which  is  eompleteh'  abolished  by  a  prism  of  15 £i» 
base  out,  indicates  an  esophoria  of  15  A,  etc. 

4.  Ri'fi  GIa»8.--\i  there  is  much  tendency  to  tliplopia  the  mere  in- 
terposition of  a  red  glass  Imfore  one  eye  will  evoke  it.  In  this  case  the 
test  object  should  be  a  light,  of  which,  then,  two  images  will  be  seen— 
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one  red,  the  other  white.  This  proves  that  the  patient  has  hinoadar 
vision  vriih  diplopia.  If;  with  the  red  glass  before  one  eye,  the  patient 
sees  a  single  light  which  is  white  tinged  with  red,  he  surely  has  no  dipUh 
pia,  and  has  binocular  single  vision.  If  he  sees  a  single  light  which  is 
pure  white  or  pure  red  he  is  suppressing  the  image  in  one  eye  (see  page 
731).      In  this  case  he  has  no  diplopia  and  has  only  monocular  tnsion. 

The  amount  of  deflection,  and  hence  the  amount  of  deviation,  may 
be  determined  either  by  ascertaining  the  linear  distance  between  the 
double  images  (allowance  being  made  for  the  distance  of  the  object 
from  the  patient),  or  by  finding  out  what  prism  will  be  required  to  over- 
come the  diplopia. 

5.  Maddox  Rod. — The  Maddox  rod  consists  of  one  or  more  little 
cylinders  of  glass  set  in  a  frame.     (See  Fig.  344.)     If  the  instrument 


[Fio.  348. — Stkvens'b  Phorouetkr. — D.) 


is  held  as  shown  in  the  figure  and  placed  before  the  right  eye,  the  patient, 
looking  at  the  light,  will  see  with  this  eye  the  light  transformed  into  a 
luminous  vertical  streak.  If  he  has  neither  esophoria  nor  exophoha 
this  streak  will  appear  to  run  through  the  flame  which  in  its  unaltered 
form  he  sees  with  the  left  eye.  If  he  has  esophoria  it  will  appear  to  the 
right  of  the  flame;  if  he  has  exophoria,  to  the  left  of  it. 

To  ascertain  whether  hyperphoria  is  present  or  not,  the  rod  is 
turned  at  right  angles  to  the  position  shown  in  the  cut  and  again  placed 
before  the  right  eye.  If  the  patient,  has  no  hyperphoria,  he  will  see 
a  horizontal  line  bisecting  the  light.  If,  however,  he  has  right  hyper- 
phoria the  horizontal  line  will  appear  below  the  light,  and  if  he  has  left 
hyperphoria  the  line  will  appear  above  the  light. 

The  amount  of  deviation  may  be  measured  by  the  linear  distance 
of  the  streak  from  the  light  or  by  the  amount  of  prism  that  will  be  re- 
quired in  order  to  make  the  streak  coincide  with  the  light. 

The  Maddox  rod  can  also  be  used  to  indicate  whether  there  is  any 
torsion  of  the  eye — i.  e.,  any  tilting  of  its  vertical  meridian  to  the  right 
or  left.    If  there  is,  the  streak  of  light  will  appear  tilted  when  the  rod 
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is  set  verticHli  and  the  number  of  degrees  through  which  the  rod  has  to  be 
rotated  to  make  the  line  of  light  appear  vertical,  will  indicate  the  amount 
of  the  torsion.     Torsion  can  also  he  measured  by  Stevens's  clinometer. 

6.  Photo  meter, — ^The  pht>rnnieter  (Fig.  348)  consists  essentially  of 
two  6  A  prisms,  geared  so  that  they  can  be  rotated  simultaneously  but  in 
opposite  directions.  The  prisms  are  first  »et  so  that  their  bases  both 
look  inward;  the  patient  then  looking  through  the  prisms  will  öee  two 
images  of  the  test  object,  that  of  the  right  eye  being  on  the  right  side. 
If  he  has  no  hyperphoria  the  images  will  be  on  the  same  level.  If  he 
has  right  hyi^erphoria  the  right  image  will  be  lower;  if  he  has  left  hyper- 
phoriu  it  will  be  liigher.  In  case  the  images  are  not  on  a  level  the  prisms 
are  rotattMl  until  they  are;  then  the  amount  of  hyperphoria  can  be  read 
olT  from  the  index. 

To  measure  for  lateral  deviations  the  prisms  are  rotated  until  the 
right  hand  one  points  down,  the  left  up.  Then,  if  there  is  no  esophoria 
or  exoph*>ria,  the  images  will  appear  directly  over  each  other.  If, 
however,  there  is  esophoria  the  upper  image  will  appear  on  the  left; 
if  there  is  exophoria  it  will  appear  on  the  right.  In  either  of  the  latter 
events  the  prisms  are  rotated  until  the  images  do  stand  over  each  other, 
when  the  amount  of  the  esophoria  or  exophoria,  as  the  case  may  be,  can 
be  read  off  from  the  index. 

7.  Bar-reading.— U  the  patient  is  directed  to  read  and  holds  a 
pencil  some  three  inches  in  front  of  the  page,  t>etween  it  and  his  eyes, 
he  will  still,  if  he  has  binocular  vision,  be  able  to  read  every  word,  be- 
cause the  letters  that  are  hidden  from  the  left  eye  will  be  seen  by  the 
right,  and  vice  versa.  If  he  has  no  binocular  visic^n,  the  pencil  ob- 
viously will  cut  out  part  of  what  he  is  reading.  Hence,  this  simple  test 
enables  us  to  tell  whether  he  is  using  one  or  botli  eyes   (see  page  700). 

8.  Sier€oscoi}€  and  Amblyoscope, — A  patient  who  has  binocular 
vision  will  be  able  to  see  two  dissimilar  images  placed  in  the  stereo.scope 
and  to  fuse  them  into  a  single  image.  This,  is  impossible  for  one  who 
has  only  monocular  vision.  Different  forms  of  stereoscope  have  been 
devised,  both  for  determining  the  presence  or  absence  of  binocular 
vision  and  also  for  training  binocular  vision  and  the  fusion  faculty. 
The  same  object  is  accomplished  with  the  amblyoscope  (Fig.  349). 

9.  Field  of  Fixation. — This  is  determined  with  the  tropometer 
or  perimeter.     (8ee  page  692  and  Fig.  315.) 

10.  Field  of  Binocular  Fixaiiour — We  make  the  two  eyes  follow 
an  object  which  is  carried  successively  right,  left,  up  and  right,  up  and 
left,  down  und  right,  and  down  and  left,  and  note  whether  either  eye  lags 
behind  the  other  anywhere.  If  so,  it  argues  an  insutliciency  of  the  cor- 
responding muscle.  Thus  if  the  left  eye  drops  below  when  the  eyes  are 
directed  up  and  to  the  left,  we  infer  a  weakness  of  the  left-hand  eleva- 
tor (i.  e.,  the  superior  rectus)  of  this  eye.  If  it  had  lagged  in  looking  up 
and  to  the  right,  we  should  have  inferred  a  weakness  of  its  right-hand 
elevator  {inferior  oblique). 
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The  same  inference  is  made  when  there  is  a  screen-deviation  wi 
increases  fast  when  the  eyes  are  carried  in  a  special  direction, 
deviation  out  behind  the  screen  which  increases  fast  to  the  right,  mea 
an  imsufhciency  of  the  left  internus.        (See  page  721). 

IL   Field  of  Binocular  Single  lesion.— We  place  a  red   gh 
fore  one  of  the  patient's  eyes  and  stand  three  feet  in  front  of  him  iiltii  j 
light,  which  we  pass  to  the  right,  to  the  left,  up  and  to  the  right,  up. 
t<:>  the  left,  (iown  and  to  the  right,  and  down  and  to  the  left.     We  dir 
tiini  to  follow  the  light  with  his  eyes  without  moving  his  head,  and 


M 


[Flu.  349* — W'oRTn'a  Amblyo»coiml,  Uoutrieu  bt  Buack, 

Tlie  amblyo«Mcope  eon*iiAt*  tif  two  iuIh-!«,  bent  and  joined  «>  a*  to  admit  of  b^ing  ronv 

divergeil  throtigb  il  c»onfiid^e^abl(»  angli».     In  liie  Black  tiiudlficiitiai]  here  *hoirn,  onr  nf  ili«  ]  

ftlcin  be  raided  or  bwered.  an  arrantjEf  inent  ftdviinto«e<iUft  when  the  two  eye*  »re  not  on  th#  a»me  l«v«4. 
A  eraduilte<^l  arc  mav  übo  be  a«Meil.  which  phuw^^  the  amount  of  the  devmtion  or  of  t\m  «ootrcrccftM 
And  divergence  employed.  I'h«'  further  vnd  of  each  tube  tmrnes  a  picture  mount«^)  on  a  tnuaflliiccbt 
pliite  of  celluloid.  A  mirror  at  the  bent  porlioit  of  the  tub«  finable»  th«  patient  tookinc  tlirotuth  ih* 
eyepiece  to  swj  (he  picture  with  the  currej^ponding  eye.  If  be  hii*i  buiiocul&r  vi*4on  he  will  Me  tfw» 
pjctyre*,  one  with  each  eye,  and  by  ^witmini?  t)ie  tune*  in  or  out  he  wUl  jet  the««  twi.  pietiin^  lovetlicr 
mnd  fuse  them, — D.] 

in  any  direction  of  the  gaze  lie  gets  double  vision»  we  ask  him  how  th| 
images  are  related  to  each  other,  how  far  they  are  apart,  and  whethc 
one  or  the  other  is  tilted  or  not.  Or,  better  still,  we  map  out  the  douUh 
image«  on  the  tangent  plane  (see  pages  713  and  720).  being  careful  to 
them  in  all  of  the  six  canlinal  positions  of  the  gaze  (see  page  717). 

12.  Prism-Convergence. — This  is  measured  by  the  strength  of  priisE 
placed  base  out  before  the  eye,  which  the  patient  can  overcome  (see  pa 
701),  when  looking  at  an  oljject  across  the  room. 

13*  Convergence  S^ ear-Point. — ^(See  page  701,) 

14.  Prism-Divergence, — This  is  measuri>d  by  the  strength  of  the  prism, 
placed  base  in  before  the  eye,  which  the  patient  can  overcome  (see  pa^^ 
701),  w^hen  looking  at  objects  across  the  room. 
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How  the  Tests  are  made  in  Pradice^ — In  exanuuing  a  case  fur  a  motor 
anomaly  of  the  eye  we  proreed,  as  follow«: 

A,  Wt*  tir.st  deternüiie  the  relations  for  distance  by  placing  the 
t€vst  object  far  off, — if  pots^ible,  twenty  feet  or  more,— from  the  eyes 
and  then  measuring  the  amount  of  deviation  by 

(1)  The  screen  and  (2)  the  jmrallax  Bimultaneously,  By  the 
screen  we  also  determine  whether  the  deviation  is  a 
sqnint  or  a  heteroiiluiria  (see  i>age  744)» 

(3)  The  Muddox  rod,  \^M\ng  both  for  hyperphoria  and  for  lat- 
eral deviation. 

(4)  The  phoromeier,  testing  both  for  liyjierphona  and  for  lat- 
eral fleviation. 

B.  We  measure  tlie  dt  rial  ion  for  near  jfoints  (^with  the  test  object 
lictd  at  about  ten  inches)  V)y 

(5)  The  pkorometer;  (6)  the  screen  and  (7)  the  jxiraUax  sim- 
ultaneously; and  (8)  the  Maddox  rod.  In  making  the 
screen  test,  we  ascertain  by  it  whether  the  deviation 
i«  a  «quint  or  a  heten>|>hriria. 

We  determine: 

(9)  The  convergence  near- point, 

(10)  The  prism-divergence  (best  done  just  aft€r  test  4). 

(11)  The  prifint-eonverfpmce. 

(12)  The  field  o/  binocular  situfle  vision.  In  niakhig  this  test 
we  note  whether  the  two  eyes  follow^  the  light  in  all 
directions,  or  whether  one  eye  lags  behind  the  other 
anywhere,— that  is,  we  determine 

(13)  The  jivld  of  hintjcidar  fixation. 
What  the  Tests  show  in  Normal  Cases, — Tlie  eye  muscles  may  be 

regarded  as  normal  if 

(a)  The  screen  test  show^s  that  there  is  no  squint,  and  the  other 
test«  enumerated  under  A  and  ß  show  that  there  is  only  a  miTiinial 
amount  of  heterophoria  (less  than  2  A  of  esophoria  or  exophoria  and  le«s 
than  i  A  of  hyperphoria)  for  both  distance  and  near. 

(b)  The  convergence  near-point  is  less  than  5  cm.  from  the  root  of 
the  nose. 

(c)  Prism-divergence  is  not  less  than  4  A  and  not  over  8  A  (2**  to  4** 
of  actual  de\dation). 

(d)  Prism-convergence  after  a  few  trials  can  be  run  up  to  15  A  or  20  A 
or  more. 

(e)  The  fieltb  of  binocular  fixation  and  liinocylar  single  vision  are 
normal— i.  e.,  tlie  j Vitien t  having  a  red  glass  before  one  eye  and  follow- 
ing a  light  that  is  carried  in  all  directions  sees  ever\'where  a  single  parti- 
colored light,  each  eye  moves  equally  with  its  fellow  viithout  lagging, 
and  there  is  no  noticeable  screen  de\iation  an>nvhere. 

In  certain  cases  the  rliptopia  tesb^    (parallax,  Maddox  rod,  phoroni- 
,  eter)  do  not  agree  with  the  screen  test,  so  that  we  have,  for  example, 
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a  well-marked  divergent  squint  with  an  homon5rmous  diplopia,  etc.  This 
is  due  to  a  peculiar  kind  of  false  projection^  acquired  usually  in  very  early 
Ufe.  It  sometimes  causes  a  troublesome  anomalous  diplopia  which  de- 
velops after  a  squint  operation  (see  page  739). 

If  there  is  suppression  of  the  image  in  one  eye,  such  as  regularly  takes 
place  in  long-established  squint  (see  page  731),  all  the  tests  for  binocular 
vision  (parallax,  phorometer,  red  glass,  stereoscope,  amblyoscope)  will  fail. 
Per  contra,  the  failure  of  these  tests  in  any  case  argues  the  existence  of 
suppression.  In  this  event  we  must  fall  back  on  the  screen  test,  and  the 
determination  of  the  field  of  monocular  and  binocular  fixation  and  of  the 
convergence  near-point. 

128  C.  Differential  Diagnosis  of  Deviations. — The  diagno^s  of 
a  paralysis  or  insufficiency  of  the  individual  muscles  is  made  from  the 
principles  laid  down  in  §  125.  The  tests  used  are  the  screen  test  (primary 
and  secondary  deviations),  and  the  determination  of  the  field  of  binocular 
fixation  and  of  binocular  single  vision;  sometimes  also  the  field  of  mcwioc- 
ular  fixation  (see  pages  694,  711-721,  744,  747). 

These  deviations  may  vary  all  the  way  from  a  very  slight  insuffi- 
ciency to  most  pronounced  paralysis.  Their  characteristic  feature  is 
that  the  deviation  is  non-comUant. 

The  diagnosis  of  a  divergence  or  convergence  anomaly  is  based  on 
the  following  considerations: 

When  we  .look  to  the  right  we  converge  or  diverge  our  eyes  with 
the  same  facility  as  when  we  look  to  the  left,  and  with  nearly  the  same 
facility  as  when  we  look  straight  ahead.  The  deviation  produced  by 
a  convergence  or  divergence  anomaly,  therefore,  will  remain  about  the 
same,  no  matter  how  the  eyes  are  turned,  provided  that  the  object  of 
fixation  is  kept  at  the  same  distance  from  the  eyes.  But  since  generally 
we  use  our  convergence  strongly  when  looking  at  near  objects  and  do 
not  use  it  when  looking  at  distance,  the  effect  of  a  convergence  anomaly 
in  producing  deviations  will  be  much  greater  in  near  than  in  distant 
vision.  The  opposite  will  be  the  case  with  a  divergence  anomaly.  Con- 
vergence and  divergence  anomalies  then  are  comitant  in  that  the  devia- 
tion changes  but  little  as  the  eyes  are  carried  to  the  right  or  left,  and  are 
periodic  in  that  the  deviation  due  to  a  convergence  anomaly  increases 
and  that  due  to  a  divergence' anomaly  decreases,  as  the  object  of  fixation 
approaches  the  eyes. 

Nearly  all  cases  of  periodic  comitant  heterophoria  and  squint  are 
produced  by  an  anomaly  of  convergence  or  divergence.  Nearly  all 
cases  of  continuous  comitant  squint  are  produced  by  an  anomaly  of 
convergence  combined  with  one  of  divergence. 

Convergence-excess  will  produce  an  active,  and  divergence-insuffi- 
ciency a  passive,  convergence  of  the  visual  lines  (esophoria  or  esotropia). 
Convergence-insufficiency  and  divergence-excess  will  produce  exophoria 
and  exotropia.  Ordinary  comitant  convergent  squint  (esotropia)  is 
due  to  a  convergence-excess  combined  with  a  divergence-insufficiency. 
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and  ordinary  divergent  «quint  (exotropia)  to  divergence-excess  fumbined 
wj  t  Ix  fon vergence-insufficicney . 

128  D.  Bsophoria  and  Convergent  Squint,— The  varieties  of 
esophuriH  and  t'onvergcnt  squint  are: 

.4.  Non-comuant  {Paretic )  Esophorm, — The  characteristic  mark  is 
that  the  esophoria  increases  progressively  us  the  eyes  are  carried  either 
to  the  right  or  to  the  left.  Due  to  insufficiency  of  an  abductor  (exter- 
nus  or  an  oblique)  or  over-action  of  an  adductor  (internufcs,  or  superior 
or  inferior  re^*tus).  May  also  l>p  due  to  insufficiency  of  an  adductor,  if 
condjined  with  a  coniitant  esophoria  (see  below)  great  enough  to  over- 
come the  exophoria  due  to  the  insulRciency,  Thus  an  esophoria  increas- 
ing to  the  right  may  be  caused  by  insufficiency  of  the  right  internus 
(which  would  produce  an  exophoria  dioiinishing  to  the  right)  conibinc^d 
with  an  esophoria  of  constant  amount  due  to  a  cunvergence-excess. 

In  any  case  an  esophoria  which  increases  to  the  right  must  be  due 
to  insufficiency  of  some  muscle  of  the  right  eye  (or  over-action  of  some 
muscle  of  the  left).  If  it  increases  fast  to  the  righL  it  nmst  be  due  to 
insufficiency  of  the  right  extern  us.      (See  page  715,  Note,) 

B,  Comüant  Esophoria, — The  varieties  of  comitant  esophoria  and 
convergent  squint  and  the  characters  by  which  they  are  distingiiished 
are  as  follows: 


Deviiitk>n  for  dUtiitiee 
hy  nil  U^t«  leicrei'ii. 
tittralliuc ,  Maddox  rodi, 
Ithoromcter. ) 

lievUiÜon  for  iimr  (t*y 

nil  U*8Ul). 


palat. 

Prism -con  venrence  (ad- 
ducUon ). 


Prlsm-dlvergent-u  {mh- 
doctlon). 


Firrlodfr  l>evlfttkiiia 


OiitiTvrKiniv«- 


Jumlllrleucj. 


CJTthojiUorIa  or 
slight  ej*rjplioiirt*  I 


KsophorU  iniftrk- 
ed  (much  more 
thiiri  f*jr  diir 
tance}. 

Xormnl  ( or  nhnnr- 
m&lly  ukige). 

NortDftl. 


NommL 


Esophoria  murk- 
efl. 


EMiphorin  sllgliit 
or  none  (dcfid- 
vtUy  h"^  thiin 
for  distance). 


ContlDuaiK  DfTJfttloiQft. 


XomiftL 


XonuAl. 


Low  (l«9a  th«ii  2\' 
3  )  ornccHtive 
(i.  e.,  icLBUper- 
able  homunv- 
mm»  diplopia 
/or  difitifctiec). 


inimffiitiaiirjr. 


Very  mnrkiHl  eM:)pliorla  or  a  marked 
coiiYcTKint  »i|tiiiii  At  all  niiigcs 
(i^mewlmi  ^n-nUer  for  near  thiir» 
for  di«taiiec  If  the  c-oJivtrg*;fH't.'-<?x- 
c«w  wa«  the  priinttry  tx>n<iiUi>ii, 
and  frrejiti?T  for  dititanrfr  thnri  for 
nenr,  if  thi* dh i^rgencclnsufflclcncy 
Wft*.  I  he  primary  condition  J, 


Normal  or  exoeuirely*  dose. 


ir  it  can  be  dfdied  (Ic,  If  ihi^r«  is 
no  «uppreisfon),  normal  nr  KU])cr- 
tiorniAl« 

Low.  Usually  (In  cüw  of  JMpvhit,  al- 
wayif)  m^»ti\e  {ix\,  there  it  hnv 
monymous  diplopia  at  all  nuigifä, 
so  that  no  prism,  bn*«?  In.  in  ovto^ 
come,  or  thoru  ii^  moncK'ular  vhdmi 
with  siipprc'sjiltiu)« 


I'rteary  imd  secondary    In  all  type*  deviation  of  one  eye  behind  \hv  w?reeii,  meai^LirfHl  uilh  prignii*, 
•et»en  deviathiiL  i     (Hitiala  in^ci*<;ly  thai  cf    th«  other  eyi*    ^distitKlkm  fn>m   iioii-iHimllant 

I     esophoria). 

Field  of  muniH'iiliir  and    In  all  tjqiM?»  esetjrslorii  of  each  eye  normal  In  all  dIre<'tloii«,     Neither  eye 
binocular  ttxation.  Ingü  tn^hind  the  other  tu  ninkliiK  lüternl.  vertical  or  oblique  movemeitta 

I     ^dlstiijctlori  from  tion-ootmitant  esophoria  J.  Screen  devintion  comitant. 

Field  of  binocalaroUiKle  tlomonymoua  diplopia  If  present,  not  Increasinir  {it  anything,  dim! tilnhln«g) 
riflion.  !     a«  eye«  are  carried  to  rt^liit  und  loft  fdlKiliiLtUni  from  nnin-i'^mltant  eao 

I     phorla).    Iticn-aKi»  ««.»mewhat  In  lüc»king  down,  dimlnbhes  in  looking  upu 


752  TKXT-BOOK  OF  OPHTHALMOLOGY. 

Convergence-excess  is  usually  accommodative,  i.  e.,  the  patient 
in  trying  to  see  ^velI  forces  his  accommodation  and  hence  also  forces 
his  convergence.  This  happens  (a)  when  he  is  trying  to  overcome 
a  hyperopia  or  astigmatism;  (6)  when  he  is  trying  to  see  with  the  aid 
of  an  accommodation  which  has  been  reduced  below  normal  by  de- 
bilitating disease  or  by  the  instillation  of  homatropine  or  atropine; 
(c)  when  vision  is  rendered  difficult  by  opacities  in  the  media,  reduced 
illumination,  etc.  Convergence-excess  may  also  be  set  up  by  the  use  of 
prisms,  base  out,  and  a  non-accommodative  convergence-spasm  may 
be  produced  by  hysteria  and  rarely  by  other  affections.  As  a  second- 
ary affection,  convergence-excess  occurs  in  consequence  of  a  divergence- 
insufficiency  which  has  lasted  a  long  time. 

Divergence-insufficiency  is  usually  secondary  to  a  progressive  con- 
vergence-excess (see  page  685)  although  it  may  be  primary.  The  most 
marked  instance  of  the  latter  is  the  rather  rare  divergence- paraiy sis. 
This  is  characterized  by  homonymous  diplopia  and  a  convergent  squint 
which,  great  in  amount  for  distance,  diminish  steadily  as  the  object  of 
fixation  is  brought  toward  the  eyes,  until  at  some  comparatively-  near 
point  there  is  single  vision  with  orthophoria.*  Contrary  to  what  takes 
place  in  a  paralysis  of  the  abducens,  which  this  condition  superficially 
resembles,  the  squint  and  the  diplopia  diminish  or  remain  the  same  as 
the  eyes  are  carried  to  tlu*  right  and  left,  and  the  excursions  of  both  eye^ 
are  of  normal  extent.  The  condition  usually  develops  suddenly  and  is 
often  due  to  organic  brain  disease. 

An  esophoria  may  disappear  if  the  conditions  causing  it  are  abol- 
ished or  off-set.  Thus  an  accommodative  convergence-excess  usually 
disappears  if  the  causal  hyperopia  and  astigmatism  are  corrected  early 
enough;  and  it  disai)pears  in  presbyopes  who  no  longer  accommodate 
excessively  because  they  can  not.  Again,  in  some  cases  a  convergent 
squint  disai)i>ears  in  youth,  because  in  the  growth  of  the  face  the  orbits 
get  more  divergent  so  that  the  interni  work  with  more  difficulty  than 
before   (Weiss). 

In  other  cases  an  esophoria  increases.  This  is  seen  in  the  develop- 
vient  of  a  convergent  squint,  which  usually  begins  as  an  accommodative 
convergence-excess.    The  steps  in  this  development  are  as  follows: 

(1)  A  child  with  a  good  deal  of  hyperopia  or  astigmatism,  as  soon 
as  he  begins  to  use  the  eyes  much  for  near  work,  develops  a  varying. 
evidently  more  or  less  sjMsinodic  esophoria,  which  is  marked  for  near 
when  his  convergence  is  called  into  j)lay,  but  which  is  little  or  not  at  all 
marked  for  distance. 

(2)  Little  by  little  the  deviation  increases  until  binocular  fixation 
for  near  becomes  impossible,  and  the  periodic  esoj)horia  is  transformed 
into  a  ])eriodic  convergent  squint.  This  at  first  is  intermittent  and  occa- 
sional, afterwards  more  and  more  constant.  There  is  now  more  or  less 
esophoria  for  distance  also,  although  always  less  than  for  near,  and 
i  here  is  still  binocular  fixation  for  distance. 
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Careful  tests  at  this  stage  will  show  in  nearly  every  case  that  the 
9quini  is  associated  with  diplopia. 

(3)  After  this  condition  has  lasted  for  a  time,  perhaps  for  some 
years»  the  patient  gives  up  binocular  fixation  for  distance,  so  that  he 
xiow  has  a  convergent  squint  for  both  distance  and  near  (continuous 
sqvint).  The  deviation  as  measured  by  the  screen,  however»  is  still 
much  more  marked  for  near  than  for  distance.  Diplopia  can  still  usu* 
ally  be  elicited  hy  the  tests.  The  condition  is  still  mainly  one  of  con- 
vergence-excess, 

(4)  Later  still,  the  amount  of  deviation  for  distance  begins  to 
increase  until  ultimately  the  squint  for  distance  equals  that  for  near 
|M*ints*  and  both  are  absolutely  greater  than  they  were.  This  change  is 
due  to  the  superadding  of  a  divergence-insufficiency  to  the  primitive 
convergence-excess;  the  conditions  now,  in  fact»  are  those  shown  in 
the  table  as  obtaining  for  a  conver^gence-excess  and  divergence-insuffi- 
ciejicif  coffihitied.  The  rotations  of  the  eyes  are  still  normal  in  amount» 
indicating  that  tlie  muscles  themselves  are  as  yet  unaJIected. 

At  this  stage*  diplopia,  if  it  can  be  eUcited  at  all»  no  longer  ob- 
trudes itself  upon  the  patient *s  notice  nor  causes  confusion.  In  many 
t  ases  it  cannot  l>e  elicited  l>y  any  tests,  suppression  of  one  of  the  images 
having  occurred  (see  page  731). 

(5)  Later,  secondwi^  nniscidur  changes  (contracture  of  the  internus, 
stretching  and  weakening  of  the  externus)  take  place  in  the  squinting 
eye,  producing  an  absolute  reduction  in  the  rotation  outward  and  ex- 
cess of  rotation  inward. 

In  some  cases  it  seems  that  a  convergent  squint  may  develop 
from  a  divergent^e-insufficiency.  The  steps  in  this  case  arCi  first, 
an  increase  of  the  esophoria  for  distance^  then  the  superadding  of  a 
convergence-excess  producing  an  esophoria  for  near.  The  result  is, 
first  a  ]>eriodic  convergent  squint  (esotropia  for  distance,  esophoria  with 
binocular  fixation  for  near);  later  a  continuous  squint  for  all  ranges. 
Until  late  in  their  course  such  cases  are  distinguished  from  those  start- 
ing with  a  primitive  convergence-excess  by  the  fact  that  the  deviation 
for  distance  always  exceeds  that  for  near. 

128  E,  Exophoria  and  Divergent  Squint. — The  varieties  of 
exophoria  and  divergent  sipiini  are: 

A,  Non-cvmitnnt  (Paretic)  Ejcophoria. — The  characteristic  mark  is 
that  the  exophoria  increases  progressively  as  the  eyes  are  carried 
either  to  the  right  or  to  the  left.  Due  to  insufficiency  of  an  adductor 
(internus  or  superior  or  inferior  rectus)  or  over-action  of  an  abductor 
(externus  or  an  oblirjue).  May  also  l>e  due  to  insufficiency  of  an  abduc- 
tor if  combined  with  a  comitant  exophoria  (see  below)  great  enough  to 
overcome  the  esophoria  due  to  the  insufficiency.  Thus  an  exophoria 
increasing  to  the  right  may  be  caused  by  insufficiency  of  the  left  externus 
(which  would  produce  an  esophoria  diminishing  to  the  right)  combined 
w^ith  an  exophoria  of  constant  amount  due  to  a  convergence-insufficiency. 
48 
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In  any  case,  an  exophoria  which  increases  to  the  right  must  be  due 
to  insuflBciency  of  some  muscle  of  the  left  eye  (or  over-action  of  some 
muscle  of  the  right).  If  it  increases  fast  to  the  right  it  must  be  due  to 
insufficiency  of  the  left  internus.     (See  page  716,  Note.) 

B,  Comitant  Exophoria, — The  varieties  of  comitant  exophoria  and 
divergent  squint  and  the  characters  by  which  they  are  distinguished 
are  as  follows: 


Periodic  Deviation«. 


Continuou«  Dt- viati4iU!^ 


Convergence- 
iiMuflicieiicy. 


Divergieiire- 

VXCMW. 


Deviation  for  distance 
by  all  test«  (screen. 
})Hrallax,  Maddox  rod, 
I>horometer). 

Deviation  for  near  (by 

all  teMts). 


Convergence   near- 
point. 


Prisin -convergence  (ad- 
duction) . 


Orthophoria  or  ■  Exophoria  mark- 
slight  exophoria.  '    ed. 

i 

Exophoria   verv  i  Exophoria  decid- 
marked   (much  j     edly  lei»  than 
more  than  for       for  distance, 
difltance).  i 

Remote  (more  !  Normal, 
than  7  cm.  from  ' 
root  of  nose).      : 


Low  and   accom- '  Normal, 
plishcd  only 
with  efTort  and 
difficulty. 


Prism-divergence  (at>  ;  Normal, 
duction). 


i  Abnormally  great  I 

(over    0       of 
I     prism).  I 


CouverKence-inaufllcienrT  with 
di  vergence-frzcv». 


Marked  exophoria  or  marked  diver 
gent  squint  at  all  ranges  (somewhat 

rreater  for  near  thau  for  distanoe 
f  the  convergence-insufBcieDcr 
was  the    primary   condition,  and 
I     greater  for  distance  than  for  near  if 
the  divergence-excess  was  the  pri- 
,     mar}'  condition). 


Remote.  In  case  of  actual  Miuint, 
none  (iiaticnt  may  in'  to  convtrfge 
but  cannot  secure  binocular  fix*- 
tion  at  any  distance). 

Low.  In  case  of  atrtual  squint  nega- 
tive (i.e.,  there  is  either  enisKd 
diplopia  at  all  ranges  so  that  no 
pnsm  is  overcome,  or  there  is  moo- 
ocular  vision  with  suppression}. 

If  it  can  be  elicited  (i.e..  if  there  in  no 
suppression)  it  is  much  greater  than 
normal. 


Prlmar>'and  secondary 
»creen  deviation. 


Field  of  binocular  fixa- 
tion. 


Field  of  binocular  single 
vision. 


'  In  all  types  deviation  of  one  eye  behind  the  screen,  equal)«  precisely  that  of 
the  other  eye  (distinction  from  non-comitant  exophoria). 

In  all  types  excursions  of  each  eye  normal  in  all  directions.  Neither  eye 
lags  belli nd  the  other  in  making  lateral,  vertical,  or  oblique  movements 
(distinction  from  non-comitant  exophoria).  Screen  deviation  coinitant. 

Oossed  diplopia  not  increasing  as  eyes  are  carried  to  right  and  left  (distinc- 
tion from  non-comitant  exophoria).  Increases  somewhat  in  looking  upi, 
diminishes  in  looking  down. 


Convergence-insufficiency  is  often  accommodative,  that  is,  it  occurs 
in  those  who  do  not  require  to  use  their  accommodation  in  the  normal 
way.  The  accommodation  and  convergence  being  intimately  associated. 
the  disuse  of  one  means  the  disuse  of  the  other.  (See  page  734).  This 
disuse  of  the  convergence  often  shows  itself  at  first  simply  by  the  pre^ 
ence  of  a  large  amount  of  exophoria  for  near  without  any  recession  of 
the  convergence  near-point,  but  later  it  develops  into  a  true  conver- 
gence-insufficiency. 

Accommodative  convergence-insufficiency  occurs  in  myopes  who  are 
not  using  concave  glasses,  and  may  also  occur  (from  sudden  relaxation 
of  the  accommodation)  in  hyperopes  and  presbyopes  when  putting  on 
convex  glasses  for  the  first  time.  A  somewhat  similar  relaxation  of  the 
convergence  is  found  in  those  who  for  any  reason  (presbyopia,  marked 
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hypen>pia,  aribumetropia,  etc.)  can  not  see  well  for  near;  and  in  this 
case  the  convergence-iiisutfh'ieney  may  be  relieved  by  convex  pla^ses. 

A  tion-accommoiiatit'e  Limvergencc-intiuffieiency.  i.  e.,  one  wliich  de- 
ve[ii[>s  without  any  reference  to  a  refractive  error,—  occurs  i[uire  often 
in  hy.stena,  traumatic  neurobeb,  neurasthenia,  aiueniia,  and  debilitated 
conditions,  however  caused;  aleo  in  connection  with  intra-nasal  di.seuise, 
and  not  infrequently  seems  to  occur  in  those  who  are  apparently  liealthy. 
It  is  also  often  secondary  to  a  divergence-execss  (see  i>age  756). 

An  extreme  variety  of  convergence-insutriciency  is  conrtrgtnee- 
pfimhfsis.  This  is  characterized  by  a  rros«ed  diplopia  and  a  divergent 
squint  which  increase  progressively  as  the  object  of  fixation  i»  carried 
toward  the  eyes.  The  deviation  and  the  diplopia  dt»  nut  increase  either 
to  the  right  or  to  the  left.  Movements  of  each  eye  outward  and  inward 
are  nornml.  The  convergence  reaction  of  the  pupil  i«  absent,  (/on- 
vergence-paralysis  occurs  in  tabes,  multiple  .sclerosis,  and  other  (^entrai 
nervous  diseases. 

Diver gencc-excvss  is  fairly  common  as  a  primary  condition  It  also 
occurs  as  a  regular  secondary  etTect  of  a  progressive  convergence-insuffi- 
ciency  (see  below). 

A  convergence-insufficiency,  especially  if  due  to  temporary  causes, 
may  disappear;  or  it  may  inrrease  by  the  sufieTadding  of  a  tlivrrgence- 
excess.  A  divergence-excess  often  remains  stationary  for  a  numl^er 
of  years,  but  it  niay  also  increase  by  the  superaihling  of  a  cunvergence- 
insufficiency. 

These  condünetl  forms  (convergence-insufficiency  with  diverget ice- 
excess)  eonstitute  the  ordinary  continuous  divtiujvni  aquint.  This  de- 
velops most  often  from  a  convergence-insufficiency»  the  steps  of  devel- 
opment l>etng  as  follows: 

(1)  Marked  exophoria  for  near  with  at  first  a  normal  near  \n\\\\\  of 
convergence;  orthophoria  for  distance  anil  normal  diverging  jM>wer 
{}>er iodic  exopkoria). 

(2)  Beginning  divergent  squint  for  near  with  recession  of  the  con- 
vergence near-fKJint ;  Ijeginning  exoi>horia  for  distance  with  increase 
in  the  prism-divergence  (inriodir  direrffent  stiulnt).  This  squint,  at 
first  intermittent,  is  afterwards  constant* 

(3)  Marked  increase  of  the  exophoria  for  distance  with  gradual 
transformation  into  squint  (consecutive  divergence-exc^ess)  converting  a 
periodic  into  a  continnoys  sqninf, 

(4)  Mitficiihr  changes  (contracture  of  the  externus,  stretching  and 
weakening  of  the  internus)  producing  absolute  impairment  of  rotjition 
inward  and  excess  of  rotation  outward, 

A  divergent  squint  also  quite  often  develops  from  a  divergence-ex- 
cess; the  steps  in  the  development  being  as  follows: 

(1)  Marked  exophoria  for  distance  with  excessive  prism  divergence; 
exophoria  for  near,  little  or  none,  and  near  point  of  convergence  nor- 
mal (periodic  cjrophorin). 
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(2)  Beginning  divergent  squint  for  distance  with  crossed  diplopia 
and  still  further  increase  in  the  prism-divergence;  beginning  exophoria 
for  near,  but  with  convergence  near-point  still  normal  {periodic  diver- 
gent squint).    This  squint  is  at  first  intermittent,  afterwards  constant. 

(3)  Marked  increase  of  the  exophoria  for  near  and  gradual  reces- 
sion of  the  convergence  near-point  {consecutive  convergence-insuffi- 
ciency) j  producing  a  squint  for  near,  which,  however,  is  less  than  for 
distance). 

(4)  Marked  divergent  squint  which  is  of  about  the  same  amount 
for  both  distance  and  near  {conversion  of  the  periodic  into  a  continuous 
squint  by  the  superadding  of  a  convergence-insufficiency  to  the  prim- 
itive divergence-excess).  Diplopia  still  often  present,  but  now  usually 
negligible  by  the  patient.  The  rotations  of  the  eye  inward  and  outward 
are  still  about  normal. 

(5)  Muscular  changes  (weakening  of  the  interni;  contracture  of 
the  externi)  causing  impairment  of  rotation  inwards  and  excess  of  rota- 
tion outwards. 

128  F.  How  Squint  Develops.— As  seen  from  §  128  D  and  §  128 
E  a  convergent  squint  usually  develops  out  of  a  simple  convergence- 
excess  to  which  is  added  a  divergence-insufficiency;  and  a  divergent 
squint  develops  out  of  a  simple  convergence-insufficiency  to  which  is 
added  a  divergence-excess  or  out  of  a  divergence-excess  to  which  is 
added  a  convergence-insufficiency. 

The  processes  by  which  these  changes  take  place  are  not  located  in 
the  muscles  themselves,  for  imtil  very  late  in  the  development  of  most 
cases  of  squint  the  rotations  of  the  eyes  are  normal,  indicating  that  the 
power  of  the  muscles  per  se  is  neither  impaired  nor  excessive.  The 
changes  that  take  place  are  doubtless  central,  following,  as  Hoffmann 
pointed  out,  the  law  promulgated  by  Sherrington,  that  excessive  stimu- 
lation of  the  center  for  one  movement  produces  inhibition  of  the  center 
for  the  opposing  movement,  and  vice  versa.  In  other  words,  in  cases  of 
convergence-excess  the  center  for  convergent  movement,  being  subjected 
to  continuous  over-stimulation,  becomes  more  and  more  active,  producing 
a  continually  greater  excess  of  convergence  action  and  at  the  same  time 
(jausing  greater  and  greater  inhibition  of  the  center  for  the  divergent 
movements.  The  consequence  is  that,  superadded  to  the  convergence- 
excess,  we  have  ultimately  a  progressive  divergence-insufficiency.  It 
is  only  late  in  the  course  of  the  condition  that  the  persistent  stimiüation 
of  the  internus,  coupled  with  the  maintenance  of  one  eye  in  the  forced 
inward  position,  produces  hypertrophy  or  contracture  of  this  muscle 
and  stretching  or  atrophy  of  its  opponents. 

A  small  proportion  of  cases  of  squint  do,  however,  develop  out  of  a 
true  muscular  defect.  Thus,  some  cases  of  convergent  squint,  both  in 
childhood  and  in  adult  life,  develop  out  of  a  primitive  paralysis  of  the 
abducens  which  has  been  converted  into  a  comitant  deviation  by  con- 
secutive over-action  and  contracture  of  the  internus   (see  page  707). 
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Furthermore,  a  convergent  squint  due  to  a  convergence-excess  may  be 
aggravated  by  the  presence  of  a  primitive  weakness  of  the  externi  or 
over-development  of  the  interni.  Again,  a  divergent  squint  may  be 
I)roduced  by  developmental  changes  in  the  orbit  causing  u  relati\'e  pre- 
ponderance of  the  externi  (see  page  752),  or  by  weakness  of  the  internus 
due  to  operation.  Such  factors,  however,  phiy  a  very  subordinate  part 
in  the  production  of  squint. 

Squint  a  Bilateral  Affection.— In  squint  the  patient  appears 
simply  to  fix  with  one  eye  and  to  turn  the  other  inwards  or  outwards. 
In  reality,  however,  both  eyes  are  turned.  Thus,  as  shown  in  Fig,  35D 
when  a  patient  with  cfinvergent  squint  is  told  to  look  at  the  object  A, 
both  eyes  tend  to  converge  equally,  so  that  they  really  look  at  some 


n 
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nearer  point,  like  B;  then,  in  order  to  get  the  image  of  A  on  the  fovea 
of  at  least  one  eye,  the  patient  turns  both  eyes  to  one  side — say  to  the 
right— through  the  equal  angles  BRA  and  BLD.  The  right  eye,  R,  is 
now  directed  towards  A  or  fixes  it,  the  left  eye  squints  in  by  the  angle 
ALD  =2  X  BLA.  Thus,  here  really  the  squint  is  bilateral,  each  eye 
aetualiy  turning  in  by  an  equal  amount,  yet  apparently  the  left  eye  alone 
squints,  because  the  patient  happens  to  use  the  right  for  fixation. 

Which  eye  the  fHitient  achmllp  uses  to  fix  anih  depends  usually  upon 
the  vision.  If  he  sees  much  l>etter  with  one  eye  than  with  the  other  he 
will  fix  with  the  better  and  squint  with  the  worse  eye;  the  squint  will 
then  lie  unilateraL  If  the  two  eyes  are  about  alike  in  vision  and  refract- 
ing power,  w^e  often  find  an  alternating  squint,  the  patient  using  either 
eye  indifferently  for  fixation  and  squinting  w*ith  the  other.  In  some 
cases p  particularly  in  anisometropia,  the  patient  may  fix  with  one  eye 
for  distanre  and  with  the  other  for  near  (see  page  737). 
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128  Q.  Why  Squint  Develops. — It  seems  quite  certain   that  in 

their  inception  the  different  periodic  deviations  (convergence-excess,  cantfer- 
gence-insufficiency,  divergence-excess,  divergence-insufficiency)  are  accom- 
panitd  by  diplopia. 

Now  the  more  nearly  continuous  (non-periodic)  a  deviation  is  the 
easier  it  is  for  the  patient  to  ignore  the  diplopia  to  which  it  gives  rise, 
and  the  less  pronounced,  consequently,  are  the  subjective  disturbances 
which  are  dependent  on  this  diplopia. 

Again,  a  large  deviation  generally  causes  much  less  subjective 
trouble  than  does  a  small  one:  first,  because  the  image  projected  by 
the  deviating  eye  is  so  faint  and  so  far  from  the  other  that  the  patient 
can  readily  ignore  it;  second,  because  the  deviation  being  so  large  that 
the  patient  cannot  possibly  overcome  it,  he  does  not  even  make  the 
attempt  to  do  so,  and  thus  escapes  the  reflex  disturbance  that  such 
an  attempt  often  produces.  Accordingly,  it  is  for  the  patient's  interest 
that  if  he  has  a  periodic  deviation  it  shall  be  transformed  into  one  that 
is  as  nearly  continuous  as  possible;  and,  second,  that  if  it  is  small  it  shall 
increase  in  amount  until  the  diplopia  is  readily  negligible. 

As  we  have  seen  above  (pages  752  and  755)  both  kinds  of  change 
occur  regularly  in  the  conversion  of  a  heterophoria  into  a  convergent 
or  a  divergent  squint,  and  the  squint  itself,  therefore,  is  to  be  regarded 
as  the  final  outcome  of  a  series  of  instinctive  endeavors  that  the  patient 
makes  to  avoid  diplopia  and  confusing  images. 

Conditions  Favoring:  the  Development  of  Squint. — The  de- 
velopment of  a  squint  out  of  a  heterophoria  is  much  more  apt  to  occur 
if  there  is  any  condition  such  as  anisometropia,  opacities  of  the  media, 
fundus  disease,  congenital  anomalies,  etc.,  that  renders  the  sight  of  one 
eye  much  worse  than  that  of  the  other.  In  such  a  case  the  image  of  the 
worse  eye  often  confuses  that  of  its  fellow  instead  of  reinforcing  it, 
and  hence  the  patient  really  sees  better  when  he  allows  the  worse  eye 
to  deviate.  In  many  cases  it  is  apparent  that  he  actually  forces  it  to 
deviate  so  as  to  get  the  disturbing  image  out  of  the  way.  This  is  partic- 
ularly the  case  in  divergent  squint. 

A  factor  which  by  many  is  regarded  as  the  predoniinating  element 
in  the  production  of  squint  is  the  lack  of  development  of  the  fusion-faculty 
(Worth).  The  effect  of  this  would  be  that  the  patient  would  have  no 
tendency  to  blend  the  two  retinal  images,  and  hence  would  have  no 
special  motive  for  maintaining  binocular  fixation.  Consequently,  if 
there  was  a  deviation  of  the  eye,  he  would  not  try  to  overcome  it,  but 
would  allow  one  of  them  to  squint.^  t 

128  H.  Hyperphoria  and  Vertical  Squint. — Hyperphoria  in  a 
great  many  instances  is  caused  by  paresis,  or  at  least  insufficiency  of 
one  of  the  elevator  or  depressor  muscles  of  the  eye.  In  this  case  the 
deviation  and  its  evidences  (vertical  diplopia,  etc.)  increase  and  decrease 

's  It  has  seemed  to  the  translator  that  the  lack  of  ability  to  perform  fusion  in  these  caaee  \n  not 
so  much  the  cause  of  the  squint'  as  the  result  of  it. 
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characteristieally  in  looking  in  some  particular  direction  of  the  gaze 
(sec  page  715).  Hyperphoria  of  high  degree  and  real  vertical  squint 
(hy})enropia  and  hypotropia)  are  almost  always  of  tliis  origin,  being, 
therefore,  non-cotnäant  deviations. 

In  some  cases,  even  when  thus  originating,  a  hyperphoria  or  vertical' 
»quint  may  become  nearly  comitant  by  virtue  of  consecutive  contrac- 
ture of  the  opponents  of  the  paretic  muscles  (see  page  707). 

In  a  few  instances  with  very  high  degree  of  hyperphoria  a  true 
vertical  squint  may  be  truly  comitant  from  the  start— i.  e.,  we  can  fuid 
no  evidence  of  insufficiency  of  any  elevator  or  depressor  muscle.  Hy- 
perphorias of  low  degree  are  usually  comitant. 

Some  cases  of  hyperphoria  seem  io  he  Hjxssmodic  in  origin,  chang- 
ing rapidly  and  lasting  only  a  short  time,  Sometimes  a  spasmodic 
hyperphoria  of  this  sort  seems  to  be  due  in  some  way  to  accommoda- 
tive action,  since  it  disappears  apparently  as  the  result  of  the  correction 
of  a  refractive  error.  In  most  cases  hyjierphoria  once  developed  lasts 
indefinitely.  It  does  not,  as  a  ru'e,  tend  to  increase,  except  in  the  form 
due  to  marked  paralysis  of  an  elevator  or  depressor  where  the  deviation 
is  often  exaggerated  as  time  goes  on»  either  by  secondary  contracture 
of  the  opposing  muscles  or,  because  the  paretic  eye  fixes  and  the  sound 
eye  hence  deviates  excessively  (see  page  720). 

128    L  Symptoms    of    Heterophoria   and    Squint.— These  are— 

K  Diplopia,  This,  especially  when  slight  so  that  the  double  images 
are  close  enough  together  to  confuse  each  other,  produces  blurring  of 
eight  and  sometimes  vertigo, 

2.  The  attem[>t  to  avoid  diplopia  may  produce  a  peculiar  altitude 
of  the  head  (pages  707  and  741).     This  may  even  result  in  torticollis. 

3.  Amblyopia  may  result  from  disuse  of  the  deviating  eye  (see 
page  732). 

4.  Reflex  Symptoms  indvced  bij  the  Effort  made  to  Cotrexi  the  Devia- 
tion.— These  are  asthenopia,  pain  in  the  eyes»  conjunctival  irritation, 
headache,  which  may  l>e  supra-orbitaL  orbital,  temporal,  or  occipital, 
and  other  pains  situated  in  various  parts  of  the  body.  Occasionally, 
also,  we  find  spasm  of  the  facial  muscles,  and  sometimes  other  forms 
of  spasm;  not  infrequently  also  digestive  disturbances,  nausea,  and 
interference  with  the  genera!  nutrition. 

Reflex  symptfvms  are  especially  pronounced  when  the  deviation  is 

so  slight  that  the  patient  can  overcome  it,  and  consequently  does  so, 

although  with  effort.    They  are  particularly  marked  when  the  deviation 

i.H  inconstant  and  varies  under  tlifferent  conditions,  because  tn  this  case 

the  patient  cannot  as  readily  allow  for  the  changing  position  of  the  eyes 

s  he  can  when  the  deviation  is  the  same  all  the  time.    Consequently, 

reflex  disturbances  are  great  er'  in  heterophoria  than  they  are  in  squint 

and  greater  in  a  periodie  stpiint  than  tliey  are  in  one  which  is  continuous. 

^^Indeed,  as  we  have  seen,  this  very  fact  seems  to  constitute  the  reason 

^Bn'hy  a  periodic  is  rjc^^ularly  converted  into  a  continuous  squint. 
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The  most  marked  and  disagreeable  symptoms  are  found  in  hyper- 
phoria and  in  divergence-insuflSciency.  In  these  conditions  the  symp- 
toms are  usually  most  troublesome  in  distant  vision. 

In  convergence-insufficiency  the  commonest  symptoms  are  asthen- 
opia, headache,  and  conjunctival  irritation,  and  these  are  developed 
generally  by  near  work.  They  are  much  more  likely  to  occur  in  the  non- 
accommodative  form  of  convergence-insufficiency. 

128  J.  Treatment  of  Heterophoria  and  Squint. — 1.  Correction 
of  refraction  is  a  very  important  element  in  &\\  of  these  anomalies  and 
may  alone  suffice  to  effect  a  cure,  particularly  when  the  deviation  is 
still  of  the  periodic  type.  It  is  of  special  importance  and  efficacy  in 
convergence-excess,  particularly  convergence-excess  which  is  develop- 
ing into  squint.  Here  it  is  necessary  to  correct  the  whole  of  the  hyper- 
opia and  astigmatism  present.  Similarly,  in  convergence-insuflSciency 
accompanying  myopia,  the  patient  must  wear  a  glass  fully  correcting 
his  error  and  wear  it  for  near  as  well  as  for  distance. 

In  cases  in  which  the  deviation  is  no  longer  periodic — i.  e.,  in  which, 
in  addition  to  a  convergence  anomaly,  there  is  superadded  an  anomaly 
of  divergence, — correction  of  the  refraction  is  less  apt  to  afford  a  cure, 
and  in  the  case  of  a  continuous  squint  very  rarely  does  more  than  dimin- 
ish the  amount  of  the  deviation.  In  any  case,  the  effect  of  correction  of 
refraction  is  rarely  an  immediate  one;  it  usually  takes  some  months— 
perhaps  a  year  or  two — for  the  full  effect  of  the  glasses  to  be  secured. 

2.  General  treatment  must  be  employed  in  neurasthenia  and  hysteria 
and  in  conditions  of  debility  from  whatever  cause.  This  will  often 
relieve  the  symptoms  without  itself  producing  anv  material  change  in 
the  muscular  condition  of  the  eyes. 

3.  Treaiment  of  Associated  Conditions, — The  treatment  of  other  affec- 
tions, particularly  intra-nasal  disease,  which  may  possibly  be  sources 
of  reflex  trouble,  should  never  be  neglected. 

4.  Exercises  in  moving  the  Eyes. — Exercises  of  the  eyes  in  converg- 
ing on  a  pencil  carried  towards  the  nose  or  in  overcoming  prisms,  base 
out,  are  useful  in  convergence-insufficiency  and  occasionally  in  diver- 
gence-excess. 

5.  Orthoptic  Exercises. — With  a  squint  that  develops  in  early  life 
much  can  be  done  by  educating  the  fusion  faculty.  This  can  be  done 
with  the  stereoscopCy  or,  better  still,  with  Worth's  amblyoscope.  Both 
of  these  instruments,  by  compelling  the  eyes  to  act  together,  train  the 
fusion  faculty.  Both  are  at  first  adjusted  for  the  patient's  angle  of 
squint,  then  by  successive  adjustments  the  patient  is  gradually  taught 
to  look  into  the  instruments  with  the  eyes  more  and  more  nearly  straight 
and  yet  maintaining  fusion.  In  this  way  the  angle  of  squint  is  steadily 
diminished,  and  there  is  finally  orthophoria. 

Another  orthoptic  exercise  is  bar-reading.  This,  as  already  stated. 
(see  pages  700  and  747)  consists  in  reading  with  a  bar  or  pencil  held 
between  the  eyes  and  the  print.     Unless  the  patiei\t  is  using  both  eyes 
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at  once  for  seeing,  the  Imr  will  hide  some  of  the  letters.    The  systenmtic 
use  of  the  bar  is  an  exercise  in  binocular  vision. 

The  squinting  eye  vim  also  be  exercised  either  by  bandaging  the 
good  eye,  or^  better  still,  by  keeping  the  latter  for  some  weeks  under 
atropine  (see  page  735). 

6.  Prisms  for  Wear. — Deviations  of  low  degree  may  be  corrected 
by  prisms  worn  constantly ^  either  alone  or  combined  with  the  glass 
correcting  the  refraction.  This  is  most  serviceable  in  hyperphoria,  in 
esophoria  and  exophoria,  prisms  constantly  worn  often  tend  to  increase 
the  deviation,  and  their  n^  is  not  generally  advisable.  Moreover,  it  is 
not  usually  possible  for  a  patient  to  wear  prisms  of  more  than  3  A,  or  ai 
most  4  A,  Ijefore  one  eye,  so  tlrnt  the  total  amount  of  deviation  that  we  can 
correct  by  this  means  would  not  be  more  than  7  A  at  most. 

7.  Ojx'ralion. — When  everything  else  has  been  tried  and  has  failed, 
an  operation  is  indicated. 

With  an  esophoria  or  convergent  »quints  tenotomy  of  one  or,  better, 
of  both  internal  recti  is  done,  provided  the  condition  is  mainly  one  of 
convergence-excess.  When  the  condition  is  one  of  divergence-insuth- 
ciency»  the  better  plan  is  advancement  of  one  or  both  externi. 

Similarly,  in  exophoria  or  divergent  8qui?ü  caused  by  divergence- 
excess,  tenotomy  of  one  or»  better«  of  both  external  recti,  is  indicated. 
Cases  of  convergence-insufficiency,  on  the  other  hand,  should  be  treated 
by  advancement  of  the  interni.  In  marked  divergent  strabismus  tenot- 
omy of  one  or  both  externi,  combined  with  advancement  of  the  interni, 
usually  has  to  be  done. 

In  hyjjerphona,  if  non-comitant,  we  proceed  according  to  the  rules 
laid  dow^n  for  operative  interference  in  paretic  deviations  (see  g  165). 
In  a  CO  mit  ant  hyperphoria  the  most  successful  operation  is  a  tenotomy 
of  the  superior  rectus,  which  should  never  be  pushed  so  far  as  to  cause 
the  muscle  to  t>ecome  paretic  nor  so  far  as  to  produce  even  a  moderate 
over-correction. — D.] 

IV.  Nystagmus.** 

lÄ.  By  nystagmus'^  or  tremulousness  of  the  eyes  are  meant  short, 
jerking  movements  of  the  eye  which  are  very  rapidly  repeated  andj 
always  occur  in  the  same  direction.  The  movements  of  the  eye,  as  a 
whole,  are  not  affected  by  it.  Different  kinds  of  nystagmus  are  dis- 
tinguished according  to  the  direction  in  which  the  movements  occur. 
Nystagtmin  ofieillaiorhis  is  present  when  the  eyes  are  in  a  state  of  vibra- 
tory movement  which  may  take  place  in  either  a  horiz-ontal  or  a  vertical 
direction  (nystagmus  oscillatorius  horixontalis  et  verticahs).  In  nystag- 
mux  rotatorius  rolling  movements  of  the  eye  about  the  sagittal  axis  take 
place.  Frequently  the  vibratory  are  found  combined  with  the  rotatoryj 
movements  (nyi<iagmus  mixtus). 
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Nystagmus  is  usually  more  pronounced  in  some  directions  of  the 
gaze,  less  pronounced  in  others;  often  it  is  not  constantly  present  and 
does  not  appear  at  all,  except  in  certain  directions  of  the  gaze.  The 
nystagmus  ordinarily  grows  more  marked  if  the  patient  knows  that  he 
is  observed,  or  if  he  is  told  to  keep  his  eyes  still. 

Nystagmus  usually  affects  both  eyes.  It  sometimes  happens, 
though,  that  it  is  less  pronounced  in  one  eye  than  in  the  other,  and  it 
may  actually  be  limited  to  one  eye.  Not  infrequently  nystagmus  is 
associated  with  squint. 

The  most  frequent  causes  of  nystagmus  are — 

(a)  Amblyopia,  when  this  has  existed  since  birth  or  very  early 
youth.  Ophthalmia  neonatorum  is  extremely  apt  to  give  rise  to  it,  if 
this  disease  leaves  corneal  opacities  or  anterior  polar  cataract  behind  it. 
In  other  cases  there  are  very  great  errors  of  refraction,  congenital  opaci- 
ties, or  other  congenital  anomalies  (especially  albinism),  retinitis  pig- 
mentosa, etc.  If,  therefore,  we  have  a  patient  with  nystagmus  to  examine 
for  refraction  and  vision,  we  must  be  prepared  beforehand  for  a  failure 
to  secure  perfect  vision  by  a  glass  of  any  kind. 

In  what  way  does  amblyopia  produce  nystagmus?  Fixation  is  not 
a  faculty  inborn  in  man,  but  has  to  be  learned  by  practice.  Very  small 
children  do  not  perform  fixation,  but  move  their  eyes  about  aimlessly. 
In  what  then  does  fixation  consist?  When  an  excentric  spot  of  the  retina 
has  impressed  on  it  an  image  that  excites  the  attention,  there  is  set  up 
by  reflex  action  an  eye  movement  which  is  just  calculated  to  place  the 
fovea  opposite  the  object.  [As  the  eye  moves  and  the  image  thus  ap- 
proaches the  fovea,  the  image  becomes  more  and  more  distinct,  and  most 
distinct  of  all  precisely  when  the  fovea  is  reached. — D.]  The  moment 
this  occurs  the  movement  ceases,  for  should  the  eye  be  carried  by  the 
position  required  for  fixation,  the  object  would  at  once  appear  more  in- 
distinct again.  But  such  an  inhibition  of  movement  at  the  right  moment 
presupposes  that  as  regards  vision  the  fovea  greatly  surpasses  the  a^jdn- 
ing  portions  of  the  retina.  If — on  account  of  the  affections  above  men- 
tioned— ^this  is  not  the  case,  an  arrest  of  movement  at  the  right'moment 
fails  to  occur,  and  the  eye,  as  it  were,  vibrates  in  small  excursions  about 
the  position  of  fixation,  just  like  the  tremulous  hand  of  an  old  man  that 
is  trying  to  grasp  some  small  object.  Hence,  nystagmus  fails  to  develop 
if  the  amblyopia  does  not  set  in  till  later  in  life,  at  a  time  when  the  eyes 
have  already  learned  how  to  perform  fixation. 

Nystagmus  is  associated  with  no  special  harm  for  the  patient,  for 
the  defective  vision  of  such  cases  is  not  to  be  attributed  to  the  nystag- 
mus, but,  on  the  contrar>%  is  the  cause  of  it.  Nystagmus  often  improves 
with  advancing  age,  but  is  not  susceptible  of  perfect  cure. 

(6)  Nystagmus  is  a  symptom  of  many  cerebral  affections,  particu- 
larly of  disseminated  sclerosis. 

(c)  Nystagmus  develops  in  laborers  in  coal  mines,  owing  to  the  way 
in  which  they  work  in  the  drifts.  This  form  causes  the  patient  very 
considerable  annoyance,  owing  to  the  fact  that  it  makes  all  objects  ap- 
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pear  in  motion,  which  is  not  [usually]  the  case  in  the  0Tdinar>^  nystagmus 
of  amblyopfvs.  iloreover,  this  form  of  nystagmos  is  curable,  ahhoufrh,  to 
he  sun\  only  on  condition  that  work  in  the  cual  mines  is  given  up  eiitireiy. 
When  this  is  clone,  the  nystagmus  after  some  time  disappears  of  itself. 

(d)  Transient  nystagmus  is  set  up  hy  irritation  of  the  endings  of  the 
vestibular  nerve  in  the  semi-circular  canals,  and  therefore  occurs  in  in- 
flammations of  the  inner  ear,  in  syringing  of  the  ear,  and  in  rapid  rotation 
about  the  axis  t>f  one's  o^\^l  body. 

Persona  suffering  from  nystag^mus  are  not  aware  of  it  themselves;  they  learn  of  the 
tremor  of  thtnr  eyes  only  through  information  gi%'pn  by  others.  Many  patient  a  make*  the 
same  vibraf  on"  niuvements  with  their  lieack  as  with  their  eyes, but  in  an  opposite  direetion. 

In  »mall  children  a  combination  of  head-nodding  and  nyHtagmus  occurs  as  a 
transient  afTection  which  is  known  as  spasmiLs  nutans.  According  to  some  it  is  pro- 
duced by  the  chiM's  being  kept  in  a  dark  room,  accordiug  to  others  by  rickety  (cranio- 
tabes),  [The  nystagmus  in  this  case  often  assumes  aberrant  forms  and  may  be  uni- 
lateral«— ^D],    There  arc  also  men  who  can  produce  nystagmus  voluntarily» 

A  certain  degree  of  visual  power  must  be  jiresent  for  nystagmus  to  exist;  persons 
who  are  bom  blind,  or  who  become  totally  blind  ver>"  earlVj  do  not  acquire  nystagmus. 
In  suf'h  persoiw  the  eyes  move  slowly  and  aiml(\ssjy  about ,  making  large  exeurf*ions. 

Miners'  nv?^tagmus  occurs  pvnhi?jivplv  in  thoae  who  work  in  the  coal  drifts.     It 
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affects  haml^anJ^fxcepfuiPcTas"  of  \vork<'rs  known  ivs  pirkmcrT  Alter  theBe  men 
have  workcfl  Hevcrul  yearn  in  the  drifts,  they  notice  thai,  wheti  they  leave  the  drift 
in  the  evening,  everji^hing  dances  before  their  eyes.  This  phenomenon  disappears 
again  in  a  short  time,  but  if  the  work  is  kept  up  reappears,  occurring  earlier  each  time 
and  lasting  longer,  until  the  patient  is  compelled  to  give  up  his  work.  In  the  exami- 
nation of  such  patients  at  the  cotnmenrement  of  their  disease  it  can  be  made  out  that 
nystagmus  takes  place  only  when  the  gaze  is  directed  straight  up^  or  up  and  to  one  side. 
This  fact  fnrniHhe«  the  explanation  for  the  of!eurrenc*?  of  nystagmus.  The  pick  men 
in  many  coa!  minej«  work  in  a  recumbent  position  with  their  eyes  turned  a  good  deal 
upward  and  in  an  obhqne  direction.  This  way  of  looking,  which  causes  a  good  deal  of 
«train,  leads,  when  long  maintained,  to  exhaustion  and  clonic  spasms  of  the  eye  muscles. 

For  the  apparent  movement  of  objects  that  results  from  nystagmus,  see  page  49. 

Tonil'  Hpastna  of  the  ocular  muscles  are  extremely  rare.  Some  eases  of  intermit- 
tent strabismus  (page  738}  belong  under  this  head.  They  are  furthermore  observed 
in  cerebral  affections,  particularly  under  tlic  form  of  conjugate  deviation  (Provost). 
This  consists  in  both  eyes  being  equally  deflected  to  one  aide — the  patient  when  urged 
being  able  at  mo?st  to  bring  them  to  the  middle  line.  As  a  rule  the  eyes  arc  directed 
toward  the  side  of  the  focus  of  disease  in  the  brain — i,  e.,  in  ease  there  Is  a  simultaneous 
hemiplegia  toward  the  side  opposite  the  paralysis.  Conjugate  deviation  consists  in 
a  deflection  of  both  eyes  toward  the  same  side,  the  deflection  being  due  to  spasm  of 
the  appropriate  muscles  and  resulting  from  diseaÄ?  of  one  of  the  centers  for  the  as»oci- 
ation  of  ocular  movements.  Tht*se  cases,  therefore,  are  comparable  with  those  of  con- 
jugate paralysis  (pages  709  and  721),  except  that  the  condition  is  one  of  spasm  instead 
of  paralysin  [see  i)age  7(>lf  TnriK^^pasi|jj^L-LhiL_Qi;^l^  muscles  may  also  occur  an  a 
result  of  Itywtrria.  As  a  rule  th<  rSniere  is  one  oi  spa.snroi  too  ctjTOTTfffJTTB^cles. 
At  evc^y  attempt  to  perf^orr'n  t!x?Ui<»n  o'HlTfTOjr'I'l.'I'lMlfrflirffrnear,  l>otb  ^W  \l  cJnce 
assume  a  position  of  extremt*  *'onvergence,  tlie  pupils  at  the  same  time  being  verj'  greatly 
contracted  and  the  accommmlation  thrown  into  a  Htat4»  of  spasm.  Here,  therefore,  the  | 
three  assoctateil  mnscles — i,e.,  the  intenii,  the  sphincter  pupilla-,  and  the  Hliar>^  muscle 
are  simultaneously  thrown  inlo  a  condition  of  spasmodic  contraction  [see  page  724 j. 

IDERANGEME>fTS   OF  THE  ASSOCIATED   PaR.\LLEL   MOVEMENTS   OF  THE   EyE. 

129  A,^Tlie  derangements  of  the  associated  parallel  movements  of  the  eyes 
oompriae — A,  Paralynii*  and  spftsni  of  the  parallel  movements  (conjugate  paralysis,  con- 
jugate spasm).  B.  Tremor  and  at:ixia  of  parallel  movements  (nystugmujs^  pseudo- 
ny8tagnni?i)      C.  Dissociated  movements. 
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Conjugate  Paralysis  and  Spasm. 

Natures  of  these  Anomalies. — Conjugate  deviation,  i.  e.,  the  condition  in  whidi 
both  eyes  are  deviated  in  the  same  direction,  is  usually  due  to  conjugate  paralytU 
(see  page  709).  Thus  if  there  is  paralysis  of  right  rotation,  so  that  neither  eye  can 
rotate  to  the  right  beyond  the  middle  line,  the  two  eyes  and  sometimes  the  head  also 
are  usually  deviated  to  the  left  by  over-action  of  the  left  rotators. 

In  some  cases  conjugate  deviation  is  due  to  conjugate  spasm.  For  example,  we 
may  find  both  eyes  deviated  to  the  left,  not  because  the  right-rotators  are  paralysed, 
but  because  the  left-rotators  are  in  a  state  of  primary  spastic  contraction.  Such  a 
condition  is  distinguished  from  paralysis  by  the  fact  that,  although  strongly  deviated 
in  one  direction,  the  eyes  can  usually  be  moved  more  or  less  freely  in  the  direct  ion 
opposite. 

Symptoms. — Since  the  deviation  is  alike  in  the  two  eyes,  conjugate  paralysis  and 
spasm  do  not  cause  diplopia.  They  may,  however,  cause  vertigo  and  false  projection 
(A.  Graefe;  M.  Sachs).  In  a  conjugate  deviation  to  the  left,  due  to  paralysis,  the 
patient  would  overshoot  the  mark  when  trying  to  touch  an  object  situated  on  his 
right,  while  if  the  deviation  were  due  to  spasm  he  would  undershoot  the  mark  when 
trying  to  touch  an  object  situated  on  his  left. 

Course. — Conjugate  paralysis  occurs  in  all  degrees  of  intensity ,  being  sometimes 
very  slight,  sometimes  complete.  It  usually  develops  suddenly,  and  is  often  transient. 
The  conjugate  deviation  which  the  paralysis  produces  often  disappears  long  before 
the  paralysis  itself.    This  is  epecially  true  in  cerebral  disease. 

Varieties  of  Conjugate  Paralysis  and  Spasm. — 1.  Paralysis  of  lateral  move- 
ment occurs  under  the  following  forms: 

(A)  Neither  eye,  when  attempting  to  follow  an  object  that  is  moving  to  one  aide, 
say  the  right,  can  move  beyond  the  middle  line.  But  the  left  eye  can  move  to  the  right 
when  converging  on  an  object  which  is  brought  in  towards  the  eyes  in  the  median  plane 
(retention  of  convergence). 

(B)  Neither  eye  can  follow  an  object  tliat  is  carried  to  the  right,  provided  both 
eyes  are  open,  but  the  left  eye  can  follow  the  object  to  the  right  if  the  right  eye  is  cov- 
ered. This  is  really  the  same  case  as  A,  the  movement  inwards  of  the  left  e3re  when  the 
right  eye  is  covered  being  simply  a  movement  of  convergence  (Jeffries,  Moebius). 

(C)  The  right  eye  can  follow  an  ob  jet  t  that  is  moving  to  the  right,  but  the  left 
can  not.  The  left  eye,  however,  can  move  to  the  right  in  performing  convefgenoe. 
This  condition,  w^hich  may  be  called  conjugate  hemiparalysis,  is  thus  distinguished 
from  a  paralysis  of  the  left  internus  in  which  the  left  eye  can  move  inwards  neither 
when  converging  nor  when  attempting  to  make  a  conjugate  movement  to  the  left. 

(D)  Neither  eye  can  follow  an  object  that  is  carried  to  the  right,  and  the  left  eye, 
moreover,  cannot  move  to  the  right  when  attempting  to  converge  (combined  paralysiB 
of  lateral  movement  and  convergence). 

Paralysis  of  lateral  movement  is  sometimes  bilateral — i.  e.,  both  eyes  fail  to  fol- 
low an  object  that  is  carried  either  to  the  right  or  to  the  left,  although  it  may  be  that 
both  can  still  converge. 

^2.  Spasm  of  lateral  movement  occurs  under  the  following  forms: 

(A)  Both  eyes  are  deviated  spastically  to  one  side,  but  can  be  moved  freely  in 
directions  (pure  spasm  of  lateral  movement). 

(B)  Both  eyes  are  deviated  spastically  to  one  side,  and  cannot  be  moved  to  the 
side  opposite  (excessive  spasm  of  one  side-to-«ide  movement,  or  spasm  of  one  side- 
to-side  movement  combined  with  paralysis  of  the  movement  in  the  opposite  direction). 

(3)  Paralysis  and  spasm  of  up  and  down  movements  are  rare. 

Site  of  Lesion  in  Conjugate  Paralysis  and  Spasm. — Paralysis  of  lateral  move- 
ment is  caused  by  destructive  lesion  in — 

1.  The  cerebrum  and  either  in  the  cortex,  in  the  subcortical  association  paths,  or 
in  the  tracts  connecting  the  cortex  with  the  oculo-motor  and  abduoens  nuclei.  Such 
lesions  are  usually  of  sudden  onset  and  associated  with  apoplectoid  sjrmptoms  (coma, 
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hemipl^a).  A  lesion  of  the  right  hemisphere  produces  paratysin  of  raovements  to  the 
jeft,  and  congeqiiently  aj^mjuj^it^FVTemlToh  to  Hie  righi  (the  paHent  hirm  his  eyes 
towards  theJegJonh     iJonvergence  \a  always  retiiined. 

2,  The  pgffJ.  Lestotis  on  tlie  right  »nh  of  the  pons  will  produce  paralysis  of  right- 
hand  nioytfrnCTTTS,  and  vice^^rea — iT  e.^  th^i  oyßs  look  away  from  tlie  lesion, 

iSniall  iRvHions  in  the  pons  involving  the  abducens  nucleus  or  its  hninediate  con- 
neclioTiM  vmiae  paralysi»  of  lateral  movement  without  fmralysis  of  convergence  (paraly- 
sis of  tjTies  A  and  B,  page  764).  Ix^sions  high  in  the  pons  invohing  only  the  fibers 
connecting  the  abilucens  and  the  oculf>-motor  nucleus  produce  a  conjugate  hemipa- 
ralysis  of  the  oppf>«ite  internu)*  for  parallel  movenicntt*  but  not  for  convergence  (typi« 
C,  page  7öi),  LargiT  k\sion.s  in  the  pons  above  anfl  below  the  aMuccns  nucleus  cause 
combined  paralysis  of  lateral  movement  and  coiivergcace  (paralysis  of  type  D,  page 
76i],    (Jeffries,  Sehoeler,) 

3.  The  cerebeUum.  The  deviation  here  is  sometimes  toward  the  lesion  ^  usually 
away  from  it. 

Sjmsm  ol  rfmjwijitf'  mv^tmtnt  is  caused  by  an  irritative  lesion  in^ — 

1.  The^erehmm  (j_n  thft  cortex  ^uly)^     A  Ication  sittiated  un  the  right  side  causes) 
a  spastic  dcviatjon  to  tSe  left^  i.  e.-the  «yes  are  tiuTied  away  from  the  lesion,  * 

2,  llie^pom  (very  rare).    In  this  case  trie  eye«  lonTTtoward  the  lesion. 
Parnhif^i»  of  up  amt  doum  mfnyement  \s  dne  usually  to  a  lesion  involving  the  anterior 

purtH  of  Ivoth  oculo-motor  nuclei  or  the  corp<ira  rpiadrigemina  or  to  one  occupying 

the  middle  line  cicwe  l>ehind  the  corpora  quadrigemina.    It  also  occurs  in  ptms  lesions. 

Some  cases  ifim%ihi(ing  eanjti/jate  paralytns  are  due  to  Bymmctrical  defect  in  the 

muscles  or  to  symmetrical  IcRions  of  the  two  oculo-motor  nei^e«  at  the  base. 


^ 


Tremor  op  the  AssocLiTEO  Parallel  Movements.     Nystaomtjb 

AND    Ps E U DO-N YBTAOMU8 . 

129  8,  Varieties  of  Tremor.— These  are  as  follows:— 

A.  Searching  M<ii'emetiis,  Tkith  eyes  make  an  occasional  wide,  comparatively 
slow,  sweeping  movement  from  tfie  primary  position  in  some  direction,  and  then, 
either  immediately  or  after  a  time,  return  to  the  primary  position.  The  movements 
are  Apparently  purpo^eful^  as  if  the  patient  were  trjingto  liKik  at  an  object  situiUed  to 

F  one  side  of  him.     They  may  take  plat^  in  any  dire^'tion,  vertical,  oblique,  or  horizontal. 

B.  Pgetuio-nystagmus. — One  or  both  eyes  wlien  carried  to  a  point  near  the  limit 
of  their  excursions  in  some  direction,  make  a  s<*nes  of  jerky  movements  on  from  this 
pcjint  and  hack  to  it  again,  but  in  n?turning  do  not  re-pas.s  it.  These  jerks  evidently 
represent  an  extreme  ePTorl  to  keep  up  the  original  exciiirsive  movement  of  the  eyes^ 
the  smooth  steady  pull  of  the  muscle  that  is  i-arrying  the  eye  along  l>etng  converted 
into  a  series  of  discontinuon.««,  Hf^asmodtc  tugs. 

Pseudo-nj'stagmus  is  sometimes  unilateral,  more  often  bilateral, 
r.  Xystiigm Its. — In  nj-stngmiis  the  eye«  make  a  series  of  very  regular,  shorty 
quick  <i«cillalion*i  about  a  central  point.  Nystagmus  differs  from  pseudo-nj'stagmus^ 
first,  in  that  it  often  occurs  when  the  eyes  are  in  the  primary  position  or  near  it,  where- 
a.s  piHeudo-nystagnms  occurs  only  when  the  e^'^^es  are  near  the  end  of  an  exciirsion  in 
some  direction;  »ec<md,  the  movements  in  nystagmus  are  oscillations  to  and  fro  alx>iit 
a  central  point,  while  in  pseudo-nystagmus  they  are  movements  from  a  terminal  point 
and  t)ark  to  it  again;  third,  the  movements  in  j>seudo- nystagmus  are  jerky  and  be- 
sjx^k  effort,  in  true  nystagmus  are  smooth  and  regular,  and,  except  in  miners'  nystag- 
mus, are  not  often  associated  u-ith  a  restriction  in  the  excursive  j^ower  of  the  eyes, 
which  is  vpr\'  fretiuently  present  in  p^eudo-nystagmim. 

In  nystagmus  the  oscillations  may  he  horizontal,  vertical,  njtarj^  (wheeWike), 
liOr  mixed  (combination  of  horizontal  an<l  vertical  or  horizontal  and  rotarj--).  A  pecul- 
Tlar  variety  of  mixed  nystagmus  la  circumductu}n  nystagmus  in  which  by  making  succes- 
[«ive  horizontal  and  vertical  movements  the  center  of  the  cornea  describes  a  circle  or 
'ellipse. 
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True  nystagmus  is  nearly  always  bilateral  and  then  the  movements  are  almost 

(invariably  equal,  simultaneous,  and  parallel  in  the  two  eyes.  Bilateral  nystagmus  is 
usually  horizontal,  less  often  rotary  or  mixed.  Vertical  bilateral  nystagmus  is  rare. 
Very  rare  forms  are  (a)  disjunctive  nystagmus  in  which  the  two  eyes  swing  rapidity 
toward  and  away  from  each  other,  i.  e.,  make  rapidly  alternating  converging  and 
diverging  movements,  or  revolve  toward  and  away  from  each  other;  (b)  diasociattd 
nystagmus,  in  which  the  movements  in  the  two  eyes  are  quite  dissimilar  in  direction 
or  in  extent;    (c)  unilateral  nystagmus. 

In  many  cases  nystagmus  changes  greatly  in  intensity  or  in  character  when  the 
eyes  are  turned  in  some  special  direction,  or  when  they  are  converged,  or  when  either 
or  both  are  covered. 

Etiology  of  Tremor. — Searching  movements  are  found  in  blind  eyes  and  in  cyw 
which  from  disease  at  the  macula  and  other  causes  have  lost  the  power  of  central 

ii/^  fixation.  -fvU^  ua'A- 

^*         Pseudo-nystagmus  occurs  almost  constantly  in  hereditary^ataxia  and  vepuiäfiD-io 
V>     multiple  sclerosis,  but  also  occurs  in  a  great  many  other  nervous  affections  and  often 
/in  persons  who  are  quite  healthy.    It  seems  to  denote  usually  weakness  or  fatigue  of 
the  muscles  which  move  the  eye  in  the  direction  in  which  the  pseudo-nystagmus  occurs. 
Nystagmus  is  caused  by — 

(A)  Conditions  producing  bilateral  amblyopia  in  early  infancy  (oplieal,  infantile, 
or  so-called  congenital  nystagmus).  Such  conditions  are  opacities  of  the  cornea,  especi- 
ally from  ophthalmia  neonatorum;  congenital  cataract;  hemorrhage,  disease,  or 
abnormalities  of  the  retina  and  chorioid;  total  congenital  color  blindness,  and  albin- 
ism. Refractive  errors,  even  when  great,  do  not  usually  cause  nystagmus,  although 
they  may  do  so.  Whether  the  nystagmus  occurring  in  s{)asmu8  nutans  (sec  psfp 
763)  is  optical  or  not  is  uncertain.  Optical  nystagmus  is  probably  not  often  reaDr 
congenital,  but  develops  during  the  first  few  months  of  life. 

Unilateral  amblyopia  very  rarely  produces  nystagmus  but  tends  rather  to  produce 
squint. 

Sometimes  a  nystagmus  dating  from  infancy,  occms  w^ithout  there  being  any 
obvious  l^ion  of  the  eyes  to^canse  itl  In  such  cases,  according  to  A.  Graefe,  the 
nystagffnisjs  probably  attributable  to  a  congenitäl_retinal  hemorrhaop  whicfi^^rfise- 

(luen^3Sred  up.  — I  l^uJ^k  (Ar^^'jJ^T^-'X^^^  i^*vui^ 

XB)  Conditions  developing  itrkUer  hfe  causing  constant  strain  of  the  eyesigm  from 
poor  illumination  or  excessive  strain  of  the  eye  muscles,  or  usually  strain  of  both  kinds 
combined. 

This  variety  of  late  acquired  nystagmus  is  usually  due  to  conditions  incident  to 

the  patient's  occupation  (hence  occupcUional  nystagmus).     The  conunonest  form  of 

this  is  miners'   nystagmus,  also  the  form  occurring  in  compositors,  paper-makers, 

/metaljjollgrs.  etc.,  who  work  with  the  eyes  in  a  constrained  position  (Snell,  £versbu!wh), 

/  anSuniiose  who  work  in  an  insufficient  light  or  under  other  conditions  peculiarly 

|/    tmng  to  the  eyes  (Frost,  Clarke). 

Mf^Mn  In  the  same  category  belong  those  cases  in  which  optical  nystagmus  develops 

I      after  the  age  of  infancy  as  a  result  of  high  astigmatism  or  of  traumatic  cataract. 

Mi^*      (C)  Irritation  arising  from  the  ear  {aural  nystagmus).     It  may  be  produced  by 

N^    actual  disease  of  the  labyrinth,  by  clianges  in  labyrinthine  pressure  due  to  rapid  rota- 

Ak«    tion  of  the  body,  and  by  operative  manipulations  carried  on  in  the  middle  and  external 

/     ear  (probing,  syringing,  etc.). 

(D)  Xerinms  Disease. — True  njrstagmus-oeetirB  frequently  in  multiple  »*lf>ry^w 

(in  12  per  cent  of  the  cases,  according  to  Uhthoff),  also  in  s3rringomyet!aand  in  ^t^ 

heUsLT  disease.    In  other  nervous  diseases  it  is  rare.  "' 

y^    ^E7  Poisons^  especially  ether;    rarely  also  alcohol,   cocaine,  sulphonal,  arsenic, 

/lead,  quinine,  ergot,  and  sewer  gas. 

/  N>T3tagmiis,  whether  infantile  or  due  to  nervous  disease,  is  sometinries  hereditary. 

I  Site  of  Lesion  in  Conditions  of  Ocular  Tremor. — In  optical,  occupational, 

/      and  aural  nystagmus,  there  is  no  actual  lesion  of  the  brain.    In  the  n^'stagmus  of  mul- 
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tiple  sflcrosiö  unci  other  org^anie  nervouH  ilis^ea««»«,  lesions  linve  been  fnyncl  nminly  ir 
tlic  corpora  qimdrigotnina,  corpus  striaimii,  restiform  bodies,  *ff\ibelluiii,  ami  medulla 

Theory  of  Nystagmy»»— rhe  rcumrkable  regubrity  and  parallelism  of  llie  move- 
ments in  nysiagnnLs  show  tlmt  we  liavc  to  deal  wirb  u  pervernjon  of  the  centers  for 
(Kimliel  and  pamllel -rotary  movements  and  not  with  peripheral  lesions  of  the  tniiscles 
tbenisc'Ive-a  or  iheir  nervw.  (See  also  page  702.) 

^bis  tHjK'erted  »tai<«  of  the  asäoeiiition  centers  is  evidently  produte<l  in  r  ptiral 
and  tninenj  nystagmus  by  long  eonlinuefl  abnormal  stimuli  parsing  up  tliroiigh  tlie 
"visual  tratet,  and  in  nuners'  nystagmus  also  through  the  hfth  nerve;  in  aural  nyslog- 
ii\us  by  abnormal  reflexes  passing  tlirougb  the  auciitorj"  nerve  to  the  centers  in  the 
pons  and  jx^rbaiis  also  in  the  corfx>m  (|uailrigpnnna;  while  in  nystugmus  due  to  ner- 
vous disease,  the  association  centers  and  traft«  arx^  probably  alTected  tlirertly. 

Nystagmus  in  all  prohabdity  is  prodnce<l  by  alternate,  just  as  normal  tixatiori  is 
prtHlm-ed  by  «iinuhaneous,  disebarges  of  moti»r  energy  from  tlie  two  sides  cvf  tbi'  brain. 

This  explanation  of  the  imture  of  nysla^nus  holds  good  «ndoubledly  ever»  for 
the  rare  imilateral  and  dissociated  forms. 

Sytnptoms  of  Nystagmus. — There  are — 

1.  ApjMirerd  Movcuiciit  of  Ohjerta.— In  miners'  n>'8tagTmi5  and  aural  nystagmus 
ibis  is  a  very  prominent  and  distressing  s3^npToT^l.  It  is  also  often,  but  not  always, 
pres^ent  in  the  nystagmus  due  to  nervous  disease,  <^n  llie  of  her  hand,  in  optita!  nystag- 
itnis  due  to  infantile  amblyopia,  it  is  very  mrely  pc^rceived.  Sonietimf*s  in  unilateral 
iiystagmua  and,  imder  exceptional  conditions,  in  bilateral  nystagrmis  it  «an  l>e  evoked. 
(A.  Graefc)     E%'en  then,  htjwever,  it  seems  hardly  ever  to  Iw  troubles4jme, 

2,  Readituj  in  Vcrtiral  Liws. — That  the  apf«irent  movement  of  objects,  oven 
when  it  is  not  perceived  by  the  patient,  yet  causes  indistinctness  of  things  seen,  ik 
shown  by  the  fact  that  some  patients  with  horizontal  n>^lagmus  in  reading  bold  the 
l>ook  sideways,  so  that  the  hnes  of  print  run  vertically.  1  his,  to  a  certain  extent,  oli- 
viates  the  confusion  produced  by  the  oscillations  of  the  letters. 

:i.  V'eriM/o.— This  is  marked  in  some  of  the  late  acquired  forms  especially  in  mijiers* 
and  aural   nystagmus. 

4,  Noddirtfj  Moivnwnts  of  Head. — Theise  often  occur  in  optical  nystagmus.  They 
were  formerly  thc»ught  to  l)e  compensatory  in  cJiaracter,  acting  \u  prevent  the  tremor 
of  objei."!«  produced  by  the  oscillation  of  the  eyes.     This  however  is  not  tlie  case. 

5,  Pmtr  VM^iti.  In  mttst  cg^^  of  n_vstjtgfnus  of  infantile  origin^  the  vision  is  t^uite 
p«>or,  and  can^^f  f^  tiriiii(Ui^i^^i^mMTTn^jTTBri^^''^'^'^*^r^?'i'''*  i"^"  *^^  *^'^ 
blurring  uiaf  llie  nystiignnis  prrxiuces^  but  iiUKh  more  to  the*  fmtholngical  condi- 
tion causing  the  nystagmus.  In  tbtise  cases  in  which  tlie  nyslagnnis  increases  greatly 
in  one  direction  of  tlic  gaze  and  diniini.sht*s  in  another,  the  sight  is  very"  murli  bett4*r 
in  tluit  position  in  which  the  oscillation  is  slight —a  fact  which  the  jMitient  gets  to 
appiXM'iate  and  titili^e.  In  miners*  nystagmus  the  disturbance  of  sight  produced  is 
considerable. 

6,  Photophobia  may  l>e  present. 
Course  of  Nystagmus.— Infantile  nystagmus  often  lasts  throiigb  life,  altbongh 

it  may  disappear,  Nystagmus  due  ti>  aural  or  nervous  dis*'ase  persists  as  long  as  its 
«•ause.  Miners'  nystagmus  disappjcars  if  the  patient  gives  up  his  work  and  lives  under 
proper  conditions  as  regards  1 11  unii nation  and  eye-strain.  S'ystagmiis  due  i**  sfiasmtifl 
nutans  and  hysteriii  is  probably  always  transient,     A  tmnsjent  pystagmm  may  abo  _ 

re*itilt  from  traun^ajjsm^tcjioloriiyjjjr  other  causes,  l    k*w.*lf  ^^       a-/ />^^    <kJ!/g^^^i 
"Treat meiit,— Infantile  nystagnnis  isl^vrely  affected  by  any  treatmi^nt.  Alt hougH '  | 

isolated  viisi^t^  liave  l>een  cured  liy  renHJval  of  a  congenital  cataract,  by  tenotomy  or 
advancement  causing  relief  of  a  s<iuitit,  by  exercises  with  a  stercniseope  antl  in  reading 
with  the  aid  of  perforated  diaphragm,  by  exereiaea  in  fixation  in  various  positions  of 
the  gase^  and  by  exercises  with  rotating  pri>ms.  Some  cases  of  nystagmus,  espe<nally 
acquired  nystagmu»,  are  relievetl  by  the  correction  of  ajstigmatism  or  other  refrac- 
tive errors.  In  miners*  and  other  forms  of  occupational  nystagmus  chattge  of  occupa- 
L       tion  is  imperative. 
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Dissociated  Movemektts. 

129  C.  In  some  cases  the  eyes  no  longer  follow  the  law  of  associated  movementi, 
but  each  moves  irrespective  of  the  other.  This  may  occur  in  eyes  that  have  been  to- 
tally bhnd  from  birth,  in  patients  deeply  imder  the  influence  of  chlorofomiy  and  oc- 
casionally in  other  cases.    Various  forms  of  this  anomaly  have  been  described. 

In  one  form  of  partial  dissociation  of  the  ocular  movements  each  eye  on  alternate 
covering  goes  up  or  each  eye  goes  down  behind  the  screen.  In  these  cases  there  may 
or  may  not  be  binocular  fixation  when  both  eyes  are  uncovered. 

Some  of  the  cases  described  as  illustrating  dissociation  of  the  eye  movements 
are  not  really  of  this  character.  Thus  when  several  muscles  are  paralyzed  in  one  eye 
and  yet  this  eye  is  used  for  ßxation,  the  secondary  deviations  of  the  sound  eye,  rapicUy 
changing  their  form  and  varying  their  amount  as  the  eyes  are  carried  in  different  direr- 
tions,  make  it  appear  as  if  the  eyes  were  moving  quite  contrary  to  the  ordinary  laws . 
of  association. — D.] 


CHAPTER  XV. 

DISEASES  OF  THE  ORBIT. 

Anatomy. 

130*  The  bony  orbit  forms  a  quadrilateral  pyramiit  whose  base  cor- 
responds tn  thr  atitt'rior  aperture  ol  the  orbit,  antl  whose  apex  to  the 
uptie  foramen.  Tlie  nasal  walls  cjf  thf*  two  orbits  are  about  parallel  to 
earh  otlier;  but  the  temporal  walls  diver^^e  from  each  other  a  goorl  ileal 
from  behind  forw^ard.  The  nasal  wall  is  the  Hiiimest,  as  it  is  formed  by 
the  laehrymal  lione,  whieh  is  as  thin  as  pajxT,  and  by  the  delicate  lamina 
papyraeea  of  the  ethaioitl  {Fig.  2S4,  T  and  /.,  Fig,  351,  L  and  0«  At  its 
anterior  extremity  it  bears  the  fossa  lacrimalis^  fttr  the  reeeption  of  the 
lachrymal  sac  (Fig,  300,^/?).  In  the  iKjsterior  |Xjrtions  of  the  orbit  are  found 
tlire<"  apertures  which  connect  the  orbit  with  the  parts  adjacent.  The^e 
are:  L  Tire  optic  foramen  (Fig.  351,  o)  which  pastie^^  between  the  two 
roots  ii(  the  lesser  wing  of  the  sphenoid  {k}  into  the  miildle  fossa  of  the 
skull  Through  it  the  optic  nerve  and  Iteneath  the  latter  the  ophthalmic; 
artery  pass  into  tlie  orbit,  2,  The  superior  orbital  fissure  (,s)  which  Ues 
at  the  junction  of  the  upper  an  1  outt*r  wall»  and  is  bounded  by  the  lesser 
and  jycrcniter  winces  of  the  sj>heiif>id  ik  and  g).  It  also  opens  into  thi^  middle 
fossa  of  the  skulb  and  transmits  the  nerves  for  tlie  ocular  muscles  and 
the  first  l)raneh  of  the  trigeminus.  3,  The  inferior  orbital  fissure  (?)  whieh 
is  longer  than  the  superior  orbital  figsure,  and  lies  at  the  junction  t>f  the 
outer  and  the  low^er  wall  of  the  orbit,  l>etween  the  great  wing  of  tlte  sphe- 
noiil  ((/)  and  Um-  superior  maxilla  (M).  It  connects  the  orbit  with  the 
tem]ioral  f(*ssa  (fossa  sphenomaxillaris).  Through  it  the  twigs  of  th«^ 
second  branch  of  the  trigeminus,  the  largest  of  wfiich  is  the  infra-orbital 
nerve»  pass  into  the  orbit. 

The  walls  of  the  orbit  at  their  anterior  margin  become  thickened 
into  a  strong  bony  ring,  the  margin  of  the  orbit.  This  cotistituti's  the 
most  impiirtant  defense  of  the  ey^e  against  external  force,  especially  aliove 
and  below"  wehere  it  juts  farthest  out.  On  the  inner  side  there  is  no  slnirply 
defined  margin  to  the  orbit»  but  here  the  eye  is  protected  by  the  bridge 
of  the  nose.  On  the  outer  si^le  the  orbital  margin  reeedes  the  farthest 
(Fig,  299,  .4),  so  that  here  the  eye  is  most  exptised  to  injuric\^.  At  the 
upper  margin  i>f  the  orl>it  is  found  the  supra-f)rl>ital  notch  designed  for 
the  artery^  and  nerve  of  the  same  name  (Fig.  300,  /,  Fig.  351,  is).  At  the 
lower  margin  of  the  orbit  there  is  a  canal  (the  infra-orbital  canal;  Fig. 
351»  a)  for  the  infra-orbital  artery  and  nerve,  and  this  opens  upon  the 
eheek — by  means  of  the  infra-(jrlntal  foramen  i  Ji,  Fig.  351)— aliout  4  nun, 
beneath  the  orbital  margin.  This  point  and  the  supra-orbital  notch  are 
of  practical  irnjiortance,  as  constituting  the  points  of  exit  of  the  aforesaid 
nerves.  Sensitiveness  to  pressure  at  these  spots  is  a  frequent  sym]>tom 
in  n<^uralgia*  of  the  trigeminus  and  aUo  in  essential  blepharospasm 
49  769 
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The  orbit  is  surrounded  by  several  other  cavities  in  disease  of  which 
it  can  itself  be  implicated.  These  cavities  are  the  nasal  fossse  and  the 
cavities  accessory  to  them— namely,  the  frontal  sinus,  the  antrum  of 
Highmore,  the  sphenoidal  sinus,  and  the  ethmoid  cells. 

The  contents  of  the  orbit  consist  of  the  eyeball  with  the  optic  nerve 
and  the  muscles,  the  lachrymal  gland,  the  vessels,  and  the  nerves.    The 
interstices  between  these  structures  are  filled  with  orbital  fat,  and  the 
whole  is  maintained  in  a  state  of  firm  connection  by  a  system  of  fascia. 
The  latter  display  a  greater  strength  and  a  more  intimate  union  with 
one  another  in  three  places,  viz.:   1.  Along  the  walls  of  the  orbit.    They 
cover  the  latter  under  the  form  of  a  periosteum  (here  called  periorbita), 
and  likewise  make  a  sort  of  anterior  wall  for  the  orbit.     This  anterior 
wall  is  formed  by  the  fascia  (fascia  tarso-orbi talis)  that  starts  from  the 
margin  of  the  orbit  and  is  attached  to  both  tarsi  and  also  to  the  ligamen- 
tum  canthi  internum  and  externum.    These  structures  combined  repre- 
sent the  septum  orbitale,  which,  when  the  lids  are  closed,  shuts  off  the 
orbit  anteriorly  and  keeps  its  contents  in  (Fig.  285).     2.  The  ocular 
muscles  are  surrounded  by  fascias  which  send  out  processes  connecting 
the  muscles  with  each  other,  with  the  lids,  and  with  the  margins  of  the 
orbit  (see  page  688).     3.  Surrounding,  the  eyeball  the  fascia)  are  con- 
densed into  a  fibrous  capsule,  the  fascia  hulhi  (also  called  Tenon's  or 
Bonnet's  capsule).    This  extends  forward  as  far  as  the  conjunctiva  of  the 
eyeball  and  backward  nearly  to  the  optic  nerve.    It  is  thus  open  in  front 
and  behind,  and  may  be  said  to  represent  a  broad  ring  placed  about  the 
eyeball.    It  forms  the  articular  socket  for  the  eyeball,  which  can  move 
in  it  freely  in  all  directions.    The  contiguous  surfaces  of  Tenon's  capsule 
and  of  the  eyeball  are  smooth,  and  are  provided  with  an  endothelial 
covering  (Schwalbe).     The  intervening  space,  Tenon's  space  (/,  Fig.  1), 
must  be  regarded  as  a  lymph  space^  which  is  continuous  posteriorly  with 
the  lymph  space  (supravaginal  space;  s,  Fig.  1)  surrounding  the  external 
sheath  of  the  optic  nerve.    At  the  points  where  the  tendons  of  the  ocular 
muscles  pierce  Tenon's  capsule,  the  latter  is  reflected  upon  the   muscles 
and  becomes  continuous  with  the  fasciae  covering  them  (lateral  invagi- 
nations of  the  muscles,  e  and  öj,  Fig.  1). 

The  blood-vessels  of  the  orbit  arise  from  the  ophthalmic  artery  which 
springs  from  the  internal  carotid  and  enters  the  orbit  through  the  optic 
foramen.  The  venous  blood  leaves  the  orbit  through  the  superior  and 
inferior  ophthalmic  veins,  both  of  which  make  their  way  through  the 
superior  orbital  fissure  to  the  cavernous  sinus,  into  which  they  empty. 
The  above-mentioned  veins  form  numerous  anastomoses  with  the  veins 
of  the  forehead. 

Lymph  vessels  and  lymphatic  glands  are  w-anting  in  the  orbit. 

The  nerves  of  the  orbit  are  motor — these  being  the  nerves  des- 
tined for  the  ocular  muscles — ,  sensory — these  belonging  to  the  first 
and  second  branch  of  the  trigeminus — and  sympathetic.     To  the  outer 

1  [This  19  denied  by  Langer. — D.J 
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side  of  the  trunk  of  the  optic  nerve  lies  the  ciliary  ganglion.  This  con- 
tains motor  fillers  fieri vecl  from  tho  ocylo-motor  nerve  («hort  nx>t),  and 
sensory  filjers  from  thc^  trigeminus  (lonf^  root).  The  short  cihary  nerves 
pass  from  the  ciliary  ganglion  to  the  eye,  through  the  posterior  ilivision 
of  which  they  enter  the  interior  of  the  organ.  The  long  ciliary  nerves, 
which  likowiise  enter  the  eyeball,  do  not  arise  from  the  ciÜJiry  ganglion, 
hut  come  directly  from  the  trigeminus  (from  the  branch  of  it  called  the 
naso-ciliary  nerve),  and  convey  sympatlietic  fibers  which  originate  from 
the  plexus  enveloping  the  carotid. 

Position  of  the  Eyeball  in  the  Orbit. — This  on  an  average  is  such  that 
a  straight-edge  applied  in  a  vertical  direction  to  the  upi>er  and  the  lower 
margin  o(  the  orbit  and  pressed  against  them  just  comes  into  contact 
through  the  closed  lids  with  the  apex  of  the  cornea,  Imt  does  not  sensibly 
compress  the  eye.  Variations  from  this  mean  position  very  freqnently 
occur:  partly  in  consequence  of  individual  differences  in  the  formation 
<*f  the  face;  partly,  too,  on  account  of  «-hanges  in  the  quantity  of  orbital 
fat.  When  corpulence  is  on  the  increase,  the  eyes  jmiject  farther  from 
the  orbit  (goggle  eyes);  but  when  there  is  emaciation,  they  sink  back 
into  their  sockets. 

Pathiilogical  changes  from  the  normal  position  occur  chiefly  in  the 
way  of  a  protrusion  (»f  ihe  eyeball  frnm  the  orh'ti—exophthalmus^  On 
account  of  the  great  imuviilnal  variations  in  the  jKJsition  of  the  eyeball 
small  degrees  of  exoplithalmus  can  be  diagnosticated  with  certainty  only 
when  they  are  limited  to  one  eye,  so  that,  by  making  the  comparison 
with  the  other  eye.  a  guitle  to  the  diagnosis  is  secured.  Higher  degrees 
of  exophthalmus  attra<*t  nur  notice  at  once.  The  protrusion  of  the  eye- 
ball may  advance  so  far  that  the  liils  are  no  hmger  able  to  keej>  the  eye 
I  Jack  in  the  orbit,  and  thus  it  prolapses  in  front  of  the  Vuh—luxuiio  bnlbi. 
The  protrusion  of  the  eyelrall  is  either  directed  straight  forward,  or  there 
is  at  the  same  time  with  this  forward  projection  a  lateral  displacement  of 
the  gh^be  "f  the  eye. 

Exn|)hthalmus  is  caused  either  by  an  increase  in  the  volume  of  the 
orbital  tissue  or  by  a  diminution  in  the  capacity  of  the  orbit.  The  former 
is  nmch  the  more  frequent.  But  exnphthalnms  can  also  l>e  pniduced  by 
a  diminution  of  the  tone  of  the  recti  muscles,  which  draw  the  eye  back- 
ward.    This  is  tlie  case  in  paralysis  or  in  division  (tenotomy)  of  them. 

The  amsequences  of  exophthalmus  when  it  is  of  high  degree  are  ex- 
tremely disastrous  to  the  eye:  1.  The  farther  the  eye  comes  forward, 
the  more  it  pushes  the  lids  apart.  The  palfjebral  fissure  is  therefore 
more  widely  open  anil  more  of  the  eyeball  is  visible  in  it  than  usual. 
In  slight  cases  of  exophthalmus  the  dihitation  of  the  palijebral  fissure  is 
often  more  conspicuous  than  the  actual  protrusion  of  the  eyeball.  The 
fact  of  the  eyeball's  lieing  more  exposed  results  in  symptoms  of  irritation 
upon  the  part  of  the  conjunctiva,  such  as  redness  of  the  ocular  conjunc  tiva 
and  epiphora.  As  the  protrusion  of  the  eyeball  grows  greater,  the  closure 
of  the  lids  liecomes  imperfect  (lagophthalmus)  and  then  the  cornea  begins 
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to  suffer,  because  keratitis  e  lagophthalmo  develops.  This  is  the  most 
dreaded  sequel  of  exophthalmus,  and  one  to  which  regard  has  primarily 
to  be  paid  in  the  treatment  (see  page  650).  2.  The  pressure  which  the 
eyeball  exerts  upon  the  lids  from  behind  leads  to  their  eversion;  ectropion 
of  the  lower  lid  develops.  3.  The  mobility  of  the  eyeball  diminishes  in 
proportion  as  the  protrusion  increases,  owing  to  the  marked  stretching 
of  the  recti  muscles  and  of  the  optic  nerve.  4.  Vision  is  affected  in  vari- 
ous ways.  In  the  cases  in  which,  together  with  the  protrusion  of  the 
eye,  a  lateral  displacement  of  the  organ  is  present,  diplopia  makes  it« 
appearance.  Later  on,  the  vision  of  the  protruding  eye  may  be  abolished 
altogether  by  keratitis  or  by  disease  of  the  optic  nerve.  The  latter,  as 
long  as  the  protrusion  of  the  eye  is  but  slight,  is  subject  to  no  undue 
tension,  its  normal  S-shaped  curve  (see  page  571)  being  simply  straight- 
ened out;  it  is  not  imtil  the  eye  is  caused  to  protrude  pretty  far  that  the 
optic  nerve  is  put  on  the  stretch.  If  this  stretching  takes  place  gradually, 
the  nerve  fibers  often  accommodate  themselves  to  it  in  a  wonderful 
fashion,  so  that  they  preserve  their  conductivity,  and  vision  is  main- 
tained intact;  but  if  the  exophthalmuö  increases  rapidly,  the  optic  ner^-e 
.      owing  to  the  traction  soon  loses  its  conducting  power. 

In  the  growth  of  tKe  body  the  orbit  expands  in  proportion  as  the  ejrebaD  enlaiigeB. 

I  If  the  eyeball  is  backward  in  its  growth,  and  more  especially  if  it  is  entirely  destroyed 
in  childhood^  the  dimensions  ot  the  Orbit  also  ren^ya^n  Hmafli>r.  11/  ini9nsl<l>re,  m  surfi 
cases.it  is  desired  late7~ofrm  life  to  wear  an  artificial  eye,  we  must  content  ourselTo 
with  one  which  is  too  small  when  compared  with  the  other  eye. 

The  inferior  orbital  fissure  is  closed  by  a  fascia  with  which  numerous  smooth 
muscular  fibers  are  interwoven  (musculus  orbitalis  of  MüUer).  These  are  innervated 
by  the  sympathetic. 

The  sitiiation  of  the  eyeball  in  the  orbit  not  only  varies  in  different  men,  but 
may  also  be  unlike  oiT"the-t wo  sides  in  the  same  individual.  This  is  combined  with 
an  asymmetrical  formation  of  the  face,  which  is  frequently  associated  with  a  differ- 
ence jnj,lie  refractioll  uf  Itltt  üyeöT^In  this  case  the  difference  in  position  may  be  only 
apparent,  since  the  myopftneye  is  longer,  and  hence  is  more  prominent,  so  tluit  an  ex- 
ophthalmus is  simulated. 

For  measuring  the  degree  of  exophthalmus,  instruments  have  been  oonstmcted, 
which  ap-ealled  exophthalmometers  or  statometers  (the  most  recent  and  the  best  b 
that  of^ert^fc. 

The  opposite  condition  to  exophthalmus,  namely,  the  recession  of  the  eyebsU 
^to  the  orbit — enophthalmus — occurs:  1.  In  decrease  of  the  orbital  fat  consequent 
^  upon  extreme  emaciation.  In  Asiatic  cholera  this  condition  develops  within  a  few  hours, 
owing  to  the  enormous  loss  of  water  from  the  tissues  (Von  Graefe).  2.  In  diminution 
of  the  orbital  contents  due  to  operations  in  which  a  part  of  them  are  removed  (e.  g.,  in 
extirpation  of  an  orbital  tumor).  3.  In  paralysis  of  the  sympathetic.  4.  After  injuries 
(enophthalmus  traumaticus).  In  most  cases  of  this  luna  tne  traumatism  does  not 
affect  the  eyeball  itself,  but  the  margin  of  the  orbit.  It  is  only  exceptionally  the  case  that 
the  enophthalmus  occurs  right  after  the  injury.  Usually  it  does  not  develop  until  after 
several  weeks  have  elapsed.  The  anatomical  changes  causing  it  differ  in  the  different 
oases.  The  most  frequent  condition  is  a  cicatricial  contraction  of  the  orbital  tissue  or  an 
indirect  fracture  of  one  of  the  orbital  walls  with  depression  of  the  fragment  of  bone  out- 
ward so  that  the  volume  of  the  orbit  is  enlarged,  and  the  eyeball  is  pushed  back  by  the 
pressure  of  the  external  air.  In  one  case  the  eyeball  itself  was  luxated  into  the  antnmi 
of  Highmore  by  a  blow  from  a  cow's  horn.  5.  In  cases  of  intermittent  exophthalmus 
<soe  page  787).   6.  After  the  spontaneoas  subsidence  of  a  pulsating  exophthalmus  (Bron- 
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net).  7.  In  neurotic  atrophy  of  the  face.  8.  Aj  a  congenital  anomaly  of  position .  9. 
In  many  cases  of  congenital  paralyBia  of  the  external  rectus  the  eye  when  ad  ducted 
sinkH  hjirk  into  the  orbit  [generally  because  the  internus  and  an  »nexteimible  btind  re- 
placing the  externus  p)nll  on  the  eye  like  a  pair  of  reinö.    Sit*  page  723. J 

1 .    In  FLA  M  M  ATI  O  N  S. 

(a)  Inflammations  of  the  Bony  Wail  and  of  Ihc  PtTiostcum  of  the  Orbit. 

131.  Periostitis  of  the  bones  of  the  orbit  is  not  rare,  particularly  at 
the  orbital  margin.  Here,  too,  it  is  easiest  to  diagnosticate.  A  hard 
swelling  is  felt  ininiovahly  attached  to  the  bone  and  causing  the  margin 
of  the  orbit  to  appear  thicker  and  misshapen — a  fact  which  is  particu- 
larly striking  when  comparison  is  made  with  the  sharp  margin  of  the 
orbit  on  the  other  side.  In  view  of  the  great  tendency  toward  a-dematous 
.swelling  possessed  by  the  lids  and  the  conjunctiva,  it  is  (luite  conceivable 
that  such  a  swelling  may  be  present  to  a  greater  extent  upon  one  side 
tlian  upon  the  other;  stub  it  is  usually  easy  to  feel  the  tumefaction  of 
the  periosteum  through  the  soft  swelling  of  the  lids.  Moreover,  the 
affected  spot  is  distinguished  by  its  greater  sensitiveness  to  pressure. 

If  the  periostitis  is  situated,  not  at  the  margin,  but  in  the  depth  of 
the  orbit,  the  diagnosis  is  much  more  difficult.  We  have  at  first  simply 
tlie  signs  of  a  painful  inflammation  in  the  deeper  parts  of  the  orbit. 
That  this  inflammation  starts  from  the  periosteum  is  frequently  not 
apparent  until  the  periostitis  leads  to  the  formation  of  an  abscess,  and 
this  breaks  through  to  the  outside*  in  which  case  we  then  come  down 
upon  the  diseased  bone  with  the  sound. 

The  voursc  of  j^erit ostitis  leads  in  favorable  cases  to  complete  resorp- 
tion of  the  periosteal  exudate  or  to  the  formation  of  a  permanent  de- 
posit of  hmie  (especially  in  syphilitic  periostitis);  it  is  more  unfavorable 
when  the  periostitis  goes  on  to  suppuration  which  is  followed  by  caries 
and  necrosis  of  the  bone. 

When  a  periosteal  abscess  develops  at  the  margin  of  the  orbit*  the 
skin  over  the  affected  s|x>t  first  becomes  reddened,  then  becomes  thinned 
by  the  pus.  and  finally  is  perforated.  A  fistula  is  thus  produced,  through 
which  the  sound  passes  down  to  bare  and  roughened  bone.  Afterward 
there  develops  at  the  site  of  the  fistula  the  funnel-shaped  indrawn  de- 
pressitm  that  is  characteristic  of  bone  disease.  The  discharge  of  pus 
from  the  fistula  keeps  up  until  all  the  diseased  \mne  that  has  died  has 
been  eliminateil,  a  process  for  whit^h  not  infrequently  .several  years  are 
required-  Then  the  fistula  heals  and  leaves  an  indrawn,  fuimel-shaped 
scar  attached  to  the  margin  of  the  orbit.  Through  this  can  be  felt  the 
defect  in  the  margin  of  the  orbit  left  by  the  necrosis.  Other  consequences 
which  frequently  remain  are  ectropion  of  the  affected  lid  and  even  lagoph- 
thalmus.  These  two  conditions  result  partly  because  the  tid  becomes 
attached  to  the  margin  of  the  orbit  and  is  draw^n  up  strongly  toward  it, 
partly  because  a  portion  of  the  skin  of  tlie  lid  has  been  destroyed  in 
consequence  of  the  prolonged  suppuration   (Fig.  290), 
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When  the  periostitis  which  has  gone  on  to  the  formation  of  an  ab- 
scess is  situated  in  the  depth  of  the  orbit,  the  disease  runs  its  course  with 
the  symptoms  of  retrobulbar  phlegmon,  which  will  be  described  later 
on.  The  process  is  then  much  more  severe  and  of  longer  duration  since 
it  takes  a  good  while  for  the  pus  to  make  its  way  from  the  depth  of  the 
orbit  to  the  surface.  These  deep  suppurations,  moreover,  may  be  dan- 
gerous to  life,  if  they  are  transmitted  to  the  cranial  cavity  and  give  rise 
to  meningitis  or  abscess  of  the  brain.  In  this  respect  the  periostitides 
of  the  roof  of  the  orbit  are  particularly  to  be  dreaded,  because  at  this 
spot  the  cranial  cavity  is  separated  from  the  focus  of  pus  in  the  orbit 
by  only  a  very  thin  lamella  of  bone. 

The  causes  of  periostitis  are:  1.  Injuries.  This  traumatic  perios- 
titis is  found  most  frequently  at  the  margin  of  the  orbit,  because  this  is 
the  part  most  exposed  to  injuries.  2.  Dyscräsiae,  particularly  scrofula 
(tuberculosis)  and  syphilis.  These  periostitides  are  likewise  localized 
more  frequently  at  the  margin  than  in  the  depth  of  the  orbit,  because  in 
this  case,  too,  injuries  play  a  part  as  exciting  causes.  Injuries  of  a  com- 
paratively trifling  nature,  such  as  bumps  or  falls  upon  the  orbital  margin, 
which  in  healthy  persons  would  remain  without  further  ill  result,  may 
in  people  affected  with  dyscrasiae  start  up  protracted  specific  inflamma- 
tion. Scrofulous  (tuberculous)  periostitis  occurs  chiefly  in  children  and 
principally  affects  the  superior  external  and  inferior  external  margins 
of  the  orbit,  which  are  the  parts  most  exposed  to  knocks;  it  leads,  as  a 
rule,  to  caries.  Syphilitic  periostitis,  on  the  contrary,  is  ordinarily  met 
with  in  adults  and  only  exceptionally  in  children  (those  with  hereditary 
syphilis).  It  belongs  to  the  third  (gummatous)  stage  of  syphilis,  and  for 
the  most  part  appears  as  a  chronic  affection  under  the  form  of  periosteal 
thickening,  more  rarely  as  an  acute  affection  with  suppuration  following 
it.    3.  Suppuration  in  the  accessory  cavities  of  the  nose  (page  787). 

Treatnient  must,  above  all,  have  regard  to  the  etiological  factor.  In 
this  respect  the  best  results  are  obtained  in  syphilitic  periostitis,  wlu^h 
usually  subsides  rapidly  under  a  promptly  initiated  treatment  with  mer- 
cury and  iodide  of  potassium.  As  local  treatment  moist  warm  com- 
presses are  applied,  which  in  the  beginning  favor  resolution,  but  in  the 
later  stages  accelerate  the  softening  of  the  abscess  that  is  in  process  of 
development.  As  soon  as  there  are  signs  that  suppuration  has  taken 
place,  there  should  be  no  delay  about  making  the  incision,  so  that  the 
pus  which  has  accumulated  beneath  the  periosteum  may  not  detach  the 
latter  still  more  extensively  from  the  bone.  Particularly  in  the  case  of 
deep-seated  periosteal  abscesses  is  early  incision  indicated,  even  though 
no  fluctuation  is  yet  perceptible,  in  order  to  prevent  the  transfer  of  the 
suppuration  to  the  brain.  After  the  abscess  has  been  opened,  a  drain- 
age tube  or  a  strip  of  iodoform  gauze  is  placed  in  the  wound,  so  as  to 
keep  it  open  for  the  exit  of  the  pus.  If  caries  or  necrosis  succeeds  peri- 
ostitis, they  are  to  be  treated  according  to  the  general  rules  of  surgery. 
Ectropion  and  lagophthalmus,  which  may  develop  subsequently,  like- 
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wise  cali  for  nlit*f  by  operation.  This  rplief  must  be  jdven  without 
delay  when  the  cornea  is  in  danger  })eeausc  insufficiently  eovered.  In 
other  ctiSCÄ  it  »si  better  to  tiefer  operative  interference  until  the  process  in 
the  hone  has  (-ntirely  liealed,  as  otherwise  the  success  of  the  lid  operation 
might  be  jeo}»arfliz(Ml  hy  the  renewed  formation  of  ahscesseö  and  fistula?. 

(b)  Inflammation  of  the  Cellular  Tissue  of  the  Orbit, 

132,  Inflammation  of  the  orbital  celluhir  tissue — ürbiial  ceUuUtis — 
manifests  itself  by  a  market!  ccdema  of  tlit^  litis  and  conjunctiva  (Chemo- 
sis). An  adaoeiated  symptom  and  the  most  important  of  all  is  the  pro- 
trusion of  the  eyeball,  caused  by  the  swelling  of  the, tissues  behiml  it. 
Because  of  this  [jrotrusion  the  eyehalFs  motility  is  impaired,  and  actual 
paralysis  of  tht-  rye  mosch's  may  be  superailded.  llie  sight  is  often  re- 
duced or  may  evt^n  he  entirely  abolished  owinj;;  to  an  inflammatitm  of  the 
optic  nerve,  which  may  l>e  purely  retrobulbar  or  may  extend  to  the  intra- 
ocular end  of  tht*  nerve,  in  which  case  the  ophthahnoscope  shows  an  inflam- 
matiijn  of  the  ntTve-heatL  The  gland  liehind  the  car  is  swollen.  At  the 
same  time*  there  arc  viotcnt  pain,  fever,  and  not  infrt^quently  also  cerebral 
»ymptoms,  such  as  heatlache,  vomiting,  stupor,  retardation  of  the  pulse,  etc. 

Cellulitis  of  the  orbit  may  subside  by  ai>sorption  of  the  exudate  that 
has  been  depositetl,  and  in  favoral>le  cases  everything  may  return  to  the 
normah  But  often  a  slight  degree  of  exophtiialnms,  or  paralyses  of  tlie 
eye  nmsch»s,  or  atrophy  of  the  optic  nerve  may  be  left.  In  other  eases, 
however,  the  inflammation  goes  on  to  suppuration,  the  condition  being 
then  called  orlnifd  phle/jmon  (  retrobulbar  phlegmon,  retrobulbar  abscess). 
When  the  sympttims  have  reached  their  acme,  the  skin  of  the  lids  at  a 
certain  spot  grows  rctl,  then  shows  a  yellow  discoh^ration,  and  finally  is 
perforated  by  a  discharge  of  pus.  After  the  discharge  of  the  pus,  which  is 
present  in  large  cpnintity,  the  inflammatory  sj-mptoms  in  most  eases 
rapidly  abate  and  the  opening  soon  heals  again.  The  sight  may  suffer 
üermanent  diminution  ur  l>e  altogether  annihilated,  if  tlie  optic  nerve  has 
mvn  imjjlicated  either  through  inflammation  or  through  thrcmbosis  of  its 
vessels.  Dc^tachmcnt  of  the  retina  and  even  suppuration  of  the  eyeljall 
{panophthalmitis)  also  oceasionally  occur  in  retrobulbar  phlegmon.  If  the 
suj>puration  is  carried  over  from  the  orbit  to  the  cranial  cavity,  it  leads 
to  a  fatal  issue  tlirongh  i)nrulent  meningitis  or  abscess  of  the  brain. 

Ketrobylbar  phlegmon  may  originate  from  the  following  causes: 
L  Injuries,  when  the  iMjdy  causing  the  traumatism  enters  the  orbit  and 
carries  infectious  germs  into  the  tissues.  Those  injuries  in  which  a  foreign 
body  is  left  in  the  orbit  are  particularly  dangerous.  Operations,  too, 
such  as  enucleation,  may  cause  orbital  suppuration  if  not  performed  asep- 
tically.  2.  Transfer  of  inflammation  from  the  wall  of  the  orbit  or  parts 
in  the  \icinity  of  the  latter,  such  as  tlie  accessory  cavities  of  the  nose,  to 
the  orbital  cellular  tissue.  3.  Erysipelas;  the  inflammalitju  being  trans- 
mitted from  the  skin  to  the  deeper  parts.  4.  Metiistasc^s  in  pyaemia, 
typhoid  fever,  scarlet  fever»  smallpox,  purulent  meningitis,  influenza,  etc. 
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When  we  have  an  orbital  cellulitis  to  treat,  we  must  first  of  all  try 
as  far  as  possible  to  remove  its  cause.  Under  this  head  belong  the  anti* 
septic  treatment  of  wounds  of  the  orbit,  the  provision  for  the  free  escape 
of  secretion  from  wounds,  the  removal  of  foreign  bodies  from  the  orlnt, 
the  treatment  of  suppurating  accessory  cavities,  such  as  the  ethmoid 
cells,  etc.  The  inflammation  itself  is  combated  by  moist  hot  compresses, 
to  which  may  be  added  the  application  of  leeches  to  the  temple,  cathar- 
tics, diaphoresis,  etc.  If  an  abscess  develops,  the  indication  is  to  open 
it  as  early  as  possible  in  order  to  prevent  the  suppuration  from  spreading 
to  the  brain.  We  introduce  a  sharp-pointed  scalpel  at  the  sp>ot  where  we 
suppose  the  abscess  to  be,  and  do  not  hesitate  to  plunge  it  deep  in.  If 
the  phlegmon  starts  from  the  bone  or  from  the  accessory  cavities,  the 
pus  at  the  outset  of  the  disease  still  lies  beneath  the  periosteum.  Then 
this  must  be  split  along  the  wall  of  the  orbit  and  be  stripped  up  until  the 
pus  is  reached.  The  situation  of  the  abscess  is  inferred  from  the  way  in 
which  the  eyeball  is  displaced.  If,  for  instance,  the  latter  is  pushed  for- 
ward and  downward,  the  abscess  is  to  be  sought  for  in  the  upper  part  of 
the  orbit.  Even  when  we  do  .not  succeed  in  getting  out  any  pus  by  our 
incision,  because  no  abscess  cavity  of  any  size  has  yet  formed,  yet  the 
relief  of  tension  in  the  tissues  produced  by  the  incision  and  the  profuse 
bleeding  exert  a  favorable  effect. 

Chronic  periostitis^  particularly  when  syphilitic,  may  set  up  a  gradually  increasiiig 
thickening  of  the  bones  of  the  orbil,  by  which  the  orbital  cavity  is  progressively  con- 
tracted. The  consequence  is  exophthalmus  and  compression  of  the  nerves  which  ent« 
the  orbit,  so  that  neuralgia  and  paralyses  are  produced.  This  complex  of  symptoms  is 
like  that  seen  in  leontiasis  ossea.  This  consists  in  a  progressive  thickening  of  the  bones 
of  the  whole  face,  a  process  in  which  the  bones  of  the  orbit  share,  so  that  in  this  case, 
too,  the  symptoms  of  contraction  of  the  orbit  with  simultaneous  thickening  of  its  walb 
are  produced. 

It  is  not  always  easy  to  determine  the  starting  point  of  retrobulbar  cdlviiiis.  It 
often  develops  so  suddenly  and  so  without  apparent  cause  that  it  is  no  wonder  that 
the  older  physicians  took  refuge  in  the  explanation  which  attributed  it  to  the  effect 
of  cold.  Recent  discoveries  have  made  us  better  acquainted  with  the  sources  of  ^ 
orbital  inflammation,  which  often  are  very  obscure.  The  conditions  most  often  causing 
inflammation  of  the  9rl^i^  are  prppYPH][^  nf  tl^pj  pflY^fioQ  o/^j^intTniy  \i^  and  in  this  regard 
the  etbmoid  ceils  are  of  more  significance  than  the  mäxillaiy  and  frontal  sinuses,  since 
the  foTmerlCre*scparated  from  the  orbit  by  a  partition  of  bone  no  thicker  than  paper  . 
(cf.  page  787  and  Fig.  353).  Hence  in  every  orbital  cellulitis  not  due  to  external  injuiy  U 
we  should  always  make  a  careful  rhinoscopic  examination  of  the  nose.  |* 

In  other  cases  there  is  a  primary  inflammation  of  the  bony  wall  of  the  orbit  and 
as  the  periosteal  pus  forces  its  way  out  from  the  deeper  parts  it  sets  up  an  orbital  c^ 
lulitis.  More  difficult  to  recognize  is  the  condition  in  which  the  diseased  bone  is  situated 
far  from  the  orbital  cavity,  as,  for  instance,  in  caries  of  the  petrous  bone  or  in  suppura- 
tive periostitis  of  the  alveolar  process  of  the  superior  maxilla.  The  latter  is  the  case  in 
dental  periostitis  or  after  the  extraction  of  diseased  teeth.  The  path  that  the  inflam- 
mation takes  in  these  cases  is  either  along  the  anterior  surface  of  the  upper  jaw  or  thrcni^ 
the  maxillary  antrum,  in  which  the  diseased  tooth  has  already  set  up  an  empyema. 

Orbital  phlegmons  may  develop  in  pharyngitis  and  in  suppurative  parotitis  by 
transmission  of  inflammation  from  behind  forward;  and  by  transmission  from  before 
backward  in  panophthalmitis,  in  abscess  of  the  lids,  and  in  dacryocystitis  acuta,  when, 
as  exceptionally  happens,  perforation  of  the  wall  of  the  lachrymal  sac  takes  place  back- 
ward instead  of  forward. 
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Orbital  phlegmona  muy  Icatl  to  thrombasiH  of  the  cavernous  sinus;  although  ihe 
C5on\'t'r.He  prooesa  may  also  happen — i.  **.,  the  thrombosis  starting  from  a  thromliosed 
cavernous  ninua  may  extonti  until  absre««  in  the  orbit  m  formetJ  too, 

»Symptoms  similar  to  thone  vvhirti  prcj^etit  themselves  in  the  be^nning  of  a  retro- 
bulbar phlegmon  aecom]>any  thromhfUfUH  tff  ihf  rammous  simis.  The  lids  and  the  *^on- 
junc  livii  swell  up  with  unletua,  and  the  ryeball  is  protrudcHJ  and  beeoraes  difheull  to 
move*  The  veins  of  the  retina  are  8(x*n,  u\»m  ophthaimot«H>pie  examination,  to  be  dis- 
tended enurmously  with  blood.  At  the  smiw  rime  there  iw  a  dounjliy  a-dema  in  the 
mastoid  region.  These  symptomn  are  refiTable  to  the  fuel  ihat  the  veins  of  the  orbit 
di^seharge  the  greater  part  of  their  blood  throUKh  the  ophthalmic  veins  into  the  eavcr- 
noiiii  sinus;  hence  lhroml>os>j.H  of  the  latter  produces  stasis  in  the  veins  of  the  orbit,  and 
especially  if  th*»  thrombcHie  f>rfK"e.s.s  is  continued  on  from  the  sinus  into  tht^e  vein«.  The 
Btasis  leads  to  protrusion  of  the  eyeball  und  aliso  to  venous  hypeni  inia  of  the  retina. 
The  a'dema  of  the  mastoirl  region  de]>i^nds  upon  the  fuel  that  in  this:  re^on  an  emissary 
vein  of  Santorini  nhe  emisaarium  mastoideum)  emptii*a  into  the  transverse  sinus,  and 
hence  w^hen  the  thronjbosis  is  carried  along  from  the  ravemous  lo  the  transverse  sinus, 
the  mastoid  region  also  shares  in  the  venou.s  stasis.  When  thin  trdema  i^^  present  (which, 
to  bemire,  is  not  always  the  ca.*w^),  it  forms  an  ini|Mirtant  tliagnostic  sign  between  sinus 
thrombosLs  and  retrobulbar  phlegmon  in  which  latter  it  is  absent-  -V  further  difference 
is  that  sinus  thrombosis  frequently  passes  over  to  Ihe  other  side^  mi  that  the  samr  com- 
plex of  symptoms  deveiops  there  also,  whiles  on  lheconinu*y,  abilateral  orbitid  eclhditis 
would  be  one  of  the  greatest  rarities.  Finally,  sinus  thromi>osis  is  asyot^iateti  with  very 
severe  cerebral  symptoms,  terminated  at  liLst  by  the  onset  of  the  fatal  issue. 

In  occlusion  of  the  sinus  what  we  are  dealing  with  is  either  a  simple  thromWsis 
produced  by  marasmus  or  a  ihromljosis  tlue  to  infection.  The  latter  usually  ^»riginates 
from  a  focus  ol  pus  situated  in  the  vicinity — e.  g.,  from  a  phlegmon  of  the  orbit,  which 
givers  rise  to  a  thrombotic  process  in  the  superior  or  inferior  ophthalmic  vein,  this  t>roc- 
ess  being  then  carried  aver  into  the  eaveOKJUs  sinus.  Thrombnsis  of  the  sirom  niost 
fre(|uenlly  originates  in  a  caries  of  the  petrous  bone,  ihe  thmmbosis  extending  from  the 
sinus  of  the  latter  It  he  petronal  sinas]  to  the  cavernous  sinus.  Suppurative  procei5ät« 
dtarting  from  the  fwsterior  ethmoid  cells,  maxillary  antrum,  or  bucc^d  cavity  (teeth  or 
tonsib)  also  may  lead  to  sinus  thrombosis.  Finally,  thrond:>c>sis  of  the  sinus  may 
be  set  up  by  erysipelas  and  may  also  occur  metastatically  in  pyaemia  and  infect ioua 
diäea»e». 


Tenonitis. — Tenon's  <*apeule  may  be  tmpbeated  in  inflammation  of  the  eyeball , 
8o  that  an  inßammatory  oedema  develop«  in  the  capsule  itself  and  in  the  adjoining 
oettwlar  tissue  of  the  orbit,  and  the  eyeball  is  thus  pushed  forward.  Hence  a  slight 
liegree  of  exophthalmus  is  sometimes  found  in  severe  caaee  of  »ridiJ-cyclitis  ((parti<'u- 
larly  after  injuries).  This  is  quite  regularly  the  V4iae  and  to  &  nmch  higher  degree  in 
panopktlialmitia,,  in  which  exophthalmus  is  one  of  the  most,  constant  and  strikmg 
symptoms.  After  the  subsidence  of  the  inflammation  extensive  adheisioiis  are  formed 
between  Tenon^s  capsule  and  the  eyeball— a  fact  of  wliieh  we  c&n  convince  ourselve« 
if  an  enucleation  is  sul>8e*piently  performed.  Exudation  into  Tenon's  sftac^  also  fK"<'urs 
after  it  lias  been  laid  o|>en  by  injuries,  and  jmrtlcularly  after  sijuint  operations,  when 
infection  of  the  wound  has  tidcen  place  from  dirty  inist rumen t^s. 

There  is  also  a  primary  scmu^^  tenonitvi.  The  syiiiptonis  of  this  rare  di^tea^  can 
be  beat  gathercii  from  the  description  of  the  foDowing  ease  which  I  myself  oWrved 
years  ago:  If  concerne<i  a  w^oman  of  fifty-eight  years  of  age,  otherwise  healthy,  in 
whom  the  disease  had  begun,  without  known  caiLse,  six  days  lief  ore  ahe  eame  under 
'tny  observation.  I  found  the  skin  in  the  vicinity  of  the  lids,  and  stiH  more  the  lids 
themselves,  very  swollen  and  oedematotis,  so  that  the*  eyes  eotdd  l>e  opened  to  only 
a  very  small  extent  incleed  by  sfxjntaneous  effort.  When  I  drew  the  lids  a[mn  1  found 
the  eye  prominent  and  almost  immovable.  Tlie  conjunct iva  of  ihe  lids  was  but  modtjr* 
ately,  that  of  the  eyeball,  tm  the  other  hand,  quite  markedly,  injected,  and  the  latter 
was  so  greatly  swollen  as  to  form  a  thick  protul^rance  projecting  from  all  sides  over 
the  cornea.    The  secret  loti  was  not  in<Te4ifie<l.     The  cornea  and  also  the  deep  portions 
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of  the  eye  were  healthy,  and  vision  was  normal,  except  that  there  was  diplopia  due  to 
the  impaired  mobility  of  the  eyes.  The  disease  was  associated  with  mockmte  pain, 
and  particularly  with  a  sense  of  pressure  and  tension  of  the  eyes.  The  treatment 
consisted  in  the  administration  of  an  infusion  of  jaborandi,  in  order  to  produce  r^iid 
absorption  of  the  exudate  by  means  of  profuse  diaphoresis.  Under  this  treatment 
the  cedema  and  the  protrusion  of  the  eye  gradually  went  down,  so  that  when  the  patient 
four  weeks  later  was  discharged  from  the  clinic,  the  condition  of  the  e3res  had  become 
once  more  perfectly  normal. 

The  causes  of  tenonitis  are  obscure;  gout,  rheumatism,  and  refrigeration  are  the 
etiological  factors  that  have  been  held  accountable  for  it.  Some  cases  (anwng  them 
one  case  of  primary  purulent  tenonitis)  have  been  observed  as  a  result  of  infliifnia. 
The  disease  tends  to  relapse,  but  leaves  no  permanent  bad  results  behind. 

Tenonitis  like  orbital  cellulitis,  is  characterized  both  by  oedema  of  the  lid  and  the 
conjunctiva  and  by  protrusion  of  the  eyeball.  The  distinction  between  the  two  af- 
fections is  to  be  made  from  the  amount  of  protrusion  of  the  eye  compared  with  that 
of  the  Chemosis.  If  the  latter  is  very  pronounced  and  the  exophthalmus  is  sUght, 
a  tenonitis  must  be  assumed  to  exist;  while  in  retrobulbar  cellulitis  even  when  the 
protrusion  of  the  eye  is  marked,  the  Chemosis  is  often  not  very  great  and  may  even 
be  confined  to  the  area  occupied  by  the  interpalpebral  fissure.  Frequently,  however, 
it  is  impossible  to  distinguish  certainly  between  the  two  sets  of  cases,  which  in  fact 
are  not  sharply  differentiated  even  anatomically.  I  have  no  doubt  that  many  casei 
which  were  formerly  called  tenonitis  would  now  be  regarded  as  orbital  oellulitis. 

II.  Injuries. 

133.  Injuries  of  the  orbit  affect  either  the  soft  parts  alone  or  the 
bones  as  well.  Injuries  of  the  soft  parts  originate,  as  a  rule,  from  the 
penetration  of  a  foreign  body  into  the  orbit,  the  lids  and  the  eyeball 
being,  of  course,  very  frequently  implicated  at  the  same  time.  The  di- 
rect consequence  of  the  injury  is  an  extravasation  of  blood  into  the 
tissues  of  the  orbit.  If  this  is  considerable  it  causes  exophthalmus,  and 
also,  since  the  blood  oozes  slowly  forward,  it  comes  into  view  beneath  the 
conjunctiva  and  the  lids  under  the  form  of  an  ecchymosis.  Paralysis 
of  the  ocular  muscles,  too,  may  be  produced  by  the  injury,  and  so  also 
may  lesions  of  the  optic  nerve,  the  latter  entailing  as  their  direct  result 
partial  or  complete  blindness.  It  also  happens  sometimes  that  the  eye- 
ball is  driven  out  of  the  orbit  by  the  foreign  body  which  has  penetrated 
into  the  latter,  and  is  thus  found  lying  in  front  of  the  lids  {liLxatio  bulbi 
traumatica).  This  is  most  apt  to  happen  when  the  body  that  causes 
the  injury  enters  from  the  outer  side,  since  here  the  wall  of  the  orbit 
recedes  the  farthest — about  as  far  back,  in  fact,  as  the  plane  of  the 
equator  of  the  eyeball.  There  are  parts  of  the  world  where  such  in- 
juries are  purposely  inflicted  in  brawls,  the  eye  being  pried  out  of  its 
socket  by  the  thumb,  which  is  thrust  into  the  orbit  from  the  outer  side. 
Insane  patients  have  sometimes  enucleated  one  or  both  of  their  own 
eyes  in  this  way.  Ordinarily  the  luxated  eyeball  is  lost,  but  cases  are 
known  in  which  after  reposition  the  eye  healed  again  in  its  place  and 
retained  its  visual  power. 

Injuries  of  the  bone  are  most  frequently  produced  by  gun  shot  (es- 
pecially a  shot  in  the  temple  in  attempted  suicide)  and  the  action  of  a 
contusing  force  (e.  g.,  by  a  blow  or  a  fall)  upon  the  margin  of  the 
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orbit.  They  are  easy  to  diagnosticate  when  they  atfG(*t  the  margin  of 
the  orbit  itself.  The  site  of  a  fracture  in  this  locuUty  us  vevognhf^d  by 
,he  unevenness^  the  sensitivenesi^  to  pressure,  and  in  extreme  Cii^eö  by 
»he  crepitation.  When  in  consequence  of  the  fractui-e  the  orbit  is 
made  tu  coniniunicate  with  the  neif^hboring  cavities»  emphysema  may 
develop  in  the  orbit.  Wherever  the  air  has  accumulated  in  anterior 
portioiiH  of  the  orbit,  it  can  be  felt  throup;h  the  lids;  but  air  that  has 
CO  rue  out  l>ehind  the  eyeball  makes  its  presence  manifest  by  exophthal- 
mus.  Whether  such  an  exophthalmuij  is  caused  by  exuded  blood  or  by 
air  can  be  determined  by  noting  that  in  the  latter  viiHe  the  protruded 
eye  can  be  pushed  back  into  the  orbit  again  with  the  tinger,  Kiiice  the 
air  is  displaced  liy  the  pressure.  On  the  other  hand,  the  exophflialrnus 
iä  increased  by  straining  during  the  acts  of  coughing,  blowing  the  nose, 
etc.,  owing  to  the  fact  that  fresh  supplies  of  air  are  forced  into  the 
orliit. 

The  injury,  if  no  important  organs  have  been  destroyed,  may  heal 
after  the  resorption  of  the  extravasated  blood  with  a  restitutio  ad  in- 
tegrum. In  other  cases  disturbances  of  motility  of  the  eyelmll  remain, 
owing  to  its  adhesion  to  the  neighboring  structures,  or  as  a  result  of 
paralysis  of  the  ocuhir  muscles,  ^toreover,  if  the  opti*-  nerve  has  been 
injured,  permanent  blindness  of  the  eye  may  ensue.  Still  worse  are  the 
cases  in  which  the  injury  results  in  a  phlegmon  of  the  oriiit,  in  which 
case  it  may  even  end  fatally. 

Treatment  in  the  case  of  a  recent  injury  consists,  in  the  first  phice, 
in  careful  cleansing  and  disinfect it>n  of  the  wound.  If  \vc  susj>ect  the 
existence  of  a  foreign  liody  in  the  orbit  we  endeavor  t«j  extract  it;  but 
foreign  bodies»  such  as  small  shot»  etc.,  which  are  known  to  have  the 
power  of  becoming  incorporated  in  the  tissues,  may  he  left  in  the 
orbit.  After  taking  cure  that  any  secretions  that  form  in  the  wound 
shall  have  free  exit  (by  the  introtluction  of  a  drainage  tu}>e  or  of  a  atrip 
of  iodoform  gauze),  we  apply  an  antiseptic  dressing.  If  there  is  an  ex- 
cessive degree  of  exophthalnms,  a  pressure  bandage  «»ontributes  to  the 
rapid  absorption  of  the  blood  or  (in  the  case  of  emphysema)  of  the  air. 
As  soon  as  the  symptoms  of  deep  suppuration  have  set  in,  we  must 
proceed  as  in  the  case  of  a  retrobulbar  phlegmon. 

Emphyaetna  of  the  arhlt  and  lids  dev«*loj3K  after  a  fontiü^ion  affecting  the  eye. 
By  tho  fort'e  that  avln  on  it,  the  oycljall  i«  driven  tjack  into  tlie  orl>it,  ami  the  orbital 
fat  if*  tTiarle  to  nn^ede  to  one  side,  lint  it  ni^^t»  wttti  a  linn  iTa*tistaMtx»  in  the  wall  of 
the  frrlii!  fTVTryw'here  except  on  the  na^^al  wall  which  \h  formed  of  ilie  thin  latniiui  pipy- 
racea«  Thin  \h  piLshcd  in,  and  thus  one  of  the  etlnnoid  c^üa  is  put  in  communication 
with  the  ceUular  tiKHne  of  the  orbit.*  I'he  mere  presence  of  snch  a  c*omnninicalion 
between  the  orbital  tissue  and  a  pneumatic  cavity  does  not  suffice  to  produce  emphy» 
setna;  to  effect  tin»,  air  miwt  be  driven  through  the  fnicture  into  the  orbital  tissue. 
Ordinarily  this  occurs  from  blowing  the  nose,  in  dt)ing  uhitdj  strong  cxprrat ion  is  made 


*  If  the  t*ontu«ioni  has  rp«ulti*fl  in  n  rupturr  of  ttip  «clofaf  rrnphyüeina  doiw  not  ilevi*lop,  lii^cauM 
the  oyeliöji  beitut  «lUnparwt  doe**  tml  pu««h  Kh**  iprhniil  ful  aside  wiOi  «»noujBth  foxco  to  prTJ4iuc<»  thin  ro» 
Bult,  Emphyi^eniB  antl  mpturt*  uf  the  »rtera,  lliercforo»  although  buOi  iir«  coa.-wpqun'ncc*  of  a  contu 
ftfT^tintc  the  eye,  are  mutually  incompatible  eNiiiditio»»* 
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while  the  nasal  orifioe  is  kept  shut  and  consequently  the  air  in  the  nasal  foan  if  pot 
under  high  pressure.  Thus  is  explained  the  circumstance  that  emphysema  often  do« 
not  develop  until  several  hours  after  the  injury  and  then  quite  suddenly  when  xJtm 
patient  blows  his  nose.  Violent  blowing  of  the  nose  in  some  rare  cases  has  prodnwd 
emphysema  even  when  there  was  no  antecedent  injury.  This  happens  in  men  in  wboa 
the  lamina  papyracea  has  particularly  thin  spots  which  are  forced  open  by  the  heiglit- 
ened  pressure  of  the  air. 

The  air  which  passes  through  the  fracture  in  the  lamina  papyracea  gets  first  into 
the  orbital  tissue  (orbital  emphysema).  The  eyeball  is  driven  forward  and  so  is  the 
tarso-orbital  fascia  which  is  squeezed  against  the  skin  of  the  lids  so  that  the  lidfl  in 
their  whole  extent  are  stretched  tight  hke  a  drum  and  protrude,  for  which  reason  that 
cases  are  usually  regarded  as  an  emphysema  of  the  lids.  Owing  to  the  entrance  of  air 
behind  the  septum  orbitale  (see  page  616)  the  lids  are  squeezed  together  and  the  pal- 
pebral fissure  is  narrowed,  while  in  exophthalmus  of  other  kinds  the  lids  are  pressed 
apart  by  the  eye.  If  the  pressure  under  which  the  air  enters  the  orbit  is  particularly 
high  and  in  addition  the  tarso-orbital  fascia  is  w^eak  (as  is  the  case  in  old  age)  the  air 
may  break  through  the  fascia  and  then  gets  under  the  skin  of  the  lids — orbHo-palpe- 
bred  emphysema.  We  can  then  feel  the  air  beneath  the  thin  skin  of  the  lids  much 
better  than  we  can  when  it  is  beneath  the  tightly-stretched  fascia.  Moreover  the  swiell- 
ing  extends  to  the  free  border  of  the  lid,  while  in  the  other  case  it  stop»  at  the  convex 
border  of  the  tarsus  where  the  fascia  is  attached  (Heerfordt).  A  purely  palpebni 
emphysema  without  implication  of  the  orbit  is  extremely  rare.  It  occvuis  when  the 
point  at  which  the  air  enters  the  tissue  lies  in  front  of  the  septum  orbitale,  e.  g.,  in  con 
of  injury  of  the  lachrymal  sac. 

Deep  fractures  of  the  orbit  without  fracture  in  the  margin  may  be  produced  bj 
deeply  penetrating  foreign  bodies,  but  may  also  be  caused  apart  from  these  and  in- 
directly (by  cont recoup).  This  is  the  case,  for  example,  after  a  fall  upon  the  head, 
the  dropping  of  a  heavy  weight  .upon  it,  etc.  Such  fractures'  when  deeply  situated 
can  only  be  suspected  from  the  fact  that  they  are  accompanied  by  orbital  hemorrlia^, 
which  manifests  itself  by  a  suddenly  developing  exophthalmus  and  the  appearance 
later  on  of  ecchymosis  of  the  conjunctiva  and  the  lids.  A  further  diagnostic  point 
would  be  supplied  if  directly  after  the  injury  partial  or  total  blindness  were  detennined 
to  exist  along  with  a  normal  appearance  of  the  eyeball.  This  condition  would  necee- 
sarily  be  referred  to  an  injury  of  the  optic  nerve  in  the  canalis  opticus,  into  the  wall 
of  which  the  fracture  extends  (Holder  and  Berlin;  see  page  595).  Similar  symptomt 
also  at  times  accompany  fractures  of  the  base  of  the  skiül,  except  that  in  this  case  the 
exophthalmus  is  wanting  and  the  ecchymosis  of  the  conjunctiva  and  lids  sets  in  stil 
later,  since  the  blood  takes  a  longer  time  to  push  its  way  so  far  forward. 

Spontaneous  hemorrhages  into  the  orbit  are  of  extremely  rare  occurrence,  tak- 
ing place  as  a  consequence  of  whooping-cough  or  in  persons  who  in  general  are  pre- 
disposed to  hemorrhages. 

Contusion  of  the  Eye. — It  may  be  of  service  to  the  general  practitioner  to 
give  a  brief,  comprehensive  presentation  of  all  the  consequences  which  contusion  of 
the  eye  or  of  the  adjoining  parts  may  entail.  The  physician  before  whom  a  case  of 
this  kind  comes  will  deduce  from  this  sunmiary  the  changes  that  may  possibly  be 
present.  He  will  then  look  for  these  changes,  and  thus  perhaps  will  arrive  at  the  dis- 
covery of  lesions  of  this  sort  which  otherwise  might  have  escaped  hini  because  they 
are  not  very  conspicuous.     The  changes  produced  by  contusion  are: 

In  the  lids,  ecchymoses,  emphysema,  solutions  of  continuity. 

In  the  margin  of  the  orbit,  fractures  with  or  without  displacement  of  the  frag- 
ments. 

Changes  in  the  position  of  the  eyeball  including  exophthalmus  which  may  be  caused 
by  the  effusion  of  blood  or  air  (emphysema)  into  the  retrobulbar  tissue  or  by  the  for- 
mation of  an  arterio-venous  aneurism  due  to  rupture  of  the  carotid  into  the  cavemoi» 
sinus  (page  786).     [Enophthalmus  may  also  occiu-  (page  772). — D.J 
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The  t^^nsion  of  the  eyeball  is  greatly  reduced  when  a  perforation  of  the  tunicB 
of  the  eye  has  taken  plac*e.  Hat  the  tension  nmy  U?  found  to  Ix?  temporarily  dinun- 
istjed  even  apart  from  any  gross  material  lesion,  this  alteration  being  then  due  to  a 
decrease  in  the  fluid»  of  the  eye  and  particularly  of  the  vitreous  (LeplnD,  which  again 
must  lie  regarded  as  a  consequence  of  a  disturbance  of  nutrition  dependent  upon  ner- 
Vuuä  influence. 

In  the  conjuruiiva,  eechyiiio»ci«,  ktx^rutions  (with  or  without  coineidenl  scleral 
rupture). 

In  the  cornea^  epithelial  desquamation,  and,  later  on,  deep  non-suppuralive  in- 
flammations;   rarely  purulent  procesKes  or  rupture  of  the  cornea. 

In  tiie  aqueous  chamber  and  the  vitreous,  effusion  of  blood  (hyphjfnia,  hienioph- 
thulmus). 

In  the  im,  iridodial^^sfis  partial  or  complete  (aniridia  traumatica),  radial  lacera* 
tions,  mcession  of  the  iris,  likewise  paralysis  of  the  iris  (mydriasis)  with  or  without 
paralysis  of  acconunodation. 

In  the  letiA,  oHtigniatism,  sublu?fa!ion,  and  luxation  due  to  partiid  or  compiete 
lurcration  of  the  zonula,  likewise  the  formation  of  cataract. 

In  the  sclera,  rupture  in  the  anterior  division,  attended,  it  may  Ik*  with  pro  laps«» 
of  the  itvea,  the  lens,  or  the  vitreous. 

In  the  chiri4fiif  and  reHmt,  extravasations  of  blood,  detachment,  rupture;  in  the 
retina  alone,  cloudiness  (commotio  reiiuip). 

In  the  up(tr  nen'c,  compression  by  effusi^^n  of  lilotHl,  and  contusion  or  rupture 
by  fracture  taking  place  in  the  optic  canal. 


III.   Basi:i>u\v\s  Disease. 

134,  Basedow's  disease  belongs  to  tbe  domain  of  internal  medit'Jne, 
and  hence  can  be  coiisidered  ht^re  only  in  .so  fur  as  exophthaimus  be- 
longs among  its  must  iniportant  symptoms.  This  exoitbtiuilnius  is 
bilateral;  the  eyes  are  pusbed  straight  forward,  sometimes  but  little, 
sonietinies  to  such  a  great  extent  that  they  t^an  not  any  longer  be  per- 
fectly covered  by  the  lids.  Even  whe!i  the  exofdithnlmus  is  great,  there 
is  little  or  no  limitation  of  mobility  of  the  eye.  It  is  obvious  that  when 
the  exoplithalmus  is  eoiisiderable.  it  l>ecomes  noticeable  at  tbe  first 
glance;  but  even  when  the  protrusion  is  slight  the  peculiar  apf>ear- 
ance  of  the  eyes  strikes  one  at  once.  This  appearance  is  caused  by  the 
fact  that  the  upper  lids  are  raised  unusually  high.  The  eyes  look  as 
if  forced  wide  open,  and  give  the  patient  an  expiession  of  itKStonisbment 
or  fear.  When  the  t^yes  are  depressed  the  ui)per  lids  do  not  descend  in 
proportion  with  the  eyebalh  but  remain  elevated,  so  that  a  broad  portion 
of  the  sclera  is  visible  above  the  cornea  (Von  Graefe's  symptom).  Wink- 
ing takes  place  less  frequently  (Stelhvag's  symptom),  and  hence  desicca- 
t'um  of  the  deficiently  covered  cornea  is  favored.  Convergence  of  the 
eyes  is  rendered  difficult  (Moebius'  Ryraj>tonv).  f Eversion  of  the  upper 
lid  is  sometimes  difficult  {Gifford).^r-DJ  The  eyeball  itself,  as  long  as 
the  cornea  has  not  yet  suffered  harm,  is  normal  and  the  visual  |>ower  is 
gootl     Sometimes  there  is  pulsatlofi  of  the  retinal  arteries. 

The  two  other  ntain  symjitoirts  of  Bastnlow^s  tlisease  are  the  .nvelbng 
of  (he  thyroid  giami  and  the  ac(?elcration  of  the  heart's  action  Uachy- 
mrdia).  The  former  is  distinguislied  from  ordinary  goitre  by  the  fact 
that  when  the  hand  is  placed  upon  tht^  thyroid  gland  it  feels  the  strong 
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movement  of  pulsation  in  the  arterial  vessels,  which  is  communicated 
to  the  entire  gland.  So  also  the  carotids  are  found  to  be  dilated  and 
strongly  pulsating.  The  intensity  of  the  heart  beat  is  increased,  the 
frequency  of  the  pulse  is  regularly  over  a  hundred.  The  slightest  bodily 
exertion  or  mental  excitement  at  once  increases  the  frequency  of  the 
pulse  very  considerably.  The  physical  examination  of  the  heart,  apart 
from  the  enlargement  of  the  left  heart,  gives  a  normal  result.  In  patient« 
with  Basedow's  disease  there  are  almost  always  vibratory  tremor  and 
increased  secretion  of  sweat.  The  general  state  of  the  patients  is  di:*- 
ordered  to  this  extent  that  they  are  for  the  most  part  very  excitable, 
and  suffer  from  the  symptoms  of  anaemia  or  chlorosis.  Not  infrequently 
rapid  emaciation  is  present,  even  when  the  appetite  remains  good. 

The  disease  principally  attacks  women,  beginning  at  the  time  of 
puberty,  and  extending  up  to  the  appearance  of  the  menopause.  Men 
rarely  suffer  from  it. 

Basedow's  disease  generally  develops  quite  gradually.  Palpitation 
usually  sets  in  first,  and  with  this  is  afterward  associated  the  thyroid 
dilatation,  and,  last  of  all,  the  exophthalmus.  As  a  general  thing  it 
takes  months  or  even  years  before  all  the  symptoms  of  the  disease  are 
distinctly  marked.  Then  it  usually  remains  at  the  same  point  for  years, 
after  which  it  subsides  again  very  gradually  and  not  without  leaving  a 
tendency  to  subsequent  recurrences.  In  many  cases,  however,  the  disease 
is  not  recovered  from,  but  remains  until  the  patient's  death,  nay,  more, 
it  may  even — by  the  exhaustion  or  the  complications  which  it  produces- 
be  itself  the  cause  of  death.  As  a  general  thing  the  disease  runs  a  severer 
course  in  men  and  in  elderly  people  than  in  women  and  in  the  young. 
Basedow's  disease  is  a  source  of  danger  to  the  eyes  from  the  fact  that 
when  the  exophthalmus  is  of  a  pretty  high  degree  closure  of  the  lids 
is  imperfectly  performed  and  keratitis  e  lagophthalmo  develops.  In 
this  way  blindness  of  one  or  even  of  both  eyes  may  be  produced. 

Treatment  need  be  considered  here  only  in  so  far  as  it  relates  to 
the  eyes.  The  exophthalmus  requires  treatment  only  when  it  leads  to 
imperfect  closure  of  the  lids  and  thus  endangers  the  cornea.  In  this  case 
we  must,  by  bandaging  the  eyes  at  night,  provide  for  their  being  covered 
during  sleep.  If  the  bandage  turns  out  to  be  insufficient,  we  must  per- 
form tarsorrhaphy,  by  which  the  palpebral  fissure  is  permanently  closed 
in  its  outer  portion. 

Basedow's  disease  was  first  described  as  a  special  form  of  disease  by  EngUsh  phy* 
dicians,  and  particularly  by  Parry  and  afterward  by  Graves,  and  hence  it  is  even  now 
called  Graves's  diseajse  by  the  English.  These  authors,  however,  had  not  reoogniaed 
the  exophthalmus  as  being  one  of  the  essential  symptoms  of  the  disease;  this  was 
first  done  by  Basedow,  who  in  1840  did  the  pioneer  work  in  demonstrating  the  whole 
triad  of  symptoms  of  the  disease. 

In  marked  cases  no  disease  is  easier  to  diagnosticate  than  this;  even  from  a  dis- 
tance we  can  tell  what  the  patient's  trouble  is.  But,  on  the  other  hand,  there  are 
numerous  cases  in  which  some  of  the  symptoms  are  less  pronounced  or  are  even  want- 
ing altogether,  so  tliat  the  diagnosis  becomes  difficult.  Taking  only  the  exophthalmus 
into  account,  we  find  that  it  may  be  slight,  absent  altogether,  or  confined  to  one  eye. 


r. 


DISHASES  (JF  THE  ORBIT 

When  c*xophlhiiliiiuö  is  absent,  Von  Grivefe'«  i*ymptcim  is  still  sometimea  present»  m 
that  it  is  not  to  be  regarUed  as  due  simply  to  the  exoph  thai  mas;  but  it  too  ia  not  eon- 
fltantf  and  in  the  same  a^ae  may  be  «ometirat^  presentj  sometimes  vvuntinp;. 

Precisely  as  the  separate  aymptoms  of  Ba'sedow's  dineafse  may  show  great  varia- 
tions in  the  extent,  of  their  development,  so  also  may  the  course  of  the  disease  vary 
exceedingly.  Although  as  a  rule  this  Is  very*  chrtjnic,  yet  cast^  are  known  in  which  the 
diseaBc*  had  a  most  acute  onset.  Trousseau  telb  of  a  woman  in  whom  the  symptams 
o(  the  disease  developed  in  the  course  of  a  single  night,  which  öhe  had  spent  in  tears, 
lanienting  her  father's  death.  The  svibsequeut  progress  of  the  disease,  too,  may  be  so 
S^veedy  that  within  a  few  wi^-ks  it  leadjs  to  recovery  or  to  death. 

The  cause  of  Basedow'«  disease  is  assumed  to  be  a  poisoning  of  the  body  by  the 
secretion  of  the  ihyrokl  gland,  the  result  of  wliich  is  that  a  disturbance  of  innervation 
is  set  up,  80  far  as  the  eye  i.s  concerned^  it  is  the  sympathetic  whose  function  appears 
to  be  disturlKnL  In  cotLsequence  we  fmd  a  dilatation  of  the  vessels  in  the  district  sup- 
plied by  the  carotids— a  dilatation  which  is  manifest  even  to  external  observ'ation  in 
the  pulsation  of  the  carotid.s.  It  is  owing  to  this  (hatention  of  the  arterial  vessels  in 
the  thyroid  gland  and  the  orbit  that  the  goitre  and  the  exophthalmiis  develop^  and 
both  conditions  therefore  disappear  at  death.  Lands! r()tn  gives  tujother  explanation  of 
the  exophtbalmus.  Accorfhng  to  him,  there  are  smooth  muscle  fibers  in  the  orbit  run- 
ning frtmi  the  region  of  the  equator  of  the  eyeball  forward  to  the  septum  orbitalt\  Since 
these  muscle  fibers  like  the  nuiseuhis  tarsal  is  are  thrown  into  totvic  contraction,  they 
draw  the  eyeball  forward,  ^'on  Graefe's  symi>tom,  too,  must  be  referriHl  to  a  disturbe<l 
innervation  of  the  sympathetic»  which  supplies  the  organic  levator  of  the  lid  (museulus 
tarsalis  superior).  This  is  in  a  state  of  tonic  contraction,  as  we  convince  oursc»!ves  if  we 
grasp  the  upper  lid  by  the  cilia  and  try  to  draw  it  down.  We  then  encounter  greater 
resistance  than  we  do  in  healthy  persons,  IGifFord's  sign  (page  781}  is  probably  referable 
to  the  same  cause.— D.f 

IV.  Tumors  of  the  Orbit. 

135.  Tumors  of  the  orlnt/ — ^in  the  widest  sen.se  of  the  word — ^have  in 
common  one  very  important  symptom,  namely,  exophthalmus.  If  this 
is  prt^sent  the  main  thing  to  determine  is  whether  an  inflammation  or  tumor 
growth  causes  it.  Such  a  determination  is  easy,  as  a  rule,  since  inflam- 
matory exophthalmua  starts  up  acutely  and  with  inflammatory  symptoms 
(swelling  of  the  lids  and  conjunctiva,  pain),  while  exophthalnms  due  to 
tumor  growth  tlevelopvS  gradually  and  without  signs  of  irritation.  Yet  not 
infrequently  diagnostic  errors  do  oceor,  c*specially  in  chronic  inßammations 
attended  with  tissue  growth  (s\i:)hilitic  or  tuberculous  inflammations). 

To  determine  the  site  of  the  tumor,  we  must  consider  the  nature  of 
the  protrusion:  whether  it  is  directed  straight  forward,  or  wht^her  there 
is  also  a  hiteral  tlisplacement  of  the  eyeball.  With  the  same  ol>jeefc  in  view 
we  test  the  mobility  of  the  eye  in  all  directions.  Then  we  try  to  palpate 
the  tumor  itself,  so  as  to  be  able  to  tell  iti^  size,  form,  consistency,  mobility, 
etc.  If  the  tumor  lies  deep  in  the  orbit,  we  endeavor  to  push  the  little 
finger  as  deeply  as  possible  between  the  margin  of  the  orl)it  and  the  eye- 
ball (under  narcosis,  if  necessary),  so  as  to  get  at  the  tumor.  Finally, 
the  examination  should  be  completed  by  determining  the  visual  acuity 
and  the  ophthalmoscopic  finding,  by  which  we  ascertain  whether  ami  in 
what  way  the  optic  nerve  has  lx>en  injured  by  the  tumor. 

(a)  Vyfits, — The  most  frequent  of  these  are  the  dermoid  cysts,  which 
are  congenital,  but  often  develop   to  a  greater   size   aft-er  birth.    They 
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generally  lie  in  the  anterior  part  of  the  orbit, 
upper  and  outer  or  upper  and  inner  angle.  On  ac 
ficial  situation,  they  do  not  displace  the  eyeball,  1 
skia  of  the  lids,  through  which  they  can  readily  be  i 
tumors  as  big  as  a  bean  or  walnut.  Upon  extirj 
convince  himself  that  they  are,  as  a  general  thing, 
puitaceous  or  sebiform  contents;  sometimes  process 
pretty  deep  into  the  orbit,  and  thus  render  comp 
The  only  harm  that  dermoid  cysts  produce  is  the  di 
them^  and  this,  too,  is  the  reason  why,  quite  often,  w 
them.  In  doing  this,  we  must  go  to  work  very  carefi 
the  C3'st8,  as  far  as  may  be,  unopened.  If  the  cyst  wi 
breaks  prematurely,  part  may  easily  be  left  behind  i 

(5)  Vascular  Tumors, — To  vascular  tumors,  in  tl 
vascular  dilatations  (aneurisms)  and  new  growth^ 
(angiomata).  Both  the  one  and  the  other  occur, 
orbit.  Of  haemangiomata  we  here  meet  with  two 
in  the  lids  (telangiectasis  and  cavernous  tumor). 
genital,  and  is  originally  seated  in  the  lids,  from  w 
extend  into  the  orbit.  The  diagnosis,  hence,  is  eas> 
tumor  is  obvious.  Its  treatment  when  in  the  orbit 
on  the  lids.  Cavernous  tumors,  in  contradistinctioi 
usually  develop  first  within  the  orbit  and  grow  sic 
farther  and  farther  before  them.  As  long  as  they  1 
of  the  orbit,  the  correct  diagnosis  can  be  made  only 
lime  which  these  tumors  possess.  We  can  diminish 
the  eye  back  into  the  orbit,  and,  on  the  other  hand 
of  crying,  straining,  etc.  When  the  vascular  tumon 
farther  forward  they  gleam  with  bluish  luster  throuj 
and  dilated  blood-vessels  appear  in  the  latter;  in  thi 
of  course,  easy.  When  we  see  that  these  tumors  ai 
Ijy  causing  its  progressive  protrusion,  we  must  remo 
with  the  knife  is  principally  adapted  to  those  cases 
sharply  limited  and*is  inclosed  in  a  fibrous  capsule; 
diffuse  vascular  tumor  electrolytic  treetment  is  indi 

(c)  Malignant  Tumors, — The  most  common  p 
orbit  are  sarcomata.  These  may  start  from  bone,  pei 
(■les  or  connective  tissue,  the  lachrymal  gland,  anc 
and  its  sheaths.  Orbital  sarcomata  are  usually  rou 
sharply  defined,  because  they  are  inclosed  in  an  ei 
tissue.  Primary  carcinomata  of  the  orbit  are  very  i 
the  lachrymal  gland. 

The  secondary  formation  of  tumors  in  the  orbit  < 
the  eye  (sarcomata,  gliomata)  perforate  posteriorly  h 
carcinomata  of  the  lids  or  conjunctiva,  if  not  remov 
orbit.  Neoplasms  may  also  grow  into  the  orbit 
aeresjsory  nasal  sinuses  or  even  from  the  crai 
metastases  of  malignant  tumors  occur — rarely,  h 
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If  nialig:nant  tumors  are  not  removed  early,  they  push  the  eye  more 
Äiui  more  out  of  the  orbit,  afterward  destroy  it,  and  finally  fill  the  en- 
tire orbit,  from  whose  anterior  opening  ihey  project  as  large.  nU-erated, 
readily  bleeding  inasf^es.  Still  later  they  pas«  over  to  Btrurtures  adja- 
cent to  the  orbit,  and  especially  to  the  brain;  the  neighboring  lym- 
phatic glands  swell  up,  and  metastases  form  in  the  internal  organs.  The 
patient  sticeumbs  from  exhaustion  or  from  a  transmission  of  the  growth 
to  vital  organs.  To  this  course  a  stop  can  Ix^  put  only  by  as  early  and 
as  radical  a  removal  of  the  growtli  as  possible.  Small  encapsulated 
sarcomata  can  be  cleanly  enucleated  witli  preservation  of  the  rest  of 
the  contents  of  the  orbit.  Large  tumors,  particularly  if  they  are  not 
sharply  circumscril>ed»  demand 
the  removal  of  the  entire  con- 
tents of  the  orbit  in  doing  which 
the  eye,  even  when  it  still  retains 
its  ability  to  see«  nmst  be  sacri- 
ficed. (For  metliods  of  operat- 
ing see  g   167,) 

Histological  examination  of  der- 
moid cyst^  shows  that  tlteir  wall  ptjs- 
aeaaes  cssenlially  the  sinicture  of  tlie 
external  akin — that  is,  it  confiiuts  of  a 
«uhstratiim  of  connective  tissue,  the 
cutis,  vi liicli  supports*  an  epithelial  lin- 
ing like  that  of  the  external  skin^  antl 
which  not  infrequently  contains  hair  fol- 
hcles  and  glaiitis  (KcbaceoiLs  and  sweat 
glands).  The  contents  of  the  r)>it  are 
mostly  like  porridge  or  sebum,  and  arr 
formed  of  the  exfoliated  epithelial  cells, 
and  the  secretion  of  the  glands  con- 
tained in  ita  walls;  in  many  va^ea  \mr, 
and  in  very  rare  cades  teeth,  have  heen 

found  in  them.  Sonietimea  the  contents  of  the  cyst  are  converted  into  an  oily  or  ln*ney- 
like  liquid  (oil  cysts  and  honey  cysts  or  meüceriH);  *ir  they  may  even  tiecome  like  serum. 
The  anatomical  structure  of  these  cyf^ts  raivges  them  in  the  category  of  dermoid  cyst« — 
i.e.,  of  those  which  wc  regard  as  originating  from  an  invagination  of  the  external  ger- 
minal layer,  which  then  develops  afterward  into  a  cyst  (Remak),  »Some  of  the  cyst«  with 
serous  contents  may  perhaps  have  originated  from  an  analogous  invagination  of  the 
tiasat  mucoid  membrane  (Panas),  In  structure  and  mtxlc  of  development  dermoid  cysts 
are  allied  to  the  dermoids  of  the  corneal  margin,  which  likewise  are  to  be  regarded  «a 
al>errant  islands  of  skin  (see  page  209).  The  two  varieties  of  tumors  are  distingnished 
from  each  other  clinically  by  the  fact  tliat  the  first  are  deeply  placed  cavities;  the 
second,  superficially  situated,  flat,  expanded,  wart -like  structure«. 

Another  form  of  tumor  with  which  dermoid  cysts  might  be  occasionÄlly  con- 
founded 18  the  kernia  rfrebri  (cephalocele) .  That  fonn  of  it  whicli  requires  considera- 
tion here,  the  cephalocele  orbttie  anterior»  projects  into  \he  ortiit  lietween  the  eth- 
moid and  frontal  bones  (Fig.  352).  At  this  spot  the  dura  is  wanting  in  the  space 
occupied  by  the  hernia,  being  adherent  to  the  periosteum  at  the  margin  of  the  gap  in 
the  bone.  The  sac  protniding  from  the  gap  is  formed  of  arachnoid  and  pin  nmter^ 
and  contains  remains  of  brain  substance  or,  when  the  ventricle  extends  as  far  a»  the 
«ac,  is  lined  with  ciliated  epithelium  (Stadfelt).     Clinically,  therefore,  the  cephaloeele 
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of  the  orbit  usually  represents  a  tumor  which  is  situated  in  the  upper  and  inner  angle  of 
the  orbit,  is  covered  by  normal  skin,  is  distinctly  fluctuant,  and  has  existed  since  binh. 
Since  dermoid  cysts  also  are  congenital  and  frequently  occupy  the  same  spot,  an  error 
in  diagnosis  might  be  readily  made.  Such  an  error  might  possibly  lead  to  the  worn 
consequences,  if  extirpation  of  the  meningocele,  which  may  be  followed  by  menii^tii. 
should  be  thereupon  performed.  It  is  hence  important  to  know  how  such  a  mintake 
can  be  avoided.  The  signs  which  principally  distinguish  a  cephaloeele  from  the  der- 
moid cysts  are  as  follows:  1.  A  meningocele  is  immovably  attached  to  the  bone.  NVit 
infrequently  we  are  able  to  feel  with  our  finger  the  opening  in  the  bone  through  whirh 
the  cephaloeele  communicates  with  the  cranial  cavity  (hernial  orifice).  2.  A  cppiia- 
locele  sometimes  shows  the  pulsatory  and  respiratory  oscillations  which  are  conunum- 
cated  to  it  from  the  brain.  3.  A  cephaloeele  can  be  diminished  in  aize  by  pressure 
with  the  fingers,  since  their  fluid  contents  are  in  part  pushed  back  into  the  craniil 
cavity.  At  the  same  time  symptoms  of  increased  cerebral  pressure,  like  vertigo,  nauRt, 
deviation  of  the  eyes,  convulsions,  etc.,  may  make  their  appearance.  4.  In  order  to 
be  perfectly  certain,  we  make  an  exploratory  puncture  of  the  cyst.  In  doing  this  ine 
must  proceed  under  rigid  aseptic  precautions,  so  as  not  to  excite  inflammation  of  the 
cyst  and  consequent  meningitis.  The  diagnosis  becomes  more  difficult,  or  is  even  im- 
possible, when  the  communication  between  the  meningocele  and  the  cranial  cavity 
(the  subdural  space)  is  obliterated;  but  then  in  this  case  removal  of  the  tumor  is  not 
associated  with  danger  of  any  sort. 

Besides  those  already  given,  the  only  q/sts  of  the  orbit  reqmring  mention  are  the« 
formed  by  entozoa  (Cysticercus  and  echinococcus),  and  also  the  congenital  cysts  of 
the  lower  lid  in  microphthalmus  (page  461),  blood  cysts  developing  from  extra vasatiois 
of  blood. 

Pulsating  Exophthalmus. — Under  this  term  is  denoted  the  following  eomplpx 
of  symptoms:  The  eye  is  protruded;  the  blood-vessels  of  the  conjunctiva  and  the 
hds,  and  often  of  the  surroimding  parts,  too,  are  dilated.  If  the  hand  is  placed  upon 
the  tumor,  distinct  pulsation  of  the  eyeball  itself  and  of  the  surrounding  parts  is  feh: 
and,  if  the  ear  is  appHed  to  it,  blowing  murmurs  and  a  continuous  whirring  and  rumb- 
ling sound  are  hearid.  The  patient  also  hears  the  same  sounds;  he  has  a  constaot 
rumbling  in  his  head,  as  if  he  were  standing  near  a  waterfall,  and  he  is  often  more 
disturbed  by  this  tlian  by  anything  else.  The  eye  can  be  pushed  back  into  the  orbh 
with  the  hand.  A  special  feature  distinguishing  the  disease  is  the  fact  that  conipn»- 
sion  of  the  carotid  of  the  same  side  as  the  exophthalmus  diminishes  both  the  pulsation 
and  the  sounds  or  causes  them  to  disappear  altogether.  The  visual  pjower  of  the  eyp 
is  in  many  cajses  abolished,  and  that,  as  the  ophthalmoscope  shows,  by  neuritis  of  the 
optic  nerve;  a  conspicuous  feature  tliat  is  brought  to  light  at  the  same  time  beiDf 
the  enormous  dilatation  of  the  retinal  vessels.  At  times  there  are  violent  pain  in  the 
orbit  and  impairment  of  the  hearing. 

It  has  been  proved  by  a  number  of  autopsies  that  the  most  frequent  cause  of 
Ulis  complex  of  symptoms  is  an  arterio-venous  aneurism  resulting  from  rupture  of 
the  carotid  into  the  cavernous  sinus  (cf.  Fig.  319).  Through  the  spot  where  this  niptmv 
has  taken  place  the  blood  of  the  carotid  is  discharged  under  a  high  pressing  into  the  cav- 
ernous sinus  and  the  veins  of  the  orbit,  which  empty  into  it,  so  that  these  veins  are  very 
greatly  dilated  and  are  set  pulsating.  The  rupture  of  the  carotid  is  most  frequently 
caused  by  traumatism,  and  particularly  by  severe  injuries  of  the  skull  with  fracture  of 
the  base;  rarely  a  spontaneous  rupture  occurs  from  degeneration  of  the  vessel  wall. 

In  rare  cases  the  aneurism  fubsides  spontaneously;  otherwise  it  persists,  and 
may  produce  death  with  cerebral  symptoms  or  by  hemorrhage  from  the  dilated  vessels. 
The  treatment  is  self-evident,  from  the  fact  that  the  symptoms  disappear  as  soon  a^ 
the  carotid  is  compressed  upon  the  affected  side.  Hence  we  try  first  the  emplojrment  of 
compression  by  digital  or  instrumental  pressure  upon  the  carotid  every  day  for  as  long  a 
time  as  can  Ixj  lx)mo.  If  this  procedure,  after  being  continued  for  some  time,  is  unsuc- 
cessful, ligation  of  the  carotid  is  indicated — an  operation  by  which  most  cases  are  curwl. 
For  some  cases  a  suitable  procedure  is  direct  ligation  of  the  dilated  veins  in  the  orbit .  after 
access  to  them  has  been  secured  by  temporary  resection  of  the  malar  bone  (see  §  167). 
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There  are  case«  of  intermittent  e^ophthalmm,  which  appear  only  at  iQterralB,  and 
in  fact  mainly  when  the  head  is  deprcsseci^  while  in  the  erect  position  ac^ne  enoph- 
thalmus  may  bi^  present.  As  in  aurh  cases  th«*  exophthalmus  inerea^es  when  pressure 
is  nnade  upc»n  fhe  ju^ilar  vein,  and  as  sometimes  ilibted  veins  are  viaiblc  even  upon 
external  examination,  it  is  afiaumed  that  the  exophlhalraua  is  caused  by  varioose  veins 
in  the  orbit,  which,  however,  in  contradistinction  to  what  occurs  in  pulsating  exoph- 
ihalnius,  are  not  in  rommimicalinn  with  an  artery. 

Besides  Üw  tumoi-s  enum(Tate<l  abo\*e  the  following  have  been  observe<l  in  the 
orbit,  as  rarities:  Teratoma,  atigioma  lipoma! odea,  lymphangioma,  neuroma  simplex, 
neuroma  plexiforme^  cylindroma,  enflothelioma,  psaminoma»  enchondronm,  urul  osteoma- 
The  micomaia  start  from  the  bony  wa!l  of  the  orbit,  and  most  often  from  the  frontal 
bone.  They  may*  however,  alsf»  develop  in  one  of  the  cavitiea  adjoining  rhe  orbit, 
particularly  the  frontal  «inus,  atid  enter  the  orbit  it^»lf  afterward  through  erosion  of 
the  orbital  wall.  They  arc  usually  sessile^  being  attached  to  the  bone  by  a  broad  base, 
but  rarely  are  pedic!uliited,  in  which  ease  it  occasionally  happens  that  they  nccro«e 
spontaneously  and  are  then  eliminated.  Mo;^*  osteomatu  are  as  hard  as  ivory,  so  that 
chisi»l  and  saw  can  make  scarcely  any  impression  on  them  (exostosis  ebume4i);  but 
there  are  a!»o  o«teomat.a  of  spongy  or  partly  cartilaginous  structure.  They  grow  very 
si  jwly,  and  in  time  dts|^lace  the  eye  from  the  orbit  and  destroy  the  sight  by  compressing 
the  optic  nerve.  For  this  reason  they  call  for  removal  by  operation,  which  because  of 
the  great  hardness  of  the  growth  is  often  \^ery  difficult,  and,  moreover,  is  not  devoid 
of  danger,  since  in  \{s  performance  the  cranial  cavity  may  be  opened.  Hence  we  often 
abstain  from  taking  the  growth  out  radir,il!v.  and  satisfy  ourselves  with  removing 
only  80  much  of  it  as  projfcta  into  the  orbit.  When  the  eye  has  been  pushed  out  of  (he 
orbit  and  rendered  blind  hy  a  large  osteoma,  it  b  sometimes  better  to  relieve  the  patient 
of  his  troubles  by  enucleating  the  useless  eye,  rather  than  expose  him  to  the  dangers 
of  on  extirpation  of  the  growth. 

Usually  bilateral  are  the  lymphomatous  ttimors  of  the  orbit,  the  lymphomata  and 
lymphosarcomata,  the  leucaunic  and  p8<'udi>lciiärrnic  tumors,  and  the  chloromata. 
An  enlargement  of  the  lachrymal  and  parotid  glands  on  Ijoth  sides  is  called  Mik\äicz^» 
disense.  Her«',  tfio,  it  isoftf-n  lymphomatous  tumors  that  are  present  but,  in  other  cases, 
chronic  inüammatory  processc-i*  jKissibly  of  tuberculous  nature» 

nif*KAftK  OF  TUE  CaVITIES  ADJOINING  THE  OrBIT.— TllC  m'Vff^Oty    va\  l\  U  s   lif  |tie 

ncwiP,  nani€*ly  the  maxillary  antrum,  the  frontal  sinus,  the  ethmoid  cells,  :u id  ilie  p<phe- 
noid  sitiiiH,  may  implicate  in  their  diseases  the  orbit  and  the  optic  nerve,  lliis  is  mowt 
apt  to  occur  in  dise*'iHe  emanating  from  the  ethmoid  cells,  for  the  latter  are  separated 
fnun  the  orbit  only  by  the  thin  hmiina  pipyracea  which,  moreover,  sometiiiie*<  Iüls  gape 
in  it.  riie  most  posterior  ethmoid  wU  nut  infreipjently  extends  mUy  the  »uiijll  wing  of 
the  sphenoid  and  then  come«  into  closer  relation  with  the  optic  nerve  l)eciiUM?  it  now 
l^orders  on  tlie  optie  canal;  and  it  may  even  extend  bo  far  l^eyond  the  jnedian  line  rluit 
it  actimlly  adjoins  the  optic  canal  of  the  opjiosite  side.  Otheruns*^  the  wall  of  (he  optie 
canal  is  formed  in  jiart  by  the*  sphenoifl  sinus  (Fig.  3^53,  rA).  Inflam  ma  toi*j'  infec- 
tions of  the  alxjve  named  cavities,  called  hy  the  name  of  ftimi.nlvi  [or  more  pn»f>erly 
sinuitis]  are  generally  the  result  of  an  inflammation  of  the  nai^l  nmcoiLs  membrane 
This  may  be  either  a  calarrlial  inflanunation  (coryza)  or  produced  l)y  infecliouM 
diseases,  whether  acute  (the  most  frerjuent  example  of  this  Ix'ing  inÜuen/ji)  or  chronic 
(tulM^rruUxBis,  sj-philis).  Furthermore,  injuries,  new  growl hs,  and,  in  the  viwe  of  the 
maxillarj'^  antrum,  diwascd  t<M:?th  may  cause*  the  inflanmiation.  The  inflammation  is 
assmnaietl  with  pnrnlent  secretion  or  enipyema,  (cajled  open  en»pyema  if  the  »ecretion 
can  escajie  through  llie  iwMuml  orifice-  of  the  cavity,  closed  einpyemn  if  the  ostium 
of  the  ("cavity  is  shut  off).  In  the  latter  cawe  the  secretion  accuniidate«  in  the  cavity 
and  dirttcofl«  it ;  at  the  sanje  time  the  content-s  of  the  cavity  whicli  at  first  are  ptiriilent 
gradually  liet'ome  nmcous  and  at  length  waters,'  (dropsy  of  the  cavity), 

I  n  flan  una  t  ion  of  the  acceas<^ry  cavitie«  often  prfxlut^s  sjmiptoms  which  nrv.  very 
striking.  If  for  mstanre,  after  a  eoryza  tliere  is  marke<i  frontal  he-adai'l»e  and  the 
forehead  above  the  eyebrows  is  aensitive  to  pen^ussitm,  or  the  skin  in  this  region  actuatljr 
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bf'coriio^  aomewhat  swolk-n,  wc  should  at  once  think  of  a£ 
«in us.  But  often  tlie  infiaitimation  of  the  aecesson-  rav 
pretty  much  void  of  syTTiptorns,  and  particularly  so  when 
caviticii  that  is  ronceruetL  Henre  :j  diagnosis  to  be  eei 
scopic  exam iriat ion.  Tins  is  no(  always  by  any  mcÄns  i% 
not  be  perfectly  performed  until  after  some  preUminary  Q 
M>f  some  portioiifl  of  the  lurbimil  bodies,  opening  of  the  wi 
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JFio.  ^^53.— ItoHiiONTAL  SKrxioN  thhquoii  tu«  ] 

Ailjotnin.K  the  intcrüal  wall  cjf  the  nrbit  axid  mpparated  from  jt  1 
«oUfl  of  the  ttnl«ri«r  and  poflteriur  lubyriuth  of  tlie  ethmoid  bone.  r#i 
cavity  of  the  sph*»noid  boue,  which  in  this  cjuse  id  divided  into  two  i 
bone.     The  unterior  divij^ion,  vk,  adjoins  the  uptic  canat  at  the  inni 
t«nd!!i  l>enpJDith  it.    Over  the  p*i!«t«rior  ciivi?iiori^  nk,  Liea  the  hyptyphya 
cicä,  and  upon  which  rcjstÄ  the  chiasm,  which  in  thin  preparation  L 
brairt.     At  the  auler  wide  of  i\\«  orbit,  b<»rwwn  the  eyeball  and  the  fi 
are  two  äobe»  of  the  lachrymal  iclBind,  the  lower  border  of  which  was 
the  frontal  proeeasa  of  the  xyKoniA  in  the  temporal  foicsa  is  the  eroas 
«nd  behind  this*  the  cross  »oetioti  of  the  great  wing  of  the  .tphenoicf 
fossa  of  tlic  skull,  o-     At  the  internal  and  poi*terior  brfnler  of  the 
alonff  ita  insertion  when  the  brain  waj  taken  out.    Along  the  .«ile 
mimeles  paaa  through  thp  dura,  tiie  furthest  forward  being  the  ocukra 
M,  is  (somewhat  further  hack.    To  the  inner  nide  of  the  latter  and  fal 
the  skull,  the  abducent,  wo,  Koe*  down  intiTt  the  diu-a.     Fwrthe-Ht  b«« 
T.  pas*i*inK  form  the  cranial  cavity  throUB:h  a  (»lit.  which  liej*  between 
the  temporal  \xtjw  and  Ihe  atiachment  of  the  tentorium»    The  optic  oi 
cAiial  into  the  cranial  cavity  ha.<<  l>een  cut.  off  »o  that  the  internal  earol 


The  inflammation  of  the  cavities  may  at  any 
acitie  stage  an  orbital  cellulitis  (see  page  775)  mofit  fi 
headache  and  some  fever  the  lids  and  the  conjimetiv» 
and  lieeomes  less  movable,  and  frequently  there  is  added  a| 
or  an  inflanimation  of  the  optic  nerve.    These  threatenii 
the  paralysis  of  the  eye  muscles  or  the  inflammatory  at 
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remain  i>ermanenlly.  A  rarer  aequel  of  BUch  accumulations  of  pus  in  the  accessory 
ctmuaes  is  suppuration  in  the  orbit  occurring  under  the  gui($e  either  of  a  subperiosteal 
abscess  or  of  a  retrobulbar  phU;||;inoii  with  it^  destructive  consequences. 

Chronic  empyetnata  of  the  accessory  cavities  may  produce  Kluggish  Inflammationa 
of  the  orbital  Htmcturcs,  and,  aince  such  empyemata  often  run  their  course  without 
causing  any  synipt^juis^  the  diagnosis  sometin^tes  encounters  great  difieulties,  as  a» 
example  adduced  ne4ir  tJie  end  of  this  chapter  shows. 

Dropsy  of  the  accessory  cavities  is  not  so  Jipt  to  produce  inflammation  bm  it  is^ 
to  cause  by  distention  of  the  walls  of  the  cavities  an  encroachment  on  tlie  orbit  and 
hence  a  displacenn*nt  of  tlie  eyel>aU.  Thus  in  dilatjition  of  tlie  fnmtal  sinus  we  see 
the  frontal  bone  protruding  above  tlie  margin  of  the  orbit  and  find  the  eyeball  dispJaced 
forward  and  downward.  In  distention  of  the  ethmoid  cells  we  get  a  protr\ision  of  the 
inner  wall  of  the  orbit  ujMm  which  we  can  feel  through  the  »of t  part«  (he  thin  lamina 
papyracea  crepitate  under  the  pressure  of  the  (ingerH.  Inflammation  of  the  sphenoid 
sinus  may  manifest  itself  early  in  its  course  by  disease  (inflammation  or  atrophy) 
of  the  optic  nerve. 

Dibtation  of  the  acoeesory  cavities  may  also  be  produced  by  new^  growths  like 
^Kilj^pi^  osteomata,  or  malignant  neoplasms. 

As  long  as  the  communication  between  the  cavitiee  and  tlie  nose  is  open,  treat- 
ment is  carried  on  by  way  of  the  nose  (the  maxillarj'  antrum  is  often  o|^ned  up  and 
treated  tbrough  an  alveolus  of  one  of  the  teeth).  If  the  ostium  of  the  cavity  is  closed 
either  provisimi  must  be  made  for  a  permanent  escape  of  the  secretion  or  tlie  cavity 
must   1)0  obliterated. 

The  following  history  shows  on  what  points  the  diagnosis  can  t»e  constructed — 
a  diagnosis  U|:»c>ri  wliich  in  this  case  depended  the  proper  treatmenl  and  as  a  reault 
of  this  the  prevention  of  blindness.  A  man  forty  y^ssasof  age  had  become  blind  in  the 
right  eye.  The  oplit bilmologist  who  treated  liim  had  naade  the  diagnosis  of  neuritis 
of  the  optic  nerve,  which  in  spite  of  all  therapeutic  measures  went  on  to  atrophy  with 
blindness.  Five  years  later  the  patient  consulted  me  because  he  had  noticed  for  a 
^-ear  Imck  a  disturbance  of  sight  in  the  left  eye  which  bad  f)een  hitherto  sound.  Dnring 
the  tlay  he  had  a  slight  glimmering  light  before  the  eye,  while  in  the  evening  he  saw- 
perfectly  well.  At  the  same  time  there  was  slight  pain  in  the  depth  of  the  orbit  and 
now  and  tlien  attacks  of  left  sided  stipra -orbital  neuralgia.  As  similar  pains  on  the  right 
side  had  preceded  the  blindness  of  the  right  eye  and  in  fact  sometimes  manifeated 
itself  on  that  side  still,  the  patient  wiis  in  great  apprehension  that  now  he  was  going 
t-o  lose  the  left  eye  too.  Tlie  t>atient  was  otherwise  healthy,  and  admitted  liaving 
only  a  slight  sensitiveness  of  the  left  supra -«orbital  region  to  percussion.  The  left  eye 
appeared  normal  exteriinlly  and  with  the  ophthalmoscope,  and  also  had  normal  vision; 
but  by  careful  examination  of  the  visual  field  with  small  re<i  objects  a  very  minute 
centra!  scotoma  coukl  lie  discovered,  in  the  confines  of  which  the  red  color  apfieared 
t*>  be  less  8atiirat4.Hh  As  chronic  intoxication  with  tobacco  or  alcohol,  which  sc»  fre- 
quently producer  a  central  color  scotoma,  coidd  lie  excluded  in  this  case,  a  retrobul-- 
tiar  inflatnmation  of  the  optic  nerve  (see  page  5ii^)  had  to  l»e  thought  of  as  the  probable 
cause.  Indicative  of  the  same  thing  was  the  pjain  in  the  depth  of  the  orbit,  which  gave 
rise  to  the  conjecture  that  in  this  situation  there  was  a  sluggish  inflammatory  process 
which  was  being  transmitted  to  the  optic  nerve.  A  process  of  this  sort  {^rhapa  had 
also  been  present  on  the  right  side  six  years  liefore  and  had  produced  the  blindness. 
Wliat  could  be  the  cause  of  such  a  bilateral,  deep  seated,  e^luggish  inflammation?  In 
any  case  it  covdd  be  of  but  slight  intensity.  Arguments  for  this  were  the  slight  degree 
of  the  pain,  the  slight ness,  considering  the  long  duration  of  the  trouble,  of  the  injury 
to  the  left  optic  nerve,  and  ah>ove  all  the  absence  of  an  exophthalmus.  Any  tnarked 
inflammation  of  the  tissue  at  the  apex  of  the  orbit  would  be  associated  with  consider- 
able swelling  of  the  tissue  and  woidd  hence  protlnce  exophthalmus.  Since  this  was 
absent,  severe  inflammations  such  for  as  example  would  rcssult  from  sj'philitic  or  t  uber- 
culous  disease  of  the  bones  or  from  new  growths  in  the  depth  of  the  orbit,  could  Ija 
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excluded.  So  by  exclusion  I  arrived  at  the  hypothesis  that  there  was  a  chronic  is- 
flamtnation  in  the  most  posterior  ethmoid  cells  or  in  the  sphenoid  sinus  which  migbt 
give  rise  to  a  permanent  hyperemia  or  slight  inflammatory  infiltration  in  its  vicinity, 
that  is,  in  the  tissue  at  the  apex  of  the  orbit  or  in  the  optic  canal.  The  rhinologist,  Dr. 
Hajek,  who  was  called  in,  opened  the  most  posterior  ethmoid  cells  and  the  sph^ioid 
sinus  on  the  left  side.  They  were  filled  with  a  mucous  membrane  which  had  under- 
gone very  great  degeneration  with  the  formation  of  polypi  and  which  upon  exami- 
nation showed  a  chronic  inflammatory  infiltration.  After  the  operation  the  pain  in 
the  orbit  and  the  neiu'algic  attacks  gradually  ceased  and  the  central  scotoma  disap- 
peared all  except  a  slight  remnant. 

Of  this  history  which  is  interesting  from  a  rhinological  aspect  also,  I  wiR  empha- 
size only  those  details  which  are  important  with  regard  to  the  eye  lesion.  1.  In  the 
optic  canal  the  dural  sheath  of  the  optic  nerve  is  transformed  into  the  periosteum  of 
the  bony  canal.  The  optic  nerve  therefore  in  this  situation  is  enveloped  only  by 
the  delicate  pial  sheath  which  in  most  places  is  applied  to  the  periostum  and  on  the 
upper  side  is  actually  adherent  to  it.  This  anatomical  ration  facilitates  the  direct 
transfer  of  inflammation  from  the  cavities  in  the  vicinity  of  the  canal  to  the  opüc 
nerve  itself.  2.  This  inflammation  first  affects  the  pial  sheath  of  the  nerve  and  wt 
should  therefore  expect  that  the  peripheral  bundles  of  nerves  which  are  next  to  this 
sheath  would  be  firet  diseased.  These  bimdles  supply  the  periphery  of  the  retina; 
but  in  this  case  it  was  on  the  contrary  the  center  of  the  retina  that  beoune  insensitive, 
for  there  was  a  central  scotoma.  This  proved  with  certainty  that  there  was  a  lesion  ci 
the  papillo-macular  bundle  (see  page  580),  which  in  the  canalicular  segment  of  the 
nerve  occupies  just  the  middle  of  the  nerve  trunk,  i.  e.,  is  the  part  farthest  distant 
from  the  inflamed  sheath.  This  paradoxical  behavior  is  repeated  in  many  lesioiii 
affecting  the  optic  nerve  on  its  surface,  as  for  instance  when  a  neoplasm  begins  to  pnm 
on  the  nerve.  Quite  regularly  in  acute  retrobulbar  neuritis  the  papillo-macular  bundle 
is  the  part  that  is  first  and  most  affected,  although  in  the  majority  of  cases  this  disease 
certainly  has  its  main  seat  in  the  sheaths  of  the  nerves.  We  explain  this  fact  by  asBum- 
ing  that  the  fibers  of  this  bundle  are  particularly  vulnerable,  and  connect  this  vul- 
nerability with  its  especially  exquisite  and  delicate  function,  with  which  perhaps 
there  is  associated  a  correspondingly  delicate  anatomical  structure.  "The  more  deli- 
cate a  machine,  the  more  readily  it  is  destroyed. "  3.  The  lesion  of  this  bundle  can 
have  been  but  slight,  for  the  vision  was  still  normal;  if  we  had  simply  stopped  at  de^ 
termining  this,  we  should  not  have  discovered  the  disease  of  the  optic  nerve  at  afl. 
But  the  testing  of  the  visual  field  with  a  small  red  object  showed  in  the  center  a 
diminution  of  the  ability  to  appreciate  red.  The  examination  of  the  eye  with  ooIotb  ac- 
cordingly, affords  us  a  particularly  delicate  test  for  demonstrating  even  the  sU^teet 
impairment  of  sight.  4.  The  central  scotoma  made  itself  apparent  to  the  patient  by 
nyctalopia,  since  it  was  only  by  day  that  he  had  a  ''glimmering  light"  before  his  eye, 
while  in  the  evening  he  thought  he  had  normal  sight.  When  the  patient  makes  state- 
ments of  this  kind,  therefore,  one  should  always  look  for  a  central  scotoma.  5.  The 
first  branch  of  the  trigeminus  runs  through  the  cavernous  sinus  to  the  superior  orbital 
fissure,  and  in  this  part  of  its  course  hes  close  to  the  lateral  surface  of  the  body  of  the 
sphenoid.  This  is  the  reason  why  it  may  react  under  the  form  of  occasional  neuralgias 
to  an  inflammation  of  the  mucous  membrane  of  the  sphenoid  sinus. 


PAirr  iv. 

ANOMALIES  OF  REFRACTIOX  .VND 
ACCOMMODATION. 

Thu  eye  is  constructed  u|xm  the  principle  of  a  camera  obseura. 
This  consists  of  a  box  blackened  on  the  inside,  the  anterior  wall  of 
which  is  formed  by  a  strong  convex  iens^  which  throws  upon  the  pos- 
terior wall  an  inverted  image  of  the  objects  that  may  chance  to  be  in 
front  of  the  camera.  In  the  human  eye  we  und  instead  of  the  convex 
len«  quite  a  number  of  refracting  surfaces  constituted  by  the  surfaces 
bounding  the  refracting  media  of  the  eye,  namely»  the  cornea»  aqueous 
humorp  lenö,  and  vitreous;  and  in  place  of  the  posterior  wall  is  found  the 
retina,  which  not  only  receives  the  image,  but  also  at  the  same  time 
|>erc€ives  it.  Hence  a  diminution  of  viaual  {x>wer  may  be  produced  by 
two  different  causes:  either  the  dioptric  apparatus  of  the  eye  is  defec- 
tive, so  that  a  sharp  image  is  not  thrown  upon  the  retina,  or  it  is  the 
retina  that  is  at  fault  in  that  it  is  not  senwitive  enough. 

In  order  to  throw  a  sharp  image  upon  the  retina  the  dioptric  appa- 
ratus of  the  eye  must  fulfill  two  conditions.  In  the  first  place,  the  re- 
fracting media  must  be  f:)erfectly  transparent.  Hence  opacities  of  the 
cornea,  lens,  etc..  make  distinct  vision  impossible.  The  second  condi- 
tion is.  tliat  fhe  refractive  power  of  the  media  should  besuch  that  they 
pmject  an  image  of  external  objects  which  is  both  i>erfectly  distinct 
and  also  lies  precisely  upon  the  retina.  The  variations  from  this  rule 
we  designate  as  errors  of  optical  adjustment  or  as  errors  of  refraction 
and  ac(*ommodatioo.  The  theory  of  tlicse  errors,  as  we  see  it  presented 
to  us  N>-*]ay,  forming  a  harmonious,  well-compacted  whole,  is  clVietly 
Donders's  work.  It  is  the  exactest  portion  of  ophthalmology,  and.  in 
fact,  of  all  medicine,  for  it  is  based  directly  upon  the  application  of 
physical  and  mathematical  laws  to  the  eye.  These  laws,  therefore,  as 
far  as  they  will  require  consideration  here,  must  be  supposed  to  be 
known  in  advance. 
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CHAPTER  I. 

THE  THEORY  OF  GLASSES. 

HE  refractive  power  of  a  lens  is  determined  by  tlie  position 
of  its  principal  focus.  Under  the  latter  name  is  denoted  that  point  at 
which  rayjä  are  united  which  come  from  an  infinite  distance,  and  hence 
are  parallel  when  they  strike  the  lenö. 

In  convex  lenses  which  render  parallel  rays  convergent,  the  princi- 
pal focus  {Ff  Fig.  354A)  hes  on  the  opposite  side  to  that  upon  which  the 
rays  fall.  Here  all  the  parallel  rays  are  collected  (hence  "collecting" 
lens).  If  the  rays  emanate  from  a  point,  they  will  also  be  united  into  a 
single  point,  but  if  the  object  that  emiits  the  rays  has  an  extension  in 
space,  they  are  united  into  a  diminished,  inverted  image  of  the  object- 
This  image  is  real — i.  e.,  formed  by  an  actual  union  of  the  rays  at  this 
spot.  Just  as  rays  falling  upon  the  lens  in  a  parallel  direction  ultimately 
reach  the  principal  focus,  F,  so  also  rays  which  go  in  the  opposite  direc- 
tion, from  F,  and  impinge  upon  the  lens,  will  emerge  from  the  latter  in 
a  parallel  direction. 

Concave  lenses  so  refract  the  rays  which  impinge  upon  them  in  a 
parallel  direction  that  the  latter  become  divergent  when  they  emerge; 
hence  the  name  "dispersing''  lenses  (Fig,  354  B),  These  rays  never 
come  together,  but,  on  the  contrary,  diverge  farther  and  fartlier  from 
each  other.  Hence  an  actual  (real)  focus — i.  e.,  point  of  union  of  the 
rays— does  not  exist  in  this  case.  But  if  an  observer  is  stationed  behind 
the  lens — e.  g.,  at  a— and  receives  the  diverging  rays  uj>on  his  eye,  he 
gets  the  same  impression  as  if  these  rays  came  from  a  point  situated  upon 
the  other  side  of  the  lens,  a  point  located  at  F,  Tvhere  the  rays  would 
meet  if  prolonge<l  backward.  The  observer  accordingly  believes  that  he 
does  see  at  this  point  the  image  of  the  object^  which  emit^s  parallel  rays, 
although  there  is  no  image  in  reality  present  at  this  spot,  and»  in  fact, 
there  is  no  image  formed  at  any  spot  whatever.  This  apparent  image 
is  called  virtual  (formed  at  the  virtual  focus),  and  lies  upon  the  same 
side  as  that  from  which  the  rays  come  to  the  lens.  Here,  precisely  as  in 
the  case  of  convex  lenses,  the  law  holds  good  that  the  path  of  the  rays 
is  the  same  when  the  direction  is  reversed.  If  rays  impinge  upon  the 
lens  from  its  posterior  aspect  (a)  with  a  convergence  such  that  they  are 
directed  toward  F\  they  will  be  parallel  upon  their  emergence  from  the 
lens  at  its  anterior  aspect. 
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The  distance  between  the  principal  focus,  F 
k,  IS  called  the  principal  focal  distance.  In  con\ 
the  opposite  Bide  to  that  upon  which  the  rays  i: 
positive  focal  distance,  and  convex  lenses  are  h 
The  converse  is  true  of  concave  lenses,  whose  xn 
denoted  by  the  sign  — .  The  refraction  of  raj 
ceteris  paribus,  the  more  curved  its  surface  is- 
radius  of  curvature. 

L      ?'^^^ 


Fio.  3Si  A.— rsioN  OF  Paballsl  Rats.  RErRACTED  i 


The  numeration  of  lenses,  the  object  of  \ 
refractive  power,  is  based  upon  their  principal 
more  strongly  the  rays  are  refracted,  the  closi 
comes  to  the  lens,  and  the  shorter,  therefore, 
diiitanee.  The  latter  accordingly  is  in  inverse  pr 
ing  power  of  the  lens,  and  can  hence  be  utilized 
principal  focal  distance  of  1  metre  is  assumed 


Fio,  354  R. — Dispersion  of  Parallel  Rats  bt  a 


i 


which  has  this  principal  focal  distance  is  callec 
refractive  power  a  dioptry  (D).  If  2  metre  len» 
tioii,  twice  the  refractive  power  is  obtained,  nai 
The  principal  focal  distance  is  now  one  half  thj 
i.  e.,  \  metre  ^^  5()  cm.  Instead  of  placing  2  me 
we  axiiy  grind  a  lens  whose  curvature  is  twice  as 
of  t'urvature  is  half  iis  large)  as  that  of  the  singl 
get  a  lens  of  a  2-dioptry  refracting  power  and  a 
of  50  cm.  In  analogous  fashion  a  lens  of  4  D  wo 
fucal  distaTirt*  of  the  metre  lens — i.  e.,  100  cm. 
of  1  n  n^fractive  jwwer  ha8,  on  the  other  hand,  f 
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cm.  XJ  =  200  cm.  The  focal  distance  of  a  lens  of  n  D  is  thus  100 
cm.  -k-  n.  The  trial  cases  ordiDarily  employed  for  examining  the  eye 
contain  lenses  from  0.25  D  [or  0.12  D]  up  to  20  D. 

IJ7.  The  lenses  so  far  considered  have  been  biconvex  and  bicon- 
cave. In  addition  to  these  plano-convex  (Fig,  355  A)  and  plano-concave 
(Fig.  355  B)  lenses  are  employed,  the  refract  inj?  power  of  which  is  one 
half  of  that  possessed  by  doubly  tnirved  lenses  having  the  same  surface 
curvature.  There  are  also  lenses  une  surface  of  which  is  convex, 
the  other  concave.  If  the  radius  of  cur\'ature  of  the  two  surfaces 
is  the  same,  so  that  they  are  parallel  with  each  other,  the  glass 
acts  like  a  plane  glass.  This  is  the  case  in  the  coquille  or  cun^d 
protective  glasses.  Such  lenses  have  refracting  power  only  when  the 
curvature  of  one  surface  surpasses  that  of  the  other  (meniscus).  If  the 
convex  bulges  more  than  the  concave  surface,  the  lens  acts  as  a  convex 
lens  (positive  meniscus,  Fig.  355  C),  If,  on  the  contrary,  the  concave 
is  more  strongly  curved  than  the  convex  side,  the  combination  acts  as  a 
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FlQ.  355.— jli,  plan o-eoQ vex  le^;   B,  pliuio-«oQCAve  lenji;    C,  positive  meniscuta;    D,  oegAtive  i 
ens;    E,  conveai  oylindricfü  \enn;    F,  concave  cylindricid  hna. 

'concave  lens  (negative  meniscus,  Fig.  355  D).  Menisci  have  the  ad- 
vantage over  ordinär)^  lenses  that  we  see  as  distinctly  when  looking 
through  the  marginal  jx)rt!on  of  the  glasses  as  when  looking  through 
their  center»  while  ordinary  lenses  give  distorted  images  when  we  look 
through  their  marginal  portion.  Hence,  menisci  are  also  called  peri* 
scopic*  glasses.  They  are,  however,  only  suited  for  wT.ak  glasses,  since 
the  higher  numbers  of  menisci  are  too  heavy.* 

Besides  the  len.ses  just  given,  which  are  called  collectively  spherical 
lenses,  there  are  also  cylindricai  lenses.  If  we  imagine  a  segment  cut 
out  of  a  cylinder  (Fig.  356),  this  segment  forms  a  convex  cylindrical 
lens  (Fig.  355  E).  Rays  which  impinge  on  such  a  lens  in  a  plane  that 
passes  through  the  axis,  a«,  of  the  lens,  suffer  no  deviation.  Rays,  on 
the  other  hnnd,  which  lie  in  a  plane  perpendicular  to  the  axis  (corre- 
s}>ondjng  to  665)  undergo  the  maximum  refraction — i.  e.  that  which 
would  correspond  to  the  curvature  of  the  cylindrical  surface.    The  same 

1  From  rf^i,  about,  ami  vnowtt»,  to  aec. 

'(Certain  \ense9  in  the  form  of  menipri  arf  gronnd  with  n.  toric.  iant^Ail  of  »  »pherir&l  «lurfiiee.    A 
lOri^  aurfAoe  in  one  fteueratetJ  by  rtitntiu«:  b  rtrele  nbout  »om«  puint  other  than  it»  center. — D.] 
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thiiiR  ia  true  of  concave  cylindrical  lenses  (Fig.  3 
regarded  as  representing  the  mold  of  the  positive  c; 
Since  cylindrical  lenses  refract  unequally  the 
them  in  different  meridians,  they  are  calculated 
idifference  in  refractivity  existing  in  the  different 
they  serve,  accordingly,  to  correct  regular  astigmat: 
Priems  are  employed  for  glasses  either  alone  oi 
The  number  engraved  upon  prisms  indicates  their 
deflection  which  the  rays  undergo  amounts  in  th( 
to  one-half  this  angle.  Prisms  find  their  chief  appl 
of  equilibrium  of  the  ocular  muscles. 

Protective  glasses  for  shi< 
light  are  made  of  various  s 
glass  (London  smoke).  The 
glasses  are  the  best,  since 
part  of  the  light  that  comes 
protective  glasses  [euphos,  e 
violet  rays,  see  page  25;  . 
see  page  52. 

Stenapcßic^  spectacles  cc 
disk  of  metal,  in  which  is  pU 
or  a  narrow  slit.  They  ar( 
with  advantage  in  cases  of  c 
are  adapted  for  those  cases 
pupillary  area  of  the  cornea 
part  is  occupied  by  a  semitra 
iness,  which  by  diffusing  the  light  causes  confused 
held  before  the  eye  in  such  a  way  that  the  apert 
transparent  portion  of  the  cornea,  the  latter  alone 
the  opacity  which  causes  the  confusion  is  exclud 
only  a  very  small  field  of  vision  in  looking  thro 
and  since,  moreover,  he  can  not  move  his  eye  aboi 
spectacles  are  not  suited  for  going  about,  but 
patient  (who  can  best  manage  them  by  holding 
read  when  it  would  be  impossible  to  do  so  in  any  ( 

Old  System  op  Numbering  Lenses. — In  times  gone 
bered  according  to  the  metxic  system,  but  according  to  the 
present  most  opticians  sell  lenses  of  this  sort.  The  unit  ' 
the  okl  synfem  of  numbering  was  a  lens  of  1-inch  focal  dist 
focal  distance  has  only  a  tenth  part  of  the  refractive  power  o 
tu  denoted  by  the  figure  ^;  for  the  same  reason  a  lens  of 
ctalled  a   ,V.  ^cns,  and  so  on.     The  refractive  power  of  the 

'[Prijinm  are  often  and  much  better  numbered  by  their  deflecting 
pnMu-aioplfn^^,  A  cenlrad  (denoted  by  the  Hign  v)  ia  the  one-hundred 
ill  loiieihtu  UieradiuH  (i.  e.,  if  n  deflection  of  0.57^.  A  prUm-dioptri 
EiiiiEk  whi»i^  tAnKPnt  im  0.01,  i.  «^,  correspondn  to  a  deflection  of  1  cm.  a 
iiri?  praclicftlly  Interchangeable,  since  a  prim»  of  n  centradu  and  one 
«Jmmt  precwely  equivalent  to  a  prinm  of  n°  refracting  angle. — D.J 
*  From  ffTci4i,  narrow,  and  o»ij,  peep-hole. 


Fio,  356.— The  Convex 
Ctliwdrjcai.  Lens  Con- 
»rDERttJ  la  A  Segment 
OF  A  Cylinder. 
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a  fraction  whom  denominator  is  the  priDcipid  focal  distance,  in  accordance  with  the 
law  that  the  relmctivc  power  is  the  reciprocal  of  the  focal  distance.  Upon  the  lenses 
tbein>eN«B  are  engraved  not  the  fractions  but  their  dcnomlnators^i,  e.,  lite  focal 
«ÜBtanoes.  The  numbers  contained  in  the  old  cases  of  glasses  run  ordinarily  from  the 
weakeel  ifaaa.  No.  80,  up  to  No.  2,  or  IJ.  To  speak  precisely,  thcee  numbers  do  not 
give  the  focal  disianeea  of  the  ghisses,  but  their  radii  of  curvatujre.  The  optician  does 
not  grind  letkses  of  a  certain  refractive  powej-,  but  lenses  of  a  certain  curvature— cor- 
responding  to  the  curvature  of  his  grinding  tool — and  marks  the  radius  of  cur\iituro 
upon  the  glaae  aa  its  number.  And,  in  fact,  if  the  iniiex  uf  refraction  of  the  glass  is 
1,5,  the  radius  of  curvature  of  a  bicon\'ex  or  biconcave  \enä  is  rt|utd  to  its  focal  dis- 
tance. But  as  the  glass  used  for  lenses  almost  always  has  a  higher  index  of  refraction 
than  this,  the  focal  distance  of  a  lens  is  ordinarily  siimewliat  lesft  llian  the  number 
CQgraved  upoit  the^laas.  In  practice  tliis  small  difTerence  can  be  neglect ed^  and  it 
therefore  was  an  important  advantage  which  the  old  system  of  numbering  glasses 
had  to  offer,  that  from  the  number  of  the  glass  one  knew  at  once  its  focal  distnnf^, 
and  chd  not  have  to  calculate  it,  as  with  the  metric  system.  To  comperLsate  for  this, 
the  old  system  of  numbering  had  so  many  disadvantages  tliat  it  was  seen  to  be  neces- 
sary to  give  it  up.  The  refractive  power  of  the  lenti  was  expressed  by  fractions,  which 
made  the  work  of  calculating  the  value  of  lenses  rather  complicated.  The  very  »mit 
of  the  system — namely,  the  inch — varied  in  magnitude  in  the  difTerent  countries, 
so  tliat  a  No»  10  glass  bttught  in  Paris  liad  a  different  focal  distance  from  tJiat  of  one 
of  the  same  nimilxir  wliich  had  been  made  in  London  or  in  Vienna,  And  anyhow, 
as  a  matter  of  fact,  the  inch  everywhere  is  bound  to  drop  into  obLvion.  So  when  Xagel, 
in  1866,  first  proposed  the  metre  lens  slh  the  tin  it  of  a  new  »ystem  of  nimieration,  his 
idea  soon  found  acceptance,  and  finally  also  i^oKsed  into  practical  use,  after  an  inter- 
national commission  appointed  for  this  purpose,  upon  the  motion  of  Moooyer»  hail 
declared  itself  in  favor  of  the  metric  system  of  designating  glius-ses. 

The  conrersüm  of  the  numbers  of  one  s^-Btem  into  thot^?  of  the  other  is  very  simple. 
The  metre  me-asures  from  37  to  39  inches,  according  to  the  length  of  «he  inch  in  dif- 
ferent countries.  If  we  are  not  concerned  in  making  a  precise  cKtimate,  we  may,  in 
order  to  be  able  to  carry  the  calculation  in  our  heads^  regard  the  metre  as  ulMiut  40 
inches  {the  more  so  as  the  old  No.  40,  owing  to  tlie  somewliat  high  refractivity  of  the 
l^ftfli — iee  supra — had  generally  a  focal  distance  of  somewliat  less  than  40  inches). 
A  glass  of  40  inches  fotml  distance  (i^<^  glass)  is  therefore  atxjut  a  dioptr>\  A  No.  10 
gloäs  {^) — i.  e.,  of  10  inches  focal  distant^e — has  one  fourth  the  focal  distant^  of  a 
No.  40  glass,  and  is  therefore  four  times  as  strong  as  the  latter;  it  is  accordingly  4 
dioptrics.  Hence,  we  get  at  the  value  of  the  old  niunber  m  dioptrics  if  we  divide  40 
by  the  old  number.  The  conversion  of  the  new  numliers  into  tlic  old  is  dofie  in  a  simi- 
lar way;  e.g.,  a  glass  of  5  D  has  one  fifth  the  focal  distance  of  1  D,  The  latter  is  about 
40  inches;  a  glass  of  5  D,  thereff>re,  has  a  focal  distance  of  40^5  ^8  inchei*.  Hence, 
the  old  numlxjr  is  converted  into  the  new,  or  the  new  into  the  old,  by  dividing  40  by 
the  given  number,  when  the  nimiher  in  the  other  system  is  then  at  once  oblaine^L 

The  problem  very  often  confronts  the  physician  of  determining  the  strength  of 
a  glass  wliich  the  patient  brings  along  with  him.  If,  as  is  generally  the  case,  no  great 
precision  is  required,  we  may  employ  the  following  methods  for  determining  ifw  strength 
of  a  ferw: 

I,  Direct  measurement  of  the  focal  distance.  We  station  ourselves  with  the  glass 
— HUppofling  it  to  be  a  strong  convex  glass— ^close  to  the  wail  of  a  room  which  is  siimited 
opposite  the  window,  and  throw  with  the  glass  an  image  of  the  window  [or,  better, 
of  some  outside  distant  object]  upon  the  walL  Then  we  measure  that  distance  of  the 
glass  from  the  w^all  at  which  the  image  is  the  sliarpest.  This  distance  gives  the  principal 
focal  distance  of  the  glass  directly.  Suppose,  for  instance,  the  distance  to  be  20  centi- 
metres; then  the  number  of  the  glass  would  be  100 -i- 20  —  5  D.  Tn  doing  this  the  not 
quite  proper  assunrption  is  made  that  the  window  is  at  an  infinite  distance  from  the 
g^asB,  since  the  principal  focus  is  the  point  of  union  of  mys  that  are  parallel — i.  e., 
come  from  an  infinite  ciiatance — when  they  impinge  from  the  lens.     But  this  error  is 
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negligihle  when  the  window  is  distant  not  hss  than  5  met 
distances  this  prot*edure,  however,  in  not  applicable.     Mow 
weak  convex  glasses,  which  do  nor  afTord  a  sutniHently 
cuvo  glassea,  which  do  not  pro<^luce  a  real  imai^e  at  all. 
add  to  the  glas»  to  be  test^xl  a  strong  convex  lens  of  knoi 
mine  the  foc^l  distanoo  of  the  two  together,    llien  from  tl 
gponding  to  the  combined  focal  dintant^  niiiÄt  be  subtraq 
added.    Suppose,  for  example,  that  we  have  found  tliat  a 
tt  lens  of  f  10  D  throws  a  distinct  image  upon  the  wall  at 
distance  of  14  cm.  corresponds  lo  7  I\  for  !(X)-t-  14      7.     I 
one  of  10  D,  the  glaa«  which  is  lieing  determintHl  mviHt   bt 
therefore  a  concave  glass  having  a  refracting  j>ower  of  S 
2.  If  we  have  a  case  of  glasses  at  our  disposal,  we  del 
of  a  lens  mowt  speedily  by  phicirvg  leni«eö  of  the  contrary 
found  a  lens  which  completely  neutrali/efe  the  first  one. 
the  number  of  a  concave  lens  we  would  keep  adding  to  ü 
vex  lenfles  until  the  comi>jned  action  of  l>oih  lenses  ia  the 
TJiis  is  the  case  when  vision  through  the  combination  is  1 


Fig.  357. 

A,  Franklin  kUs^,  B  und  C,  bifocaJl  rIbu"«  for  an  old  h>perra«*tropc, 

tion  ftiiii  hence  need?  for  ijear  work  a  glüis»  3  D  »troa| 

eye.  A  still  more  certain  way  of  deciding  this  question  ia 
If  we  look  at  a  distant  object  through  a  concave  glass  and 
fro  before  the  eye,  the  object  execute*!  an  apparent  movei 
the  gla£s  does;  but  if  we  look  tlm^ugh  a  (Xinvex  gla»«), 
the  object  takes  place  in  the  contrarj--  direction,  Henc©, 
HUiJerimfKjöC'd  glasses  is  in  exces«  of  the  other,  we  get  a  pa] 
direction  or  the  other — a  displacement  which  disappears 
perfectly  equivalent  glaBaes  of  different  sign.  ^ 

The  general  pnwititioner  wiio  does  not  c^ve  to  buy  q 
along  with  one  Imviiig  a  8 mailer  numl>er  of  glasses  (10  t^  ; 
cave),  ajs  by  their  combimition  he  can  produce  the  other 

The  effect  of  the  glafitses  depends  not  only  u|mn  the! 
upon  their  distance  from  the  eye.  flenerally  ^(leaking 
is  weakened  and  of  convex  glas^^es  is  strengthened  t)ie  fai 
apex  of  the  cornea.  [This  is  true  for  (li,'^tance  glasses,  I 
is  also  tru*  i>f  concave,  but  not  of  convex  reading  glasaes 
latter  is  increased  or  is  diminished  by  rarrjing  them  off  1 
on  the  strength  of  the  glass,  partly  on  the  distance  of  thi 
that  the  effect  of  glasses  is  altered  by  carrying  them  away 
in  estimating  the  refraction  by  the  direct  mellKKl  (H*»e 
mo?^cop*i  iä  held  at  the  proyier  <^li8tance  (about  half  an 
the  estimate  will  !)e  faulty. ^IX] 


[Flu.  358  A.J 
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THE  THEORY  OF  GLASSE^S.  799 

Tlie  stronger  llie  glass  the  greater  tlw»  influence  which  its  distance  from  the  eyo 
exerts.  For  thia  reajson  th^  intervalj*  l>elwc?en  the  separate?  rmmbcir»  are  not  required 
to  be  so  numeroim  m  the  case  of  tho  ötronger  glasses  :ih  in  tlie  weaker  onc^.  Mince  ihe 
effect  of  the  fornit^r  c^in  he  reatlUy  increased  or  weakened  by  sLght  alt^raiionn  in  it« 
diwtantxir-  'This  cliange  of  «trt'ngtii  Iroiji  change  of  diötiinee  is  mainly  uf  advantago 
to  those  tliat  have  tieen  operate^i  ui-Kjn  for  calumet,  who  ix>ssesfl  no  jxnver  of  accom- 
modation, and  hence  with  tlieir  strong  cunvcx  gla^sefi  can  never  have  their  sight  ad- 
just^ except  for  one  definite  diatanc-e.  By  slightly  displacing  the  glass  they  *o  far 
help  matters  tliat  with  the  same  glass  they  can  see  sometimes  a  little  closer  to  them, 
sonieiimes  a  little  farther  off. 

In  prescribing  glasses  attention  should  he  paid  t^  having  the  centers  of  the  glaes^e 
separated  from  each  other  as  far  as  are  the  pnf)ib  of  the  person  wearing  the  glasses, 
otherwise  he  would  be  looking  through  I  he  edgt?**  of  tlie  latter.  In  tlua  case  the  imagea 
are  leas  distinct,  ajjd,  moreover,  rhe  glassf«  then  act  like  weak  prisniö,  [In  reading,  the 
visu-'d  lines  are  convergeti  and  directed  downward.  Hence  in  a  rexuling  glase  the  centers 
of  the  lenses  !*hould  Ik*  appn>ximatetl  3  mm.  and  dropped  3  mm,,  and  the  lenaoa  them 
selves  should  be  tiltetl  forward  about  lO**,  so  that  the  visual  line»  shall  strike  them 
perpendicularly  and  m  their  centers.  Even  for  distance  glasses  this  is  advi.^>lf%  since 
most  of  our  seeing  is  done  somewhat  below  the  hori^sontal  plane. 

Miiny  prefer  mcninciLs  ami  especially  torie  glasses,  bec^auae  ihey  give  a  somewhat 
larger  field  of  distinct  vLnion,  Eiut  in  the  case  of  strong  convex  lensc^s  of  this  ty|>c,  the 
cent4?ra,  owing  to  the  concavo-convex  fonn,  are  thrown  so  far  from  the  eye  as  ciftcn  to 
make  the  glasses  appreciably  too  strong  (see  page  798 j. — DJ 

It  is  frequently  the  case  that  a  person  needs  glasses  both  for  distant  and  near 
vision,  but  of  a  different  strength.  This  is  especially  true  of  presbyopes.  The  glitss 
for  near  work  in  iho^  who  wear  concave  glaase»  must  be  less  concave  or  actually  be 
convex,  in  those  who  wear  convex  glasses  must  be  more  convex  than  the  ch^tance 
glaas.  Hence  in  order  to  avoid  changing  the  glasses  constantly,  apectach^s  have  been 
ConstructAHl  which  have  a  .stronger  refractive  |>o\ver  in  the  lower  part  than  in  the  upper. 
The  first  f>erson  to  make  such  a  glass  was  Franklin  who  constructed  it  for  his  own  use 
by  joining  together  two  half  lenses  in  such  a  way  that  they  were  in  contact  along  a 
horizontal  line  (Tig.  .'357  A).  Since  the  horiÄontal  dividing  line  causes  a  good  deal  of 
confusion  when  the  gaze  is  directed  straight  for\vard,  such  glaases  are  now  so  constructed 
that  the  frame  contains  the  glass  designed  for  the  distance,  and  uiKJti  the  lower  part 
of  this  is  c'ctnented  a  lijaster  or]  i^rnall  semilunar  convex  lens  (bifocal  glass,  Fig,  357, 
B  and  C).  In  near  vision,  in  which  the  visual  plane  is  depresseilj  the  eye  looks  through 
this  part  of  the  glass,  while  for  distant  v^ision  the  upper  part  of  the  glass  is  xtmL  [In- 
steal i  of  cementing  the  segment  upon  the  distance  glass,  it  may  be  fused  or  ground  into 
the  latter  (fuscfl  bifocal,  kryptok).— D.] 

The  only  advantage  that  glasses  made  of  rock-crystal,  which  are  much  dearer 
than  those  ground  from  glass,  have  over  the  latter  is  that  on  account  of  their  superior 
hardncsss  they  are  less  easily  scratched — ^an  advantage,  however,  which  is  of  conse- 
quence only  in  convex  lenses. 

[Strength  of  Cylindkrs:— The  indicated  strength  of  a  cyUnder  is  the  refractive 
power  of  the  strongest  refracting  meriilian,  i.  e.,  that  which  is  at  right  angles  to  the 
axis»  Tlius  a  cylinder  of  -f  2  D  is  one  in  which  this  meridian  has  the  same  refractive 
power  as  a  +2  D  spherical  lens.  The  axis,  on  the  contrary,  baa  no  refractive  jKJwer; 
i>  e*.  in  the  plane  of  its  axis  the  cylinder  arts  like  |ilane  glass, 

Axi,s  OK  CYLiN:DEits:^.\ccord!ng  to  the  notation  prevailing  in  this  country^  the 
direction  of  the  axis  of  a  cylinder  is  indicated  by  the  angle  which  it  makes  with  the 
horizontal,  the  angles  b+^ing  nnmbere*]  conlinuously  frr»m  if,  which  is  .'situated  at  the 
left  siiJL»  of  cither  eye  (nasal  side  of  tlie  right  eye,  temporal  siile  of  the  left  eye),  round 
to  180**  at  the  right  side  of  the  eye.    This  system  is  «hown  in  Fig.  358  A. 

Arcording  to  another  system  the  vertical  meridian  is  indicate«!  by  0*  or  F,  and 
from  tlris  j^oint  Ifje  angles  are  numbered  on  either  side  to  90°  (or  //)♦  which  is  the  hori- 
aontal,  those  angles  on  the  temporal  side  being  indicated  by  /,  those  on  the  nasal  side 
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by  n.  This  system  is  shown  in  Fig.  358  B.  A  third  s; 
International  Ophthalmological  Congress  of  1909,  is  show 
are  niimbered  in  each  eye  from  QP  at  the  nasal  to  180^  at 

These  systems  are  also  employed  for  indicating  the  di 
— e.  Ki  prism  1°,  apex  at  75**,  indicates  a  prism  of  1**  n 
turned  to  the  left  15°  from  the  vertical. 

Combination  of  Glasses: — 1.  Two  spheres  of  the  sa 
to  their  sum;   e.  g.,  —3.00  sph.C  — 2.00  sph.——  5.00 

2.  Two  spheres  of  opposite  signs  make  one  sphere  e* 
two;    e.  g.,— 3.00  aph.  C  +  4.00  sph.  =  t  1.00  sph. 

3.  The  above  rules  apply  to  cylinders  when  both  hav 
cyl.  axis  90°  C  t  2.00  cyl.  axis  90°  =  +  3.00  cyl.  axis  90°;  j 
2.50  cyl   axis  90°  ^  — 1.50  cyl.  axis  90°. 

4.  Two  cylinders  of  the  same  sign  and  same  maxim 
angles  to  each  other  make  a  sphere  of  the  same  sign  and  sa 
axis  90°  C  H-  2.00  cyl.  axis  180°  ==  -h  2.00  sph. 

5.  A  cylinder  by  the  addition  of  a  sphere  of  equal 
is  eonvc!rted  into  a  cylinder  of  opposite  sign  and  with  it 
H-1.00  cyl.  axis  90°C  — 100  8ph.=^  —1.00  cyl.  axis  U 

6.  Two  cylinders,  of  which  one  (a)  is  plus,  the  othe: 
at  right  angle8,  make  either  a  plus  sphere  equal  in  strengi 
minus  cylinder  equal  in  strength  to  a +6  and  having  the  ax 
sphere  equal  in  strength  to  h  and  combined  with  a  plus  cylii 
jind  having  the  axis  of  a.  Thus  -^  2.00  cyl.  axis  90°  C  — 
H-  2,00  sph.  C  —  5.00  cyl.  axis  180°  or=  —3.00  sph.  C 
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CHAPTER  IL 


OPIICAL  PROPERTIES  OF  THE  NOR\L\L  EYE. 


(a)  Refraction, 

138,  By  the  refradion  of  the  eye  ive  77iean  its  optical  adjustment  trhen 
in  the  state  of  rest — i.  e.j  in  the  absence  of  any  accmnnwdatwe  effort.  The 
optical  adjustment  of  the  normal  eye  is  correct,  u  e.,  parallel  raj^s  im* 
pinging  upon  the  cornea  are  united  so  a^  to  form  a  sharp  image  upon  the 
n^tina.  The  retina,  therefore,  is  situated  at  the  principal  focal  distance 
of  the  dioptric  apparatus  of  the  eye,  and  thus  constitutes  its  focal  plane. 
Huch a  refractive  condition  is  called  emmetropia,^  E  (Donders), 

In  order  to  follow  the  passage  of  the  rays  through  the  refracting 
meilia  of  the  eye  we  tnust  know  precisely  the  curvature  of  the  refracting 
surfaces»  their  distance  from  each  other,  and  the  index  of  refraction  of 
the  imlividual  refracting  media.  On  the  basis  of  these  data  we  can  by 
a  complicated  calculation  find  the  path  of  the  rays  from  one  refracting 
surface  to  the  other  and  ultimately  to  the  retina.  In  order  to  facilitate 
this  calculation  for  practical  purposes^  Donders  has  devised  a  simplified 
schematic  model,  the  reduced  or  miiematic  eye  (Fig.  359  A),  This  has  an 
axial  length  of  20  mm,  {h*b)  and  consists  of  a  single  refracting  substance, 
which  has  an  index  of  refraction  of  t,  and  the  anterior  surface  of  which 
has  a  radius  of  curvature  of  5  mm.  Hence,  the  center  of  curvature  (k) 
lies  5  mm,  l>ehind  the  refracting  surface  and  15  mm,  in  front  uf  the  retina, 
wliich  is  at  a  distance  from  the  former  equal  to  the  principal  focal  distance 
of  the  eye  (20  mm,).  Since  there  is  only  one  refracting  surface,  its  center 
of  curvature  coincides  with  itv^  nodal  fmint  (nodal  point  of  the  eye) — i,  e,, 
with  the  point  having  this  property  that  all  rays  passing  through  it 
(** principal  rays")  undergo  no  refraction. 

This  schematic  eye  varies  very  essentially  from  the  normal  human 
eye,  the  principal  focal  distance  of  which  (axial  length)  amounts  to 
about  24  mm,  while  that  of  the  schematic  eye  is  assumed  to  l>e  only 
20  mm,  Moreover,  since  the  lens  is  left  out  of  the  latt>er,  we  must,  in 
order  to  get  a  sufficient  refractive  jxjwer,  make  the  radius  of  curvature  of 
the  anterior  refracting  surface  correspondingly  smaller  (5  mm,  as  opjxjsed 
to  7,5  mm,,  which  is  the  mean  value  of  the  corneal  radius).  However, 
calculations  in  regard  to  the  size  of  retinal  images,  of  difTusion  circles, 
etc.,  which  are  made  upon  the  basis  f>f  the  schematic  eye,  give  results 
which  approximate  very  closely  to  those  found  for  the  real  eye.  Hence, 
for  practical  purposes  the  schematic  eye  can  without  hesitation  be  made 
the  Imsis  of  calculation. 
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The  calculation  which  the  ophthalmic  practitioner  has  most  fre- 
quently to  make  concerns  the  size  of  the  retinal  image  of  a  given  ob- 
ject. To  do  this  the  size  of  the  object  and  its  distance  from  the  e}-e 
must  be  known.  We  find  the  retinal  image  of  an  object  by  drawing  from 
the  terminal  points,  o,  Oi  (Fig.  359  A),  of  the  latter  the  principal  ravs 
through  the  nodal  point,  k,  to  the  retina,  which  they  meet  in  b  and  fri. 
Accordingly,  b  b,  is  the  retinal  image  of  the  object  o  o,.  The  triangles 
o  o^k    and    b  b^  k  are  similar;    hence,  b  bj :   o  Oi  =  b  k:    ok,    and  so 

bb^  =  — ^- — v; — •     If  we  call  the  size  of  the  image  (6  b{)    B,  that  of  the 
object  (o  Oj)    0,  and  the  distance  of  the  latter  (o  k)  from  the  eye  E,  thai 

B  = „ -.     The  size  of  the  retinal  image  is  therefore  directly 

E 

proportional  to  the  size  of  the  object  and  inversely  proportional  to  the 


Fia.  359  A. — Reduced  (Schematic)  Etb  or  DosoKRa. 


distance  of  the  object  from  the  eye.    E.  g.,  a  rod  1  metre  high  placed  at 

a  distance  of  15  metres  from  the  eye  would  give  a  retinal  image  whose 

,  .      ,     ^       1.000  mm.  X  15  mm.       ,  _,,  .        ...  .         , 

altitude  B=  -     ^ =  1  mm.    This  rod,  if  approximated 

15,000  mm.  ^^ 

to  one  third  of  the  distance — i.  e.,  5  metres — would  give  a  retinal  image 

^  1,000  mm.  X  15  mm.       _  ^.u       *•  ^      .       v.  r  mu- 

of =  3  mm.  or  three  times  as  great  as  before.    This 

5,000  mm. 

sort  of  calculation  is  often  applied  in  order  to  discover  the  size  of  a 
diseased  area  of  the  retina,  corresponding  to  which  is  a  scotoma  in  the 
visual  field,  whose  size  can  be  determined,  by  examination.  The  sco- 
toma is  then  regarded  as  the  object  for  which  the  size  of  the  retinal 
image  is  calculated. 

(6)  VisiLol  Acuuy. 

139.  The  smaller  the  objects  that  an  eye  can  distinguish  or  the 
greater  the  distance  at  which  it  can  distinguish  an  object  of  given  size, 
the  greater  is  the  acuity  of  vision  that  it  possesses.  Suppose,  for  in- 
stance, that  the  eye  is  able  just  to  distinguish  the  object  a6  (Pig.  359  B) 
at   the   distance   ak.    Another,  better  eye  still  distinguishes  the  object 
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when  it  is  carried  twice  as  far  off,  to  the  distance  a^  k.  The  size  of  the 
retinal  image  «  ß^  is  in  this  case  reduced  to  half  of  that  in  the  former 
(ft  ß) — that  is,  the  vmusd  acuity  of  the  second  eye  is  twice  as  great  as 
that  of  the  first.  Instead  of  carrying  the  oljject  a  b  twice  lus  far  off,  we 
may  leave  it  at  the  same  tspot  but  make  it  half  a^  small  {a  lt^^).  in  this 
case,  too,  the  size  of  the  retinal  image  would  be  reduced  one  half.  In 
either  case,  thereforei  a  retinal  image  of  the  same  size  is  ublaiued,  and 
that,  moreover,  because  the  angle  c  remains  the  same.  Thin  angle  is 
subtended  by  the  rays  which  pass  from  the  terminal  point.s  of  the  object 
through  the  nodal  point  of  the  eye  to  the  retina.  It  is  called  the  rismd 
angle  (angulus  visorius),  and  is  the  true  measure  of  the  visual  acuity. 
For  estimating  the  visual  ac^uity— i.  e.,  the  minimum  visual  angle — 
there  are  from  the  above  e.vample  two  ways  open  to  us,  both  of  which 
are  made  use  of.  We  may  take  an  object  of  given  size  and  carry  it  off 
with  us  from  the  eye  until  the  farthest  |K)int  at  which  it  can  be  recognized 
is  reached.    This,  for  instance,  is  done  when  we  try  to  find  at  what  dis- 


Fio>  35Ö  B — BiHAVTom  or  TWii  Vinüit  Awat«  whuv  Onrwrrm  yaiit  im  Sit»  ahd  DinTAitcm* 


tance  an  eye  is  able  to  count  the  lingers  when  cxtenrlcd.  The  second  way 
consists  in  conducting  the  test  at  a  constant  distance,  olijects  of  different 
size  being  presented  to  the  eye  and  the  attempt  being  niiide  to  find  the 
minimum  size  which  the  object  can  have  and  still  \w  recogaized.  This 
method  is  employed  wlicn  we  test  the  visual  acuity  with  test  types. 

In  estimating  th<*  vision»  just  a*^  in  estimating  the  refractiiin,  the 
influence  of  the  accommodation  must  Ix^  excludcfl,  for  which  reason  the 
object  used  must  be  placed  at  a  distance  at  which  no  acco!nm<Hlutiun 
of  any  notable  amount  is  required,  i.  e.,  at  a  tlistance  of  5  to  ti  metres. 

What  ul>jc{'tH  are  ^M^st  adapted  for  tof/«^  Ihv  viswd  ncuiiyf  A  single 
dot»  the  flistance  of  wliich  from  the  eye  is  altered,  is  unsuitable  be<:ause 
the  visibility  of  a  dot  tlepends  lesH  upon  the  visual  angle  wliich  it  subtends 
than  upon  its  knninosity.  The  fixeil  stars,  nwliant  as  they  are,  are  noth- 
ing but  mathematical  fKiints  even  when  seen  with  the  most  powcrfid 
telescotx';  they  have,  therefore,  a  visual  angle  fH|ual  to  zero»  an* I  yet.  they 
are  seen  very  clearly.  Every  one  can  recall  that  a  cross  upon  the  top  of 
a  church  spire,  when  sparkling  in  the  luster  of  the  setting  sun,  was  seen 
at  distances  at  which  the  church  spire  itself  wa«^  scarcely  ilistinguishable. 
Henct*  wc  select  for  the  test  not  one  but  two  dots  (or  two  parallel  lines) 
and  then  determine  the  grcate-it  distance  from  the  eye  at  which  they  can 
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still  Ije  perceived  as  separate  objects.  From  this  i 
the  minimuAi  visual  angle,  which  for  a  normal  e; 
On  the  hsi^h  of  this  determination  Snellen  has  co 
Snellen' PI  test  types  are  placed  at  a  distance  of  6  i 
letters  of  varying  size  arranged  in  rows.  Each  ro 
same  mze,  and  has  a  number  inscribed  over  it. 
distance  in  metres  at  which  the  separate  letters 
normal  eye  under  a  visual  angle  of  5'.  For  e 
with  the  letter  F  of  the  row  with  the  superscri] 
a  distance  of  12  metres.  Like  all  the  other  lett< 
inscribed  within  a  square,  whose  sides  are  divide 
5  pmts  each  (Fig.  360).  If,  therefore,  at  12  n 
appears  under  an  angle  of  5\  the  angle  for  i 
This  is  the  minimum  visual  angle  for  the  normal 
tial  squares  correspond  to  the  < 
details  consequently  will  still  I 
eye.  Hence  the  numbers  st 
give  the  distance  at  which  ea 
under  an  angle  of  5\  and  its 
angle  of  T,  and  is  thus  the 
row  of  letters  can  be  made  ou 
If  the  distance  at  which  th 
greater  or  less  than  that  indicj 
or  less  than  normal.  The  \ 
expressed  by  the  ratio  bet^ 
which  the  letter  is  actually  recognized,  and  the 
ought   to   be  recognized,  and  which  is  inscribes 

iS  =  yj  (where  S  stands  for  sight — denoted  also 

Hence,  an    eye    that    sees    the   letter   F  (Fig.  \ 
^S  ^  f  I  =  L  As  a  general  thing,  however,  we  mak< 
nation   s^tand   always   at   the   same  distance  fr 
metres.    If  at  this  distance  he  distinguishes  the  lo 
written  over  it,  he  hasS  =  f  =  1;  but  if ,  for  insta 
the  uppermost  letters,  No.  60,  S  =  A-*    This  is 
visual  acuity,  but  we  always  write  the  fraction 
Many  test  types  have  been  constructed  on 
by  Snellen,  so  that  unity  in  the  denotation  of  th 
lost  and  with  it  any  plan  admitting  of  general  cor 
the^e  features,  the  International  Ophthalmologi 
jn  1909  adopted  the  test  types  constructed  by  I 
have  pronounced  them  international.     The  int 
designed  for  a  distance  of  5  metres  because  a  space 


:Pro.  300.  —  A  Letter 


io 


*|Iq  Ihia  country  and  in  England  tbo  distances  are  generally  « 
Huu  Ibal  ft  patient  at  20  feet  saw  the  line  marked  20. — D.] 


rCAL  PROPERTIES  OF  THE  NORMAL  EYE 


805 


by  the  Snellen  types  is  often  not  at  the  physician's  command.  The  visual 
acuity  found  is  expressed  in  clecimals.  These  are  placed  alongside  the 
several  lines  and  denote  the  visual  acuity  which  must  be  present  if  the 
two  figures  on  the  line  are  read  at  a  distance  of  5  metres.  This  means 
that,  for  example,  the  figures  on  the  line  marked  1.0  are  seen  under  an 
angle  of  5'  at  5  metres  and  their  details  appear  under  an  angle  of  l\  which 
just  represents  the  degree  of  visual  acuity  that  is  regarded  as  normal. 
For  number  0.5  this  would  be  the  case  at  10  metres.  If,  however,  one 
must  bring  it  up  to  5  metres  in  order  to  recognize  the  figures  on  the  line, 
he  would  need  for  this  purpose  twice  as  large  a  visual  angle,  and  would 
therefore  have  only  0,5  of  the  normal  visual  acuity.  This  way  of  denoting 
the  visual  acuity  differs  from  that  of  Snellen  only  in  the  fact  that  in- 
stead of  a  vulgar  fraction  tlie  equivalent  ilecimai  fraction  is  written,  e.  g.^ 
V  =  0,5  instead  of  V  =  tV.  The  plate  annexed  [Fig.  362]  is  a  reproduc- 
tion of  the  international  test  types  reduced  one-third.    Beside  figures  it 
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also  contains  the  rings  proposed  by  Landolt.  [Better  than  the  latter  are 
the  old  E^haped  figures  which  are  used  for  illiterates  and  children.  (See 
Fig.  36L)  These  have  the  advantage  that  they  are  more  readily  under- 
stood, especially  by  children,  than  those  of  Landolt  and  that  by  turning 
the  card  upside  down  or  horizontally  an  entirely  new  combination  of 
s^Tnbots  is  produced.— D.] 

In  determining  the  visual  acuity  for  near  the  accommodation  comes 
into  play  and  must  receive  consideration  accordingly.  The  testing  of 
vision  for  near  is  made  with  fine  print,  ef^pecially  with  the  lower  number» 
of  Jiiger's  or  Snellen's  test  types.  In  doing  this,  we  try  to  determine  two 
distinct  things— namel3\  what  is  the  smallest^-sized  print  that  can  be 
read,  and  what  is  the  least  and  the  greatest  distance  at  which  it  is  legible. 
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Fxo.  362. — Intebnational  Tbbt  Ttpbs,  Reduced  One-Thimd. 
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From  the  minimum  distance  at  which  the  print  can  be  seen  we  estimate 
the  accommcMiatioii  of  which  the  eye  is  capable,  while  the  maximum 
distance  depends  upon  the  refraction  and  the  visual  power  of  the  eye. 
It  is  evident  from  Fig,  359  B  that,  the  farther  an  object  is  from  the  eye 
the  smaller  is  its  retinal  image,  and  hence  the  greater  will  be  the  visual 
power  requisite  for  its  recognition.  Conversely,  the  retinal  images  enlarge 
as  the  object  is  approximated  to  the  eyes.  Hence,  the  smaller  the  objects 
are,  the  nearer  we  hold  them  to  the  eye.  Very  myopic  eyes  often  have 
defective  visual  acuity,  and  yet  pass  among  the  laity  as  being  excellent^ 
because  they  can  distinguish  extremely  minute  objects.  But  the  only 
reason  for  this  is  that  myopes  are  able  to  hold  objects  extremely  close. 
Again,  persons  with  diminished  visual  acuity  like  to  bring  objects  up 
extremely  cIos€\  so  as  to  get  quite  large  retinal  images  from  them,  and 
in  this  way  make  up  for  what  the  images  lack  in  distinctness  or  the 
retina  lacks  in  sensitiveness.  Such  persons  are  often  wrongly  regarded  as 
very  myopic. 

When  the  vision  has  become  so  reduced  that  the  largest  letters  of 
the  test  card  can  no  longer  be  recognized  at  6  or  5  metres,  the  patient 
must  go  up  nearer  to  it,  or  we  select,  instead  of  letters  or  numbers»  ob- 
jects that  are  easier  to  distinguish — e.  g.,  the  outspread  fingers^and  try 
to  find  at  what  distance  they  can  l>e  counted.  When  the  visual  acuity 
is  still  worse,  nothing  can  be  distinguished  but  the  movements  of  the 
hand  before  the  eye.  When  even  this  is  no  longer  the  case,  so  that  the 
eye  simply  distinguishes  light  from  darkness,  we  say  that  qualitative 
vision  is  lost  and  that  only  quantitative  vision — i.  e.,  mere  perception  of 
light' — is  present. 

Küchler,  in  184;^,  and  Arlt,  in  1844,  were  the  first  to  introduce  letters  of  different 
eize  (measured  in  lines)  as  a  standard  for  detemvining  the  viaual  acuity.  Ten  years 
later  Jag^r  published  his  scjile  of  types,  which  soon  acquired  general  acceptance,  and 
wMch  even  at  tlie  present  time  is  frecjuently  employed.  Practically  thi^  are  very 
useful,  einoe  they  present  a  gre^t  number  of  suceesaive  grades  in  the  eiie  of  the  lettere; 
the  objection  that  they  are  not  arranged  upon  any  scientific  principle  has  been  met 
recently  by  tlie  issue  of  a  modified  set  of  them.  The  teat  types  most  extensively  em- 
ployed are  those  of  Snellen.  Snellen  tias  based  I  hem  upon  the  assumption  that  the 
minimum  visual  angle  for  a  m>tmd  eye  amounts  to  1',  so  that  No,  6  of  the  t^st  types, 
the  detaili  of  which  appear  under  an  angle  of  1'  at  6  meters,  can  still  just  be  read  at 
this  distance.  He  has  therefore  assumed  i5  =^  |  as  the  nonnal  visual  acuity.  But  we  are 
not  to  suppose  that  this  is  absolutely  the  greatest  visual  acuity  that  there  is.  Most  eyes 
in  young  persons  see  No.  6  at  a  greater  distance,  as  far  aa  12  metres  or  even  farther, 
so  that  they  may  possibly  liave  S  —  V  —  2,  or  more.  8  =  J  is  accordingly  to  be  looked 
mxiu  simply  as  the  minimum  to  be  re<^uired  of  a  normal  eye;  if  the  visual  acuity  sinka 
below  this  minimum,  the  eye  is  nu  longer  to  be  considered  as  perfectly  nomml.  The 
eyes  of  very  aged  jKjrsons  are  an  exception»  as  such  people  even  without  any  diseaae 
often  show  a  visual  acuity  less  than  h  The  cause  of  this  lies  mainly  in  the  lessened 
transparency  of  the  ref meting  fiiedia  at  an  advanced  age,  and  more  particularly  in 
the  very  dark-colored  nucleus  and  imequal  refract ivity  of  the  lens. 

In  order  that  persons  who  have  a  vision  jS  >  J  may  not  have  to  go  beyond  a  dis- 
tance of  6  metres,  Snellen's  cards  are  provided  with  still  smaller  letters — namely,  with 
the  niunberB  from  5  to  2.    These,  moreover,  can  be  used  for  thoee  cases  in  which  the 
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physician  does  not  have  a  room  6  metres  in  length,  but  has  at  his  command  one  of,  aij, 
only  5  or  4  metres.  For  persons  who  can  not  read,  there  are  cards  with  figures  and 
with  hooks.  [See  Fig.  361.]  The  international  test  types  to  indicate  a  visual  acuity 
>  1  have  numbers  1.5  and  2.0. 

The  illumination  must  be  considered  in  making  the  tests  for  vision.  Artifieiil 
illumination  is  the  best  one  for  the  letter  card,  because  it  can  alwajns  be  made  of  the 
same  strength,  while  the  illumination  produced  by  daylight  varies  according  to  the 
weather  and  the  hour  of  the  day.  On  a  dark  day  we  must  correct  the  result  obtained 
from  the  patient  by  our  own  visual  power.  If  a  physician,  who  with  good  illuminatioii 
has  S^i  (International  1.0),  sees  on  a  cloudy  day  only  -f^  (International  0.5),  the  visml 
acuity  of  the  patient  found  upon  the  same  day  must  also  be  doubled.  [ThiSy  however, 
would  not  answer  if  the  patient  had  hemeralopia  (see  page  598). — D.] 

[If  the  examining  room  is  only  9  or  10  feet  long,  the  distance  can  be  doubled  bj 
placing  the  test  card  back  of  the  patient  and  making  him  look  at  its  reflection  in  a  mirror 
at  the  opposite  end  of  the  room.  In  this  case  the  card  must  have  no  symbols  but  those 
whose  legibility  is  unimpaired  by  mirror  reflection  (T,  X,  8,  etc.,  or  those  shown  in 
Fig.  361).— D.] 

To  know  the  absoltUe  viatud  acuity  of  an  eye  we  must  test  it  in  a  condition  of  eiD- 
metropic  refraction  and  with  the  accommodation  completely  relaxed.  If  the  eye  under 
examination  is  not  emmetropic  but  has  an  error  of  refraction,  it  must  first  be  corrected 
by  glasses  up  to  the  point  of  emmetropia  (E).  The  visual  acuity,  which  an  ametropk 
eye  shows  without  glasses  is  its  rdaiive  visual  acuity ^  and  furnishes  no  measure  iHÄt- 
ever  of  the  general  usefulness  of  the  eye  for  vision. 

(c)  Accommodation. 

140.  Suppose  that  we  hold  an  open  book  at  a  distance  of  about  40 
cm.  from  one  eye  and  the  point  of  a  pencil  at  about  half  this  dis- 
tance between  the  book  and  the  eye,  the  other  eye  in  the  meantime 
being  kept  closed.  We  can  soon  convince  ourselves  that  the  print  of 
the  book  and  the  point  of  the  pencil  are  never  seen  clearly  at  the  same 
time.  All  that  we  can  do  is  to  see  either  the  print  or  the  point  distinctly, 
and  it  takes  some  time  to  ** focus"  from  one  object  to  the  other,  and  in 
doing  this  a  change  is  felt  to  take  place  in  the  eye.  This  change  is  the 
accommodation,  which  is  alternately  thrown  into  a  state  of  tension  and 
relaxation,  so  that  the  optical  adjustment  of  the  eye  is  altered. 

Why  is  it  that,  when  we  have  our  gaze  fixed  upon  the  print,  we  do 
not  see  the  point  of  the  pencil  before  us  distinctly?  Because  we  see  it 
in  diffusion  circles.  What  does  this  mean?  If  the  eye  (Fig.  363)  is 
focused  for  the  rays  emanating  from  the  book,  5,  they  are  united  upon 
the  retina  at  b.  The  rays  coming  from  the  point  of  the  pencil  (5),  which 
is  nearer,  have  a  greater  divergence,  and  hence  if  the  condition  of  the 
refracting  media  remains  the  same,  are  simply  rendered  somewhat  less 
convergent  by  the  latter;  they  would  therefore  unite  at  8 — that  is,  be- 
hind the  retina.  As  a  matter  of  fact,  the  cone  which  they  form  has  its 
apex  truncated  by  the  retina.  The  section  thus  made,  which  represents 
the  image  upon  the  retina  of  the  point  s,  is  circular  because  the  base  of 
the  cone — namely,  the  pupil — is  circular;  hence,  we  say  that  the  point 
S  appears  upon  the  retina  under  the  guise  of  a  diffusion  circle.  Why 
vision  should  be  rendered  indistinct  by  the  diffusion  circles  is  easy  to 
understand.     Suppose  that  there  are  two  points  so  far  distant  from  each 


OPTICAL  PROPERTIES  OF  THE  NORMAL  EYE, 


809 


other  and  from  the  eye  that  when  the  latter  is  accurately  focused  they 
appear  as  two  öeparate  punctate  images  upon  the  retina  (Fig,  364  A); 
the  points  are  then  readily  recognized  as  two*  But  if,  in  consequence  of 
the  eye's  being  incorrectly  focused  for  the  position  of  either  point,  a 
diflfusion  circle  is  formed  upon  the  retina,  the  two  circles,  provided  they 
are  but  a  short  distance  from  each  other,  partly  overlap  (Fig.  364  B). 
and  the  eye  imagines  that  it  has  l>efore  it  ordy  one  elongated  point.  A 
line  (Fig.  364  C),  when  seen  in  diffusion  circles,  does  not  look  distinct, 
but  appears  broadened  and  hazy;  for  we  may  conceive  a  line  to  be  com- 


5-'C^ 
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Flo,  363« — The  eye  bdos  focumd  for  a  cert&in  distÄTic*-,  B,  fays  emanating  from  a  ] 
forin  a  tliiTui^ton  circle  upHsin  the  retina« 


'  point,  5, 


posed  of  an  infinite  number  of  points  placed  side  by  side,  and  if  each 
one  of  these  is  seen  as  a  diffusion  circle,  and  the  circles  to  a  great  extent 
overlap  (D),  the  narrow  line  is  converted  into  a  broad  band  (E), 

Vision t  then,  is  always  in  diffusion  circles  when  the  eye  is  not  proj>- 
erly  focused  for  the  object  of  fixation.  This  may  occur  not  only  through 
improper  accommodation,  as  in  the  example  selected,  but  also  on  account 
of  faulty  refraction,  such  as  myopia  or  hyper metropia.  All  indistinct 
vision  which  is  caused  by  an  anomaly 

of  refraction  or  accommodation  is  pro-     j4        B         C         D  E 

duced  by  diffusion  circles.  The  larger 
the  diffusion  circles  are,  the  more  indis- 
tinct is  the  vision.  We  must  therefore 
inquire  upon  w^hat  the  ^c  of  the  diffusion 
cirdes  de[»ends: 

1.  The  diffusion  circles  get  larger  in 
proportion  as  the  focus  of  the  rays  ema- 
nating from  the  object  get  further  from  the  retina.  Suppose  (in  the 
instance  alxjve  adduced)  that  the  eye  is  focused  for  the  book^  so  that 
the  fxjint  of  the  pencil  (S^  Fig.  365)  appears  in  diffusion  circles.  If,  now, 
a  second  object,  P,  is  brought  l?etween  the  book  and  the  eye  and  nearer 
to  the  latter  than  S  is,  the  adjustment  of  the  eye  for  this  object  will  vary 
more  widely  even  than  in  the  case  of  S  from  the  condition  requisite  for 
distinct  vision— that  is.  the  rays  w-ill  intersect  still  farther  behind  the 
retina  at  p,  and  the  diffusion  circle  will  be  correspondingly  larger.  We 
may  therefore  say,  the  more  faulty  the  adjustment  the  more  remote 
from  the  retina  is  the  point  of  union  of  the  rays;  hence,  the  further  from 
the  apex  of  the  cone  of  rays  is  the  intersection  of  this  cone  by  the  retina, 


\J 


Fig.  3iA. — DiFrusioN  CmcLEs. 
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and  consequently  the  greater  is  the  size  of  this  intersection — ^namely, 

the  diffusion  circle. 

The  other  factor  which  influences  the  size  of  the  diffusion  circle  is— 
2.  The  width  of  the  pupil.    The  pupil  forms  the  base  of  the  cooc 

of  rays;    the  smaller  it  is  the  smaller  will  be  the  section  of  the  cone, 

supposing  the  distance  of  this  section  from  the  apex  to  remain  the  same. 

If  the  pupil  (Fig.  366)  contracts  from  the  size  a  a  to  the  size  6  6,  the  dif- 
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Fio.  365. — Varying  Size  of  the  Diffusion  Circles  According  to  the  Distancb  vbom  thx  Rstdia 

or  THE  Focus  op  the  Rats. 

fusion  circle  of  a  point  P  will  be  at  the  same  time  reduced  from  Oj  Oj  to  6,. 
When  one  of  two  equally  near-sighted  persons  sees  better  at  a  distance 
with  the  naked  eye  than  the  other  does,  it  is  owing  to  the  fact  that  the 
former  has  narrower  pupils.  Short-sighted  persons  often  believe  that 
they  become  less  near-sighted  with  increasing  years  because  they  see 
better  at  a  distance;  but  this  is  often  simply  due  to  the  circumstance 
that  their  pupils  diminish  in  size  with  age.  Far-sighted  persons  who  are 
compelled  to  read  close  to  them  without  convex  glasses  try  to  get  as 


Fig.  366. — Varying  Sieb  of  the  Diffusion  Circles  with  varying  Width  of  the  Pum« 


brilliant  an  illumination  as  possible,  so  that  their  pupils  may  become 
very  greatly  contracted  and  thus  diminish  the  size  of  the  diffusion  circles. 
The  same  object  is  secured  to  a  still  greater  extent  by  placing  a  fine 
stenopseic  aperture  before  the  eye.  This  allows  only  a  very  narrow  beam 
of  rays  to  pass,  and  reduces  the  diffusion  circles  so  greatly  that  they 
no  longer  exert  a  disturbing  effect.  If  we  repeat  the  experiment  made 
above  of  attempting  to  look  simultaneously  at  the  book  and  the  pencil 
point,  and  while  we  are  doing  it  hold  a  minute  aperture  before  the  eye, 
we  see  the  print  and  the  pencil  point  distinctly  at  the  same  time.  By 
means  of  a  stenopaeic  aperture  myopic  persons  can  see  distinctly  at  a 
distance  even  without  concave  glasses. 


OPTICAL  PROPERTIES  OF  THE  NORMAL  EYK 


811 


The  pupil,  being  the  base  of  the  cone  of  light,  determines  not  only 
the  size  but  aho  the  shape  of  the  diffusion  eiri-le,  which  accurately 
mirrors  the  shape  of  the  pupil.  In  this  way  it  happens  that  persons 
with  irregular  pupils  (owing,  for  example,  to  posterior  synechia?)  are 
very  well  able  themselves,  to  perceive  these  irregularities  entoptically. 

In  making  the  above  experiment  with  the  pencil  and  book*  we  feel 
that  the  eye  is  called  upon  to  make  an  active  effort  when  it  is  directed 
b}*  a  process  of  adjustment  from  the  more  distant  book  to  the  less  dis- 
tant pencil.  In  the  same  way^  although  not  quite  so  distinctly,  w^e  feel 
a  rehixation  of  this  effort  when  adjustment  is  made  for  the  book  again. 
It  may  i>e  concluded  from  this  that  the  change  of  adjustment  from  a 
more  distant  to  a  less  distant  point  Is  an  active  process — i.  e.,  a  muscu- 
lar effort,  which  we  call  accommodation*  On  the  other  hand,  the  relaxa- 
tion of  the  accommodation  by  which  the  aye  is  again  adjusted  for  a  greater 
distance  consists  in  a  relaxation  of  the  contracted  nmscle.  When  in  a 
state  of  perfect  rest,  the  emmetropic  eye  is  adjusted  for  infinite  distance. 
This  condition  of  adjustment  we  find  existing  when  the  ciliary  muscle  is 
completely  relaxed,  either  naturally  from  paralysis  of  the  oculo-motor 
nerve,  or  artificially  from  the  use  of  atropine. 

The  meckanism  of  accommodaimn  w*as  determined  mainly  by  the 
investigations  of  Helmholtx.  It  depends  upon  the  elasticity  of  the 
lens,  owing  to  which  the  latter  always  tends  to  approximate  to  the 
shape  of  a  sphere.  In  the  living  eye  the  lens  is  indosed  in  a  capsule 
which  is  attached  to  the  ciliary  body  by  the  fillers  of  the  zonula  of  Zinn, 
These  fibers  are  tightly  stretched,  and  hence  exert  a  uniform  traction 
from  all  sides  ujxm  the  capsule,  so  that  the  latter  and  the  lens  as  well 
are  flattened.  The  elasticity  of  the  latter  can  make  itself  apparent  only 
when  the  tension  nf  the  fibers  of  the  zonula,  and  hence,  too,  of  the  cap- 
sule of  the  lens,  is  relaxed.  This  takes  place  most  completely  after 
division  of  the  fibers  of  the  zonula.  When  %ve  remove  tlie  lens  from  the 
eye  of  a  young  person,  we  see  it  assume  a  spherical  shape  immediately 
upon  the  division  of  its  connections.  The  same  thing  is  observed  in 
traumatic  luxation  of  the  lens  into  the  anterior  chamber.  In  the  act  of 
accommodation,  the  relaxation  of  the  zonula  is  effected  by  the  contrac- 
tion of  the  ciliary  muscle.  It  is  the  annular  layer  of  fibers  of  the  latter 
(Müller 's  portion;  see  Mu,  Fig.  143)  that  is  mainly  of  account  in  accom- 
plishing this.  When  this  fil>er  layer  contracts,  it  lessens  the  size  of  the 
circle  formed  by  the  ciliary  processes  by  approximating  their  apices  to 
the  border  of  the  lens  (shown  by  the  black  line  in  Fig,  367).  In  this  way 
the  spare  between  the  ciliary  body  and  lens,  that  is  bridged  over  by  the 
fibers  of  the  zonula,  is  contracted  and  the  zonular  fibers  themselves  are 
relaxed.  It  is  the  task  of  longitudinal  fibers  of  the  ciliary  musde  (Brücke's 
portion;  M,  Fig.  143)  to  reinforce  the  action  of  the  circular  fibers. 
The  former  ha%'e  their  anterior,  fixed  insertion  in  the  corneo -scleral 
margin,  while  their  posterior  extremity  loses  itself  in  the  movable  cho- 
rioid.     By  the  contraction  of  these  fibers  the  flat  portion  of  the  ciliary 
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body  and  the  most  anterior  portion  of  the  chorioid  are  drawn  forwmtt^ 

and  thus  the  rehixntion  of  the  fibers  of  the  zonula  which  lie  upon  the 
8Urface  of  tliese  structures  h  fariUtuted;  !mt  the  main  |>art  of  the  work 
of  acconuiH^dation  always  falls  upon  the  annular  fil>ers  of  the  ciliary 
muscle,  for  which  reason  we  find  these  fibers  particularly  well  developed 
in  eyes  which  have  to  accommodate  a  good  deal— e.  g.,  those  of  hyp«^ 
metro  pes  (see  Ftp:.  379). 

By  the  relaxation  of  the  zonula  the  tension  of  the  lens  capsule  h 
diminished,  so  that  the  lens  is  enabled  in  conformity  with  its  elasticitj 


I 


Flo,  3Ö7.— BcBEWATic  Representation  of  the  FnoctM  of  Accomiiodatto». 

Tho  relntjon  of  thp  partt^  "vrhen  the  nccommotliittDn  ia  at  rent  \^  tie^ijgji&ted  by  the  sli»cled 
tlouR,  &od  the  relatiofi  when  there  in  an  eHort  of  acicomniixlation.  by  the  thick  hUck  Une. 
iiigr  it  look»  UH  if  the  xonulH  Äbern  were  runmiiis  thruujch  the  ciliary  procetu»^     ]n  r*  "it^    o 
sonulo  for  the  mtwt  part  lie  iii  the  depi^«iio-Q»  between  the  «rttiary  prooe«»e«i,  a» 
era!  »hjpes  of  the  «ihary  proees«  that  is  repreeenteti  in  the  drawitiff.     With  th«  —  ^ 

necte«!  by  riunicrotjt  fibers  ami  henee,  when  the  rVhary  proceaae«  advance  towüi ^.^  , ...,  aaI«  «#* 

the  eye^  the  ronuJa  hitcr«  are  taken  alunir  ^ith  them  ana  are  likewiM*  pu^herJ  inwards;  and  to  a  f^ten- 
ftponaine  amount  the  equator  of  ihe  lerif*  recede«  toward  tbe  aftgittai  axii»  of  the  eye.     Both  surfaev 
of  the  Icn«  l>ecciinc  mure  curved  and  theaQterior  i>urface  i»  advaneeid.    The  iris  ia  brofttler  mad  ai  i 
pupillary  border  j»  di^laced  forward;  at  it«  ciUary  bonier  baekward. 


to  assume  a  more  curved  shape.     At  the  same  time  there  is  necessarilj 
produced  a  corresponding  decrease  in  the  equatorial  diameter  of  tl 
lens.     The  equator  of  the  lens,  accordingly,  recedes  inward  toward  tl 
axis  of  the  eye,  and  is  thus  kept  from  coming  into  contact  with  the 
ciliary  processes  as  they  advance. 

[Tscheniing  believes,  in  opposition  to  HelmhoUz.  that  contrartion 
of  the  ciliary  muscle  causes  a  tightening,  not  a  relaxation,  of  the  zonula  J 
and  that,  consequently,  the  Imlging  of  the  lens  in  accommodation  is] 
produced  by  an  active  compression  instead  of  a  passive  dilatation.  Car<v| 
ful  experiments,  however,  seem  to  show  conclusively  that  this  theory  ml 
erroneous,  and  that  the  explanation  given  by  Heimholt/,  and  described  J 
in  the  text  is  the  true  one  (Hess). — D.] 
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The  increase  in  curvature  affect«  both  the  anterior  and  the  posterior 

surface  of  the  lens,  but  the  fonner  to  a  [niuchi  higher  degree  (Fig.  367). 
The  posterior  surface  of  the  lens  doetj  not  change  it«  place  in  the  fossa 
pateUiformis  of  the  vitreous,  the  increase  in  thickness  of  the  lens  being 
effected  simply  by  the  advance  of  its  anterior  surface.  Hence,  the 
anterior  chamber  becomes  corresjxjndingly  sliallower;  at  the  perij»hery 
alone  Is  there  a  deepening  of  the  chamber,  inasmuch  as  here  the  iris 
recedes  a  little.  The  sphincter  pupilUe  antl,  if  vision  is  performed  with 
both  eyes,  the  two  internal  recti  also,  contract  in  conjunction  with  the  cil- 
iary muscle.  The  act  of  accommodation,  accordingU',  is  regularly  accom- 
panied l>v  a  contraction  of  the  pui>ils  and  a  movement  of  convergence. 

141.  Measurement  of  the  Accommodatioii.— In  order  to  measure 
the  magnitude  of  accommodation  we  nmst  determine  its  limits,  which 
are  defined  by  the  far  point  and  the  near  point.  The  far  jxiint  (Ä, 
punctum  remotum*)  is  that  point  for  which  the  eye  is  focused  when  the 
accommodation  is  completely  relaxed.  The  near  f>oint  (F,  punctum 
proxinium)  is  that  point  for  which  the  eye  is  focused  when  the  accommo- 
dation is  strained  to  its  utmost. 

In  the  emmetropic  eye,  with  which  ak^ne  we  shall  for  the  present 
concent  ourselves,  R  lies  at  an  infinite  distance,  since  the  emmetropic 
eye  when  in  tlie  state  of  rest  is  fot^used  for  purüllel  rays.  Such  an  eye» 
accordingly,  can  see  the  letters  of  the  test  card  distinctly  when  the  latter 
is  hung  up  at  such  a  distance  (5  or  6  metres)  that  no  accommodation 
worth  considering  is  required,  so  that  this  distance  in  practice  is  regardcil 
as  iu finitely  great. 

While  the  position  of  R  is  the  same  for  all  emmetropic  eyes,  that 
of  P  varies  greatly.  It  is  determined  by  bringing  fine  print  closer  anfl 
closer  to  the  eye  tmtil  the  limit  of  legibility  has  b**en  reached.  Sup- 
pose, for  example,  this  occurs  at  10  cm.  {P  =  10  cm.).  T\\v  s]>ace  lying 
between  //  and  P^i.  e.,  in  the  example  selected  the  space  Ix^tween  oe 
and  10  cm. — is  calletl  the  region  of  accommodalion.  But  the  extent  of 
this  region  affords  no  measure  for  the  amount  of  work  done  by  accom- 
modation: this,  in  fact,  l)eing  measured  by  tht^  increase  of  refractive  power 
which  the  eye  uniiergoes  in  pjissing  from  the  state  in  wfiich  the  acct^m- 
modation  is  at  rest  (R)  to  the  state  in  wliieVi  the  utmost  effort  of  ac- 
commodation is  made  (P).  The  amount  of  increase  of  refractive  power 
is  called  afnplitude  [or  range]  of  acamimodutimi  (A),  and  is  accordingly 
the  difference  between  the  refractive  power  of  the  eye  when  the  accora* 
modation  is  exerted  to  its  utmost  and  when  it  is  at  rest — i.  e.,  .4  =  P  —  R, 


*Thci  far  pomt  receive«  ita  name  h*?rftu»e  of  the  fact  that  for  the  emmptrc^pic  and  myopic  <»yeH 
i»  the  farthe-it  point  at  which  the  t? ye  can  fwe  distinctly.     This  dcfioitiün.  however,  i»  noi  »ppUciibl«  | 
in  hypermetrfipiii,  in  which  the  far  point  lien  behind  ihc  eye,     U  the  accoiiHric*dÄti*in  U  put  into  pl»y1 
thejTi  ID  proportion  a«  the  hypermetropia  isi  rorrected  by  it,  the  point  for  which  the  eyw  is  adjusted' 
reeedea  frum  the  eye  until  it  ha«  got  out  to  infinite  dislanre.     If  the  arcominociation  i«  not  HtronK  enouith 
to  adjust  the  eye  for  inftnit«  diatance  (absolute  b.ypormetropiÄh  the  near  pnint,  twi»  hcs  li«hind  the 
tye  and  in  fact  at  ü  greater  difltance  from  the  lattrr  than  i»  the  far  point-     A«  an  example  uf  tU\^  may 
«ers'e  an  eye  with  ft  of  4  D,  whouMs  reRion  of  arrommodatiun  ia  represented  in  Ft«   3.H3  A     H  this  ey« 
»hould  have  an  arcommodaiiDn  of  onfy  2  D.  ita  neur  point  would  be*  50  cm.  behind  the  eye,  and  winh  a 
ranco  of  accommodation  of  i  O^  it  would  be  at  infinite  diiitane'cs  i.e. ,  in  either  ca»e  w^niilcl  be  farther  than 
the  far  point,  whicb  bea  but  25  cm*  behinid  tbe  eye.    For  thi«  coae,  therefore,  the  ej^prcaaioQ  near  point 
is  not  very  »enmbly  chosen. 


b. 
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For  Ä  and  P  in  this  equation  should  be  subs 
values,  but  the  corresponding  number  of  dioptri 
our  measure  of  the  refracting  power. 

The  method  of  determining  the  amplitude  of  accoE 
planation  which  is  best  given  by  concrete  examples.  Let  i 
fÄse«  represented  graphically  in  Fig.  368:  1.  A  young  en 
at  an  in  finite  distance  and  near  point  at  10  cm.  from  the 
whose  R  =  <Xi  and  P=20  cm.;  and  lastly,  3.  A  young  myo| 
ß  cm.  The  ri*gion  of  accommodation — i.  e.,  the  space  lyi 
vor^"  different  extent  in  these  three  cases.  In  cases  one 
Bint'c*  it  extends  to  an  infinite  distance,  while  in  case  three 
therefore,  we  were  to  reckon  the  work  done  in  acconmiodat; 
of  accommodütion,  we  would  arrive  at  the  erroneous  view  t 
oä  well  Sä  the  Ifitter,  there  is  an  enormous  difference  betw 
one  hand  and  the  third  case  upon  the  other. 

But,  a^  ;i  matter  of  fact,  tlie  case  is  quite  different,  { 
cx]H^rimeiita]  test  of  the  accommodation  adduced  above. 
one  eye  wc  hold  before  the  other  a  book  at  a  distance  c 
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Fio.  368. — Region  o»  Accommodat 
1.  In  a  youDg  emmet  rope;  2,  an  older  emmetrope; 

ntidway  between  the  book  and  the  eye — i.  e.,  at  a  distan 
We  then  first  look  out  into  space  over  the  book,  so  that  the 
relaxed^  and  then  ßx  our  gaze  upon  the  print  of  the  book. 
of  accoramcxiiiuve  effort  in  the  eye.    We  now  turn  our  \ 
pencil  point,  and  endeavor  to  see  the  latter  distinctly.    If 
ua  a  very  conBiderable  effort  which  will  tax  the  energies 
doea  the  eff^irt  required  to  adjust  the  eye  from  infinite  d 
Ihe  at*t  of  changing  the  accommodation  from  20  cm.  to  10 
effort  as  i\m.  cliange  from  infinity  to  20  cm.    From  this  it 
fied  in  taking  the  linear  distance  between  the  points  of 
accommodat  jve  effort,  and  that,  therefore,  the  region  of  a 
as  an  expre^^aicm  of  the  work  done  in  acconmiodation. 

We  get  a  correct  idea  of  the  amount  of  accommoda 
if  we  tiike  into  consideration  the  increase  produced  in  tl 
the  acCHimnicxiation.  This  increase  of  refractivity  is  eff 
curvature  of  the  lens,  a  thing  which  we  can  also  concei\ 
addition  to  the  unchanged  lens  of  a  second,  weaker  com 
ary"  crystalline  lens  (z.  Fig.  369  A)  represents  the  incrca 
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'orm  the  liest  measure  of  the  accommodation.  Now,  of  rourse,  we  can  r^ot  determine 
the  refrautive  i)ower  of  this  supplenjentary  lens  directly ^  Imt  we  can  detennine  what 
glafls  placed  before  the  cornea  of  the  eye  would  produce  the  same  increase  of  refmctive 
power  aö  woidd  Buch  a  HUpplementarj'  lens,  comreived  to  exist  in  tlie  eye.  What  pro- 
ceeding to  adopt  in  doing  this  may  he  shown  by  cäsc  one  of  thoee  assumed  above  (Fig, 
368).  In  this,  when  the  accommodation  is  making  its  utmost  effort,  the  refract ivity 
of  the  eye  h  increased  by  the  aupplementary  (enn  to  such  an  extent  that  raye  emanat- 
ing from  P — that  is,  from  a  distance  of  10  cn^.  frum  the  eye — are  unit^  upm  the 
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Lkms,  f. 

retina  (Fig,  369  Aj.  We  now  paralyze  the  accommodation  in  this  eye  with  atropine, 
so  that  the  eye  rcmaiim  ste^wlily  focused  for  infinite  distance*,  and  try  to  find  the  con- 
vex glasa  with  which  the  eye  is  enabled  to  sec  the  ix>int,  P,  distinctly.  We  find  that 
for  this  purpoee  a  glass,  L,  of  a  focal  distance  of  10  cm.  -one  of  10  D  is  necessary  (Fig. 
369  B)»  If  this  glass  h  placed  in  front  of  the  eye^i,  e.,  10  cm.  behind  the  point  P — the 
latter  will  lie  just  in  the  principal  focus  of  the  gla-ns.'  The  rays  {p  /j^  Fig.  369  B)  emanat- 
ing from  P  are  hence  made  parallel  by  the  glasn,  atul  being  so,  are  uniti*il  by  the  non- 
accommodating  eye  upon  its  retina.     The  lens  L,  therefore,  does  the  same  work  as 
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Fio.  300  B. — Tbb  ArcoMMODATioM  asfi^Aciro  ar  a   Lev*  or  Gl.^ah,  L,  bet  ßKronc  tob  Eyi, 

the  natural  accommodation  (represented  by  the  supplementary  crj'staSline  lenn,  z), 
and  can  accordingly  Ix?  taken  a-n  t!ie  mcuaurc  oi  the  latter.  Acromnjottation  measured 
in  this  way  we  call  amplitiMte  [or  ruTige]  of  accommodation.  This,  therefore,  would 
be  in  the  first  case  A  10  I).  In  the  second  case  (Fig.  368,  2)  as  nmy  lie  shown  in 
the  same  way,  .4  5  D.  Hence,  in  the  emmetropic  eye,  A  is  expressed  hy  the  lens  whose 
focal  distani^e  eciuals  the  distance  of  the  near  pijnt  from  the  eye;  or  A  P,  when  P 
is  expressed  in  dioptrics. 

What  relation  does  .4  t)ear  in  the  third  case  (Fig.  368,  3)?  Here  P  is  situated 
at  5  cm.,  and  hence  P  —  20  H.  But  this  value  can  not  be  regarded  a.s  the  expression 
of  the  work  done  in  aceonmiodation,  since  the  eye  in  question  l»eing  short -flighted, 
is,  even  w^hen  the  accommodation  is  at  rest,  adjusted  for  a  distance  less  than  infinity 

»  Properly,  if  we  take  into  accoufit  the  tji«tanc»  of  the  lenfr  from  the  t*yf,  we  mhuuM  hnv*  to  ehoo«« 
n  l^nü  of  KhurUT  f&oAl  distÄiic*— <?.  g.*  if  the  d  is«  I  a  nee  betwoen  The  len.'i  and  the  nodtii  puihi  of  the  eye 
Kmoijnt.H  to  I  cm.,  one  of  9  cm. 
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—Le.,  for  10  cm.  This  eye,  when  its  accommodation  is  at 
modating  emmetropic  eye  before  which  has  been  placed  a  1 
For  this  eye,  therefore,  we  can  say  Ä  =  10  D.  But,  when  n 
dative  effort,  this  eye  acts  like  a  non-accommodating  en 
has  been  placed  a  glass  of +20  D.  Obviously,  in  order  to  i 
accommodation — i.  e.,  the  increase  in  refractivity  in  pass 
subtract  from  the  value  corresponding  to  P  the  value  of  Ä, 
Hence,  we  may  enunciate  the  following  formula  as  represec 

in  which  P  and  R  are  expressed  in  dioptrics.  This  formula  '. 
of  the  refraction.  For  the  emmetropic  eye  it  is  simpUfied 
when  the  accommodation  is  at  rest,  is  adjusted  for  infinit 
aiul  consequently  A  =  P,  as  we  found  above. 

Let  us  take  another  survey  of  the  three  cases,  and  co 
modal  ion  with  the  range  of  accommodation.  We  find  tl 
iargü  in  the  first  two  cases,  and  only  5  cm.  in  the  third  cas 
ifl  10  D,  in  the  second  only  half  as  great — i.  e.,  5  D — and  i 
great  as  in  the  first.  Accordingly,  from  the  range  of  accomi 
different  and  in  fact  a  more  correct  conception  of  the  work 
ml  than  we  do  from  the  region  of  accommodation.  Thii 
different  portions  of  the  region  of  accommodation  represei 
It  takes  as  much  accommodative  effort  to  bring  the  acco 
5  ctn.  {case  three)  as  to  accommodate  from  infinity  to  10  ( 
both  caaes  being  10  D.  This  fact  is  in  harmony  with  the  s€ 
in  our  eyes  when,  in  the  experiment  previously  adduced,  we 
diäUncc,  at  the  book,  and  finally  at  the  pencil  point.  Dis 
dation  through  1  centimetre  of  the  region  of  accommodati< 
which  m  the  greater,  the  nearer  this  centinietre  is  situated  t 

The  region  of  accommodation,  however,  gives  us  a  g 
of  aa^mmoddtion.  In  case  one  the  region  of  accommodal 
eye  sees  clearly  at  all  distances  which  can  be  coasidered  to 
in  caac'  three  the  region  of  accommodation  lies  so  close  to 
hBs  no  value  whatever;  this  eye  would  be  n6  worse  off  with« 
of  ef:iur^e,  holds  good  only  upon  the  supposition  that  com 
B&  by  these  the  location  of  the  region  of  accommodation  is  s 

Fkactical  Determination  of  R  and  P. — The  det< 
is  Hynotiyraous  with  the  determination  of  the  refraction,  ft 
?ef motive  state  of  the  eye  when  focused  for  the  far  point. 
R  13  determined  too.  The  determination  of  the  refraction 
of  the  test  card,  hung  up  at  6  (or  5)  metres.  Emmetropia  (Ä  = 
number  which  the  eye  that  is  being  examined  can  see  at  i 
naked  eye  but  is  made  dimmer  at  once  by  the  weakest  cod 
the  te^t  card  are  seen  as  well  with  convex  glasses  as  with  the : 
there  is  hypermetropia  (Ä  is  at  a  finite  distance  behind  the 
wiiti  a  concave  glass  there  is  myopia  (i2  is  at  a  finit«  distal 
both  i*ii3ea  it  is  then  necessary  to  determine  the  correcting 
ciqual  to  the  distance  from  the  eye.  [A  hypermetropia  can 
a  myopia  persistently  heightened  by  the  accommodation, 
therefore  the  precise  situation  of  Ä  cannot  in  the  majority  < 
out  paralyzing  the  accommodation  with  atropine  or  homat 
and  859.— D.] 

The  near  point  is  determined  by  the  low  numbers  < 
are  brought  up  to  the  eye  until  they  cease  to  appear  disti 
the  accommodation  disk  (Fig.  370).  The  disk  is  approximal 
Imt  cm  it  which  is  0.2  mm.  in  diameter  begins  to  grow  faint. 
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occurs  i^  tn(ntsun*(l  writh  a  rule  ptraduatod  in  cm.  and  D  (Prince's  nile).  Thp  measure- 
ment la  preferably  takL^o  not  fmra  the  eye  itself  but  from  its  anterior  focu«  (Hi  mm,  in 
front  of  the  e^^rnea),  as  this  is  the  point  where  glasses  that  are  designetl  to  replare  and 
hence  to  measure  the  accommodation  are  plat-eiL  Except  in  the  case  noted  in  the  next 
paraKraf)h,  the  eye  i»  providetl  with  the  full  correctiori,  i,  e,,  is  rendered  emmetropic, 
«o  thiit  H  =0  D  and  P  (read  ofl  in  D)  gives  at  once  A  or  the  total  range  of  accommoda- 
tioa.— D.] 

When  P  hrn^  re<'eded  to  siuch  a  distance  from  tho  eye  that  Hmall  objects  like  fine 
print  appear  under  too  minute  an  anjilc,  and  hence  (*annot  be  »<?on  distinctly  at  all.  the 
following  exT>edient  is  ailopted:  We  place  before  the  eye  a  eon  vex  Rlasü — e.  g.,  one  of 
3  Dj  by  wliich  near  vision  ia  rendered  distinct — and  tlien  determine  the  near  |nnnL 
This  IB  found  to  be,  say,  25  cm.  The  refraction  corresponding  to  thist  dintancH*  L^  4  D» 
from  which,  in  order  to  learn  the  actual  near  yioint,  we  mmt  subtract  the  i  Dsuppliwl  by 
the  lens.  Thus  /*  =  4  D—'i  D  -  1  D  =  lODcm,  [If  with  such  a  convex  addition  the  te«t 
object  (accommodation  disk)  is  carried  away  from  the  eyes  until  it  blurs,  we  can  likewise 
determine  R,  Suppose»  for  examTjlr,  that  with  a  4-4  D  liefore  the  eyr  the  disk  line  just 
begin»  to  blur  at  the  point  on  the  Prinw*»  rule  marked  4*50.     Then  ß  =  4.50  —  4.(30 - 


'       ^n-W 
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•fO.50;  i,e.  there  Is  0.50  D  myopia.  If  the  line  had  begun  to  blur  at  the  point  marked 
3.25,  R  would  have  been  3,25— 4,00  =  — 0.75;  i.  c.^  there  would  be  0.75  D  of  hyperopia* 
If  R  and  P  are  both  taken  in  this  w*ay  the  range  t»  given  din^tly.  Thus  if  with  H-  3.00 
added,  R  is  at  3.50  and  /^  m  at  5.00,  A  =1.50.  This  method  is  particularly  valuable  for 
determining  the  residual  range  when  the  eye  is  wholly  or  partly  under  the  influence  of  a 
cycloplegic  (see  page  859)* — D.] 

Relative  Accommodation. — In  the  courae  of  our  eonsideratioös  in  regard  to 
the  accommodation  hitherto,  we  have  started  from  the  assumption  that  vision  h  per- 
formed with  only  one  eye.  When  the  two  eyea  are  emt>loyc<l  simultaneously  the  con- 
vergence as  well  aa  the  accommo.lation  must  be  taken  into»  account.  These  two  func* 
lions  go  hand  in  hand.  When  our  gaze  is  fixed  upon  the  distance,  A  =0,  and  the  visual 
ajoes  are  parallel — i.  e*,  the  convergence,  too,  is  in  a  state  of  rest.  When  we  look  at  a 
near  point — e.  g.,  one  eituated  at  a  distanw  of  20  cm. — we  are  eompelled  both  to  accom- 
modate and  to  converge  for  this  distance.  Hence,  thnmgh  constant  practice  an  inti- 
mate connection  is  efTected  between  accommodation  and  convc^rgence,  tK>  that  with  any 
given  accommodation  the  correapondiag  effort  of  convergence  is  always  made,  and  vice 
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This  connection,  however,  is  not  one  that  is  rigid  and  insusceptible  of  chin 
On  the  contrary,  we  have  the  ability  of  emancipating  ourselves  from  it  within  cert 
limits — that  is,  while  in  the  act  of  converging  for  a  certain  distance,  of  making  a  lit 
more  or  a  little  less  accommodation  than  corresponds  to  this  distance.  A  man  is  m 
to  fix  his  gaze  upon  fine  print  at  a  distance  of  33  cm.    Now,  let  us  suppx^se  that  the  a 
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FlO.    371. — SrHEMATlC-    KEFKE8ENTATION    OF    RELATIVE    ACCOMMODATION*. 

joct  is  emmetropic  and  thus  has  his  far  point  (R)  at  infinity,  while  P  is  situated  at 
cm.,  which  corresponds  to  a  range  of  accommodation  {A)  of  10  D  (Fig.  371).  Of  tl 
range  of  accommodation  3  D  (100^-33=3)  wnll  be  employed  if  the  subject  is  convei 
ing  for  a  distance  of  33  cm.  ( =3  metre  angles,  see  page  702).  Now,  a  concave  glass 
1  D  is  placed  before  each  eye.  The  subject  will  for  the  first  moment  have  obscurati 
of  vision,  but  will  soon  see  distinctly.    He  has  compensated  for  the  diminuUoD  of  t 
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refractive*  fiowcr  of  this  <*ye,  ciiustnl  by  tho  —  I  D  %\iiSA,  by  exprtinjfc  1  D  mnm  of  his  ao 
c<imin*>tliiüon.  But  the  convergmuT  meaiiwhile  rcmams  unchangi^tl — i.  o.,  it  is  still  ad- 
justed for  ^i3  em.  The  saraf  phenomenon  occura  when,  in^teiwl  of  —  I  D,  a  glass  r>f  -f  1  D 
is  f)laee(i  before  the  eye.  The  refriictive  power  of  the  eye  in  made  too  great  by  the  eon- 
vex  glaiö,  and  this  Is  neutraliÄtHl  by  the  eye's  relaxing  ilH  aec*onim(Hiatron  through  I  D. 
In  this  way  we  can  bring  stronger  and  stronger  eonvex  and  eonrave  gla^s^ses  suecessively 
befure  the  eye  until  finally  we  eome  to  tho.se  with  which  distinct  vision  is  no  longer 
possible.  We  thus  find  the  limits  within  whieh  the  aecK>mmodation  may  be  augmented 
or  relaxed »  the  eon  verger»  re  remaining  the  same  {relaiwt'  turommtitttiHon). 

In  the  example  »eleettMi,  suppose  that  the  subject  is  able  to  «ei*  distinetly  at  a 
diNtant'i'  of  ',V4  rtn.  with  a  convex  ghuss  of  2  D.  This  corresponds  to  a  relaxation  of  hi» 
acconiiBodution  from  3  D  to  1  D — that  is,  hii*  n^-hitive  far  point,  i^,,  lii^s  at  a  dist^iice 
ctiuivaU'nt  to  I  D,  or  1  metre^  from  the  eye.  »Suppose  on  the  other  hand,  that  the  sub- 
je<i  wilh  the  name  de^ee  of  convergence  over(H>me:^  concave  gla-saes  of  3  D,  a  thing 
which  IS  effected  by  an  augmentation  of  the  aecommwlation  from  3  to  ß  D;  }m  relative 
near  point,  P,,  then  is  at  a  distance  equivalent  t^*  Ij  D^17  era.  The  relative 
range  nf  accommodation  .4,  — Pj— /2i=ß  D  — 1  D-h  D.  This  is  the  relative  range  ot 
ae(*omnuKtati(>n  for  a  convergence  of  33  cm,;  for  a  different  convergence  the  rt»lative 
near  point,  far  point,  and  range  woulcf  be  diflferent  still.  Oh  the  other  hand^  there  ie 
ünJy  one  abs<jlute  far  f>oint,  near  point,  and  range  of  accommodation. 

The  rejtion  of  relative  accommodation  b  divided  by  the  point  upon  which  eon- 
vergence  is  matie  into  two  segments.  One  lies  ujjon  the  proximal  wide  of  the  point  of 
fixatifATi,  and  fhii^  in  the  exam])le  selected  extends  from  3  to  li  D.  It  reprt'sents  the 
aniouni  of  arrcHnniodalion  which,  if  necessary ^  one  can  still  pre«s  into  servicu*  while 
kee|)ing  the  convergence  the  same — i.  (\,  it  repn^senls  the  amount  of  accommmlation 
which  one  may  be  huhI  to  have  in  reserve.  It  is  hence  denoted  as  the  jKisitive  fiortion 
(+.  Fig-  *i~l )  of  the  relative  range  of  accommodation*  The  other  aeginent  lies  on  the 
distal  side  of  the  point  of  fixation,  and  in  our  cuse  extends  from  3  tt>  1  D.  It  i.s  that 
part  of  thr*  relative  accommmiation  which  hiis  alreaily  been  consunned  in  maintaining 
the  given  degree  of  convergence — i.  e.,  it  is  its  negative  i>ortion(— ,  Fig.  371).  HencCj 
with  a  convergence  of  IVd  cm,  the  jKisitive  portion  of  the  relative  accommodation  mnounts 
to  3  D,  the  negative  pi:)rtioo  only  to  2  D.  l'j»on  the  relation  of  the  two  f^egments  to 
one  another  depends  the  abihty  of  the  eye  to  work  continucjusly  and  without  exhaustion 
while  keeping  up  the  necessar>^  (M>nvergence  and  accommoiJation,  A  man  is  able  to 
make  frecpient  successive  repetition.H  of  a  bodily  effort  only  when  this  cfTort  does  not 
lie  near  I  he  limits  of  his  working  capacity  ^  Ur  for  exam[>le,  one  haa  to  s<*t  in  motion 
the  wheel  of  some  machine  whirh  moves  with  such  dillieulty  that  he  is  able  to  make  it 
revolve  only  by  the  exertion  of  his  whol*'  strength,  he  will  iKissibly  be  able  t«  do  this 
two  or  thr^'c  times  in  succession,  but  then  will  bectime  exhausted.  If  a  laborer  is  to 
keep  the  wheel  in  motion  for  an  hour,  r:icli  revolution  of  it  must  not  take  more  than 
a  moderate  portion  of  his  entire  strength,  so  that  another  iMjrtioü  of  his  strength  shall 
remain  in  rt^erve.  Tliir«  furt  als<i  holds  j^oimI  for  the  eyes.  It  is  inipoBsible  to  us**  them 
continuously  except  for  adistitnce  at  wliich  the  positive  portii>n  of  the  acconunwiation 
is  at  leant  as  great  as  the  negative  portion,  otherwise  exhaustion  rapidly  supervenes, 
[See^  however,  below.) 

From  what  hits  been  «aid,  it  follows  that  work  is  more  exhausting  for  the  ey«i 
the  nearer  it  has  to  be  brought  to  them.  When  the  gaze  is  fixtxl  upon  infinite  distanee, 
the  negative  portion  of  .4,  is  equal  to  jtero,  sint^e  then  the  aecommodation  is  completely 
relaxtx^l.  All  the  rektive  accommcwlation  therefore  is  positive,  and  accordingly  ex- 
haustion of  the  eyes  is  impossible.  Thus,  no  one  will  complain  that  his  eyes  get  tired 
fmm  walking/  For  a  convergence  of  ;i3  em.*  it  has  been  shown  above  that  the  jxioitive 
[Mirtion  of  the  relative  aecommotlation  t.-lj)  is  half  as  large  again  as  the  negative  por- 
tion, for  which  reason  work  can  be  carried  on  continuously  at  thk  distance  without 

«[That  ia»  no  ont;  I  hut  U  free  from  refraftivcr  or  inu«euliir  error*,  Vi*ry  frouble'»omt>  lujthf^ttopi« 
may  be  prudufccl  tiy  iDokiiiit  nt  dii^tnut  object»,  when  then;  arc  «Jitiitmatiifui  und  luuifuutKr  anouiAh««, 
[»artieut&rly  hyp«rplbona  and  esophoria« — DJ 
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exhaustion.  When  fixation  is  made  upon  an  object  situated  at  the  abeolate  near  point 
of  the  eye,  the  entire  relative  accommodation  (A,)  is  negative.  A  positive  or  rcseiii 
portion  of  accommodation  does  not  exist  in  this  case,  since  the  whole  absolute  acoooh 
modation  (A)  has  been  ah*eady  used  up.  Hence,  we  can  have  distinct  visioa  at  oar 
near  point  for  only  a  moment  or  two  at  a  time. 

These  statements  are  true  only  of  yoimg  eyes  whose  lens  is  elastic,  and  in  which, 
therefore,  the  amoimt  of  accommodation  depends  essentially  upon  the  functioiul 
ability  of  the  ciliary  muscle.  In  old  age  the  absolute  near  point  constantly  recedes, 
and  the  positive  portion  of  the  relative  range  of  accommodation  becomes  constantly 
:smaller,  but  this  is  due  to  rigidity  of  the  lens,  not  to  diminution  in  the  strength  of  Xht 
■ciliary  muscle.  The  near  point  of  the  presbyope  gives  simply  the  limit  of  the  elasticity 
of  his  lens.  His  ciliary  muscle  could  contract  much  more,  but  does  not,  because  it  would 
be  useless  for  it  to  do  so.  Hence  the  presbyope  can  work  even  at  his  near  point  without 
fatigue.  [Recent  researches  indicate  that  the  power  of  the  ciliary  muscle  does  diminish 
with  age.  Moreover,  in  the  early  stages  of  presbyopia  accommodative  fatigue  do« 
occur. — D.] 

Changes  of  the  Accommodation  with  Age. 

142.  The  accommodation  diminishes  with  age,  and  this  diminu- 
tion is  manifested  by  a  continuous  recession  of  the  near  point.  The  diminu- 
tion in  the  accommodation  can  not  be  referred  to  the  decrease  in  the 
power  of  the  muscles  in  general  and  the  ciliary  muscle  in  particular,  occur- 
ring in  old  age,  for  it  begins  in  youth,  and  probably  even  in  childhood— 
that  is,  at  the  time  when  the  muscles  are  still  gaining  in  strength.  In 
fact,  the  cause  of  the  diminution  of  the  accommodation  lies  in  the  gradual 
-decrease  of  the  elasticity  of  the  lens.  This,  again,  stands  in  causal  connec- 
tion with  the  condensation  of  the  lens  due  to  loss  of  water  and  leading 
to  a  process  of  sclerosis  that  begins  in  the  center  of  the  lens  (formation 
of  a  nucleus).  The  harder  the  lens  becomes  in  virtue  of  this  process  the 
more  its  elasticity  is  impaired,  so  that  even  after  the  zonula  is  relaxed 
the  lens  becomes  less  and  less  able  to  change  its  shape. 

The  state  of  the  accommodation  at  different  ages  is  shown  in  the 
accompanying  figure  (Fig.  372).  The  heavy  diagonal  line  shows  the  mean 
position  of  the  near  point  of  an  emmetrope  for  all  ages  from  ten  to  eighty; 
the  distance  between  this  and  the  base-line,  which  represents  the  far 
point  (A  =  0),  gives  the  range  of  accommodation  in  dioptrics  at  the 
different  ages.  The  line  that  represents  the  position  of  the  near  point 
continually  recedes,  so  as  to  form  a  curve  which  constantly  approaches 
the  line  for  the  far  point,  until  finally  it  almost  coincides  with  it. 

The  diminution  in  the  range  of  accommodation  goes  on  from  youth 
to  age  with  perfect  uniformity  and  not  by  sudden  advances.  It  begins  to 
be  troublesome  when  the  near  point  has  receded  so  far  from  the  eye  that 
the  finer  kinds  of  work,  and  especially  the  reading  of  fine  print,  become 
difficult  or  impossible,  so  that  there  develops  a  desire  for  glasses.  This 
is  the  case  when  the  near  point  recedes  beyond  one-third  of  a  metre 
(A  =  3  D),  i.  e.,  between  the  ages  of  forty-five  and  fifty.  This  is  the 
period,  therefore,  to  which  we  assign  the  beginning  of  presbyapiaJ' 

'From  npdvßvt,  old  man,  and  m^,  sight. 
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Presbyopia  is  not  a  disease,  l>ut  a  physiological  process  which  every 
eye  undergoes.  Persons  who  are  preshyopic  posh  the  lx»ok  farther  away 
from  tlieni,  hke  to  avoid  fine  print,  and  piiss  over  the  footnotes.  Read- 
ing at  night  gives  them  special  troui>le,  because  the  pupils  dilate  owing 
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Pio,  372.— lUxai:  r»r  Accomsiooatiow  at  DirpemcsT  Aoc«,    Afttr  Doodera,  anii^odcd  by  Dunne. 

The  Dumberi  on  the  left  hand  giv<»  the  etrcnirth  of  thii  len».  which  placed  before  the  e>mmetropio 
•y«»  ftt  ft  dwtancü  of  13  mm.  from  the  apex  of  the  t^ornea  Ci.  e  .  placed  At  the  anterior  fociu  of  the  eye>, 
oan  replace  the  aeeommodatjrin  of  the  eye  at  the  (riven  ag«,  and  hencD  la  equivalent  to  th«  aeuommoda- 
tion,  »o  fa/  M.  reaard»  the  irit  reaw  of  refractivily  in  the  eye  wbich  the  latter  produce«.  Tbeao  number«, 
therelore,  give  the  ranije  of  uceomraQdntion  of  th«  eye.  The  right-hand  numbers  give  th«  foeal  dia- 
tanec«  of  the^e  lenw«  [ui  cm].  The  ditflanee  of  the  near  point  from  tbe  apex  of  the  cornea  i»  found  by  adding 
to  the  foraJ  length  of  tho  lena  it«  djataace  from  the  cornea  (i.  e.,  IJi  miti.K  Ubvifjtiitly  no  «tUKle  observer 
eaD  foUo«r  the  projtre«  of  the  ran«©  of  accommodation  from  youth  to  age,  in  one  nnd  the  »a me  indi' 
vidual.  The  progrea»  of  accommodation  can,  tbervfore,  be  found  only  by  dt^ierminin«  it  in  a  larg» 
Dumber  ol  pefsons  with  normal  eye«,  at  difTorcDt  aicfl«  and  takin«  the  mean  of  the  ubwrvalioua.  Tbl» 
te  Bbown  by  the  eontmuou«  line  which  indicate«  the  mean  position  of  the  near  puint  (without  reckon- 
in«  in  the  13  mm.)  of  an  emmetropic  eye  at  dilTercnt  age».  The  upper  and  lower  dotted  line«  give  tSa 
leaat  and  the  greatest  distance  of  the  near  point  that  haa  been  found  in  the  individual  ca#**«  They 
areordiogW  »how  the  li  mi  la  within  which  the  print tir»n  of  the  near  point  can  atiU  be  regarded  a»  aoruuJ. 
The  nnf  denute«  the  limtt  of  presbyopia  as  conventioaally  set. 
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to  the  enfeebled  illumination,  and  hence  the  diffusion  circles  are  largier. 
They  then  try  the  expedient  of  bringing  the  light  between  the  book  and 
their  eyes,  so  as  to  make  their  pupils  contract  by  having  a  large  amount 
of  light  fall  upon  them.  In  the  subsequent  progress  of  presbyopia  read- 
ing or  fine  work  at  last  becomes  absolutely  impossible  without  glasses. 
Pain,  however,  or  asthenopia  does  not  occur,  as  it  does  in  hypermetropes. 

When  an  eye  is  not  emmetropic,  but  has  an  error  of  refraction,  this 
error  shifts  the  range  of  accommodation,  and  hence  also  the  time  when 
presbyopia  begins.  Reference  in  regard  to  this  point  must  be  made  to 
the  chapters  upon  myopia  and  hypermetropia  (pages  828,  844). 

Presbyopia  requires  the  use  of  convex  glasses  for  near  work.  The 
glass  must  be  strong  enough  to  make  the  near  point  come  into  the  place 
which  appears  demanded  by  the  work  in  question.  The  situation  of 
this  depends  primarily  upon  the  nature  of  the  work;  the  finer  this  is, 
the  closer  must  the  near  point  be  approximated.  But  in  addition  to 
this  the  visual  acuity  must  be  taken  into  account.  If  the  latter  is  de- 
fective, objects  must  be  brought  nearer,  so  as  to  make  up  in  size  what 
the  retinal  image  lacks  in  distinctness. 

From  the  reasons  set  forth  above  it  follows  that  it  will  not  do  simply  to  prescribe 
for  each  separate  age  the  convex  glass  that  ought  to  be  ordered.  On  the  contrary, 
we  must  proceed  according  to  the  individual  requirements  of  each  case  by  itself,  and 
determine  the  glass  for  it  specially.  Suppose,  for  instance,  that  the  subject  is  sixty 
years  old,  and  that  his  near  point  is  one  metre  from  the  eye  (A  =  1  D).  The  man  is 
a  cabinet  maker,  and  in  doing  his  work,  which  he  carries  on  at  armVlength — i.  e., 
about  50  cm. — no  longer  sees  distinctly.  His  near  point,  therefore,  must  be  brought 
up  to  50  cm.  (==2  D).  As  he  himself  can  furnish  1  D,  it  suffices  to  give  him  a  +1  D 
glass  (or,  better  still,  1.5  D,  so  that  he  may  not  have  to  work  at  his  near  point,  but 
may  have  some  accommodation  in  reserve).  Perhaps  the  same  man  also  wishes  a  gUsB 
to  read  with  in  the  evening  when  his  work  is  done.  For  this  purpose  we  must  bring 
his  near  point  up  to  at  least  30  cm.  (3.5  D),  so  that  he  can  read  ordinary  print  with 
ease,  and  we  would  therefore  recommend  him  a  glass  of  -|-2.5  D  or  -|-3  D.  [The  strength 
of  glass  prescribed  will  also  depend  somewhat  upon  the  state  of  the  eye  muscles.  \ 
patient  with  marked  convergence-insufficiency  will  often  read  more  comfortably  with 
a  weak  glass  than  with  one  which  gives  him  better  sight,  because  the  weak  glass  enables 
him  to  carry  his  book  so  far  off  that  he  has  to  converge  his  eyes  but  little  in  looking  at  it. 
Many  people  who  put  on  convex  glasses  for  the  first  time  develop  a  temporary  con- 
vergence-insufficiency from  relaxation  of  their  accommodation  (see  page  754).  This 
insufficiency  may  give  rise  to  asthenopia,  which  has  to  be  relieved  by  reducing  the 
strength  of  the  reading  glasses. — D.] 

Many  erroneous  views,  which  we  must  oppose,  are  prevalent  among  the  laity 
with  respect  to  the  wearing  of  glasses,  in  advanced  life.  Some  consider  it  advanta- 
geous to  begin  wearing  glasses  as  late  as  possible,  and  this  from  the  fear  that  when  once 
they  begin  they  will  have  to  keep  on  using  stronger  and  stronger  ones.  But  as  far 
as  this  is  concerned  they  gain  nothing,  whether  they  begin  using  glasses  at  the  proper 
time,  or  for  years  struggle  along  laboriously  without  them  until  they  can  do  so  no  longer. 
Every  presbyope  has  to  increase  the  strength  of  his  glasses  as  long  as  his  range  of  accom- 
modation keeps  diminishing.  It  is  only  when  he  has  reached  the  minimum  of  his  range 
that  he  can  stick  to  the  same  glass.  It  is  just  as  erroneous  to  believe  that  by  wearing 
glasses  early  one  can  "save"  his  eyes.  Presbyopia  goes  on  its  appointed  way  unaffected 
by  the  wearing  of  glasses  or  by  the  nature  of  those  that  are  worn,  and  independent  of 
the  question  whether  the  eyes  are  strained  a  good  deal  or  not  at  all  by  fine  work. 
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[The  determination  of  the  proper  reading  glass  in  presbyopia  requires 
much  care  and  patience.  First  the  full  correction  for  distance  must  be 
determined  accurately.  Then  the  patient  wearing  this  correction  is  placed 
as  nearly  as  can  be  under  his  normal  working  conditions  and  with  his 
work  at  the  habitual  distance.  Then  different  convex  glasses  are  added, 
to  the  distance  correction  until  an  addition  is  found  that  gives  the  most 
serviceable  and  comfortable  (which  is  not  always  the  sharpest)  vision. 
With  each  addition  it  is  well  to  determine  the  near  point  and  correspond- 
ing amount  of  accommodation  with  the  accommodation  disk  (page  816). 
As  stated  on  page  822  the  correction  will  vary  greatly  with  circumstances, 
but,  as  a  rule,  a  glass  which  brings  the  near  point  within  25  cm.  (  =  4  D) 
is  not  well  borne,  and,  other  things  being  equal,  the  glass  that  gives  the 
widest  and  most  serviceable  range  of  vision  is  the  best.  Sometimes  the 
accommodation  test  shows  a  constant  difference  in  the  maximiun  accom- 
modative power  of  the  two  eyes,  and  in  that  case  it  may  prove  best  to 
make  a  stronger  addition  for  reading  in  one  eye  than  in  the  other. — D.] 


Optical  variations  of  the  eye  from  the  normal  may  relate  either  to 
its  refraction  or  to  its  acconunodation.  The  anomalies  of  refraction 
are  to  be  rigidly  differentiated  from  those  of  acconunodation,  with  which 
they  are  frequently  confounded.  An  eye  whose  refraction  varies  from 
the  normal  or  emmetropic  we  call  ametropic.'*  There  are  three  varieties 
of  ametropia:  Myopia,  hypermetropia,  and  astigmatism.  When  the 
refraction  of  the  two  eyes  is  different,  we  speak  of  anisometropia. 


*  [From  a,  privative»  ^«'rpoF,  a  limit,  and  w^,  sight.] 


CHAPTER  III. 

MYOPIA. 

143.  SHnRT-sTflH>|rKnNKas  {myopiaf  M)  is  that  refractive  condition 
of  the  eye  in  which  rays  that  arej^arallel  to  each  other  when  they  fall 
upon  the  eye  come  to  a^ciia.^aljaflaLofthere^  Hence,  when  the 
rays  strike  the  retina,  they  have  already  become  divergent,  and  ther^ 
fore  form  a  diffusion  circle  upon  the  latter  (o  a,,  Fig.  373)*  A  distinct 
image  is  formed  upon  the  retina  only  when  the  rays  have  a  certain 
degree  of  divergence  as  they  arrive  at  the  eye,  which  is  the  cietse  when 
they  emanate  from  a  point  R  situated  close  by  (Fig.  373).  This  point 
is  the  far  point  of  the  myopic  eye — i.  e.,  is  the  point  for  which  the  eye 


rie  myopic  eye — i.  e.,  is  the  point  tor  wnicn  the  eye   i 
> A- -^-Aa    i^V^  J 


'*'    %l^/^4 


Fio.  373. — Path  or  the  Rays  in  a  Myopic  Eye. 


is  adjusted  when  in  a  state  of  accommodative  repose.  Accordingly,  the 
far  point  in  this  case  lies  at  a  finite  distance.  The  greater  the  myopia, 
the  farther  in  front  of  the  retina  is  the  point  of  intersection  of  parallel 
rays,  and  hence  the  greater  is  the  divergence  that  rays  must  have  in 
order  to  unite  upon  the  retina,  and  hence,  too,  the  nearer  to  the  eye 
must  the  far  point  (Ä)  lie.  Consequently  the  degree  of  myopia  is  de- 
termined by  the  distance  of  R. 

Determination  of  Myopia, — The  distance  of  R  from  the  eye  can  be 
measured  directly  by  placing  fine  print  before  the  eye  and  gradually 
withdrawing  it  until  it  becomes  too  indistinct  to  be  read.  This  method, 
however,  has  serious  defects,  so  that  we  prefer  to  determine  the  position 
of  R  by  means  of  concave  glasses.  Let  us  assume  that  the  eye  has  such 
a  degree  of  myopia  that  its  far  point  is  50  cm.  in  front  of  the  eye  (Fig. 
374,  F);  the  rays,  then,  that  emanate  from  this  point  come  to  a  focus 
upon  the  retina  (at  /).  How  can  we  manage  to  have  this  eye  see  parallel 
rays  distinctly — i.  e.,  have  them  focused  upon  the  retina?  ElVidently, 
by  giving  them  the  same  direction  as  if  they  emanated  from  the  far  point. 
This  is  effected  by  placing  before  the  eye  a  concave  glass  of  50  cm. 
focal  distance — i.  e.,  of  —  2D.  By  this  glass  parallel  rays  are  rendered 
as 'divergent  as  if  they  emanated  from  its  focus  (see  page  793).     This 
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[lies  50  cm.  in  front  of  the  glass — that  is,  at  the  same  spot  at  which  the 
far  point  of  the  eye  is  .situated  (at  /).    Arcordingly,  parallel  rays  acquire 

'the  same  direction  an  if  they  enmnated  from  the  far  point  of  the  myopie 
eye,  and  are  hence  foey.sed  upon  the  retina  of  the  latter  so  as  to  form  a 
distinct  image.  (In  this  discuüsion  the  distance  of  the  glas^s  from  the 
eye  is  neglected.)^ 

The  deduction  made  in  the  foregoing  example  holds  good  for  all 
degrees  of  myopia.  The  following  rule  may  therefore  be  enunciated: 
A  .^^^^^^^y^^ligtinctlv  at  infinite  distamj^^^^^^^.^]T]Vt^,Yf  f^^^"^ 
w  lio^^^^^^^^^^^^<juai  to  the  distance^^o^arpoiitit  from  th  e 
eve.  ^HBB^^rsely:  The  ffical  length  of  tharconcave  glass  with  which- 
flie  myo{)ic  eye  sees  remote  olijects  distinctly  gives  tlie  distance  of  the 
far  point  from  the  eye^ — i.  e-,  the  degree  of  myopia.  If  a  man  i^ees  remote 
objects  distinctly  with  —5  D,  his  far  point  is  20  cm.  (1Ü0  -r  5  =  20). 
But  in  designating  the  degree  of  myopia  we  do  not  usually  give  the 
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Fio.  374. — GoRREcnoN  of  Myopia  btt  a  Concavr  Ot.4««. 

position  of  the  far  point,  but  give  directly  the  refractive  power  of  the 
ctirrecting  glass     writing,  therefore.  M  =  5  D.  •    ^#r  p^^>^  94ß  Ccü, 

If  a  glass  of  -6  D  is  placcHl  before  an  eye  whose  M  =  5  D,  such  an 
eye  would  still  see  clearly  at  a  distance;  the  extra  strength  of  1  D  being 
neutralized  by  a  corresponding  effort  of  the  accommcHlation.  Since  in 
myopia  there  is  often  a  tendency  to  accommodate»  it  is  by  no  means  rare 
to  find  myopes  who  are  wearing  glasses  that  over-correct.  In  order  not 
to  fall  into  the  san^e  mistake  in  determining  myopia*  and  thus  nmke  the 
latter  greater  than  it  really  is,  we  must  regard  as  the  correcting  gl  aas 
the  urakrst  concave  glass  with  which  the~myope  sees  distinctly  at  a 
distance,     tlence,  in  determining  myopia  we  proceed  ag  tolbws:    Ire 


*  Since  we  maj-  eonsider  that  part  of  its  refmctiv«  power  has  been  taken  away  from  the  myopic 
eye  by  Ä  concave  lens,  in  order  to  make  it  equivalent  to  an  emnietropic  eye,  we  say  that  the  rnj^opic 
eye  hn»  the  hi^heT  refraeiivity  of  the  two;  an  eye  with  a  myopia  of  2  ti  in  t»>  to  ••pwiik  E  *  2  D.  Stmi- 
larly  th©  hypermetropjf  eye  i?  known  a«  an  eve  with  lowrr  refractiorj;  a  hy pennet ropiu  of  2  I>  la.  m  to 
apeak.  E  —  2D  (Straub).  fThi*  cfmeeption  of  the  mynpie  eye  as«  prnelieal]'.'  eqnivalopt  ttt  an  emme- 
tropic eye  with  a  eotjvex  ten«  before  it,  i^i  uN'ful  in  pxplnininK  the  «.vrnptoms-  of  myopia,  Thuf»  to  male« 
an  emmetrope  realize  liow  a  mympp  <»f  ft  D  t«ees,  we  have  dimply  to  pot  Fx^finre  hii^  eye  a  +  5  D  leni^.  He 
will  then  have  (he  bhTrred  vision  for  di«tanee,  (he  Amrp  and  entorEed  vision  for  near,  and  the  dose 
near  ptsint  of  om>  having  u  myoptfi  of  tni«  aniotint.  And  lik*^  ä»uch  a  myope  hr  will  t»  reflueoil  to  an 
emmetrope  mrain  by  ailJing  a  —  5  0  len>*  Ur  the  len>  he  already  ha»,  A  myope  of  5  D,  an  emmetrope 
with  a  -  fl  D  before  hi*  eye,  and  an  emmetrope  utfinR  5  D  of  hi.^  aeeommotijitinn  have  for  the  lime 
betni?  the  namf»  wjrt  uf  virion.  So  ton^  to  riemonr*trnte  how  a  hvpermetrope  of  2  I>*eeH  we  havi«  ninipty 
to  put  over  the  emmetmpeV  eye  a —  2D  lefj?».  S^ncli  a  one  will  have  blurred  virion.  «j>pc<iily  rendered 
clear  by  an  often  painful  and  nYmincfi  effort  of  acix>mmrHl»(ion,  and  a  recession  of  hL?  near  point,  just 
a^  the  hypjermetrope  ha». — D.] 


TEXT-BOOK  OF  OPHTHALM( 


place  the  myope  at  a  distance  of  6  {or  5)  metres 
keep  putting  concave  glasses  before  his  eyeSy  beg 
ones  and  gradually  advancing  to  those  thai  are  stro\ 
in  obtained  which  can  possibly  be  secured  in  this  spe 
concave  glass  with  which  this  vision  is  obtained  giv 

This  method  of  determining  myopia,  which 
rJers,  is  the  one  generally  employed.  It  is  prett 
obliged  to  go  gradually  from  weaker  to  stronger 
therefore,  hMi^|||||^^yjj}ite  a  large  number  o 
before  we  get  to  the  one  that  corrects.  Hence 
tho  idea  of  determining  not  only  myopia,  but 
erally,  in  a  more  expeditious  way,  namely,  by 
paratus  which  are  called  optometers.  These  are 
ous  principles.  Most  consist  of  a  test  object  j 
through  a  single  lens  or  through  two  lenses  com 
enter  the  eye  can  be  given  a  parallel,  convergent 
and  thus  adjusted  to  suit  the  different  refractive 
either  by  altering  the  plac«  of  the  test  object  oi 
The  refraction  is  then  simply  read  off  from  a  scj 
the  instrument.  In  spite  of  the  advantage  ac< 
iriatantaneous  determination  of  the  refraction  v 
iifTord,  they  have  not  become  popular,  because 
by  them  is  regularly  too  high;  for  the  person 
instrument  exerts,  without  being  aware  of  it,  s( 
dation.  Hence,  if  we  desire  to  find  the  true  refn 
ive  state  of  the  eye  when  the  accommodation  is  i 
first  to  paralyze  the  accommodation  with  atrop 
causes  the  patient  considerable  discomfort  and  am 

The  determination  of  myopia  by  glasses  or  ( 
subjective  method,  because  it  is  dependent  upor 
patient.  For  this  reason  its  results  are  not  a 
happens  that,  by  the  patient's  straining  his  ac< 
degree  of  myopia  is  simulated  than  really  exists 
pendent  upon  the  patient's  good  will  and  in 
we  are  dealing  with  maUngerers,  who  purposely 
opia  appear  too  high,  in  order  to  escape  milit 
sniall  children  this  method  is  not  applicable.  Foi 
method,  which  consists  in  the  determination  of  1 
of  the  ophthalmoscope  [or  shadow  test],  and  whi 
dent  of  the  statements  cf  the  patient  (pages  9 
even  w^hen  the  degree  of  myopia  has  been  aire 
sul>jective  test,  the  result  should  in  every  insU 
objective  test  of  the  refraction. 

-  [This  is  the  rule,  provided  the  accommodation  is  still  active. 
plet«fly  paralvwvl  by  atropine  or  homatropine.  the  rule  is  the  reverse 
witti  which  the  best  vision  is  attained  gives  tne  proper  correcting  gl 
hli  accommodation  regains  its  power.    See  page  box — D.] 
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Causes  of  Myopia. — The  fact  of  panillel  rays  coming  to  a  fcicus  in 
front  of  tTio  retina,  whicli  constitutes  the  essence  of  myopia,  may  in 
general   arise   in   two   ways: 

i.  The  refradive  power  of  the  eye  is  ahutrmalhf  (jreat,  so  that  parallel 
rays  are  made  too  convergeni,  the  relWX  IVi  ffUs  (^a.se'heinK  in  its  nonnal 
situation  (refractive  mtjopia).  The  eause  of  the  increasetl  refrat-tive  power 
may  he  in  the  eornea  i)r  in  the  lens.  In  the  caniea  it  is<  inereased  eurva- 
^ge  that  leads  to  myopia.    Tliis  is  funml  most  markedly  inT^-tastvs  of  the 


cornea  of  the  most  diverse  sort,  and  to  the  greatest  degree  in  keratuconu8. 
In  tliis  ease  tlie  myopia  is  always  as80ciate<:l  with  a  considerable  degree 
iji  astigmatism. 

The  len.^  ean  cause  alniormal  elevation  of  the  refract ivity  of  the  eye 
either  through  increased  curvature  or  through  augmentation  of  density. 
The  following  cases  fall  under  tins  heail:  (a)  In  luxation  the  len^s  takes 
on  an  increased  curvature  because  the  tension  exerted  by  the  zonula  is 
removed.     If  the  case  is  one  of  luxation  into  the  anterior  chamber,  the 


forwarti  displacement  of  the  lens  contritnites  to  the  increase  m  refractive 
pcjwer,  since  with  the  lens  the  principal  focus  of  the  whole  dioptric  system 
is  shifted  forward,  (5)  Accomniotlation,  wiiich  increases  the  curvature 
of  the  lens,  may  be  kept  permanently  in  action,  and  as  long  as  this  spasm 
of  accommodation  continues  myopia  will  be  present.  The  latter  «tis ap- 
pears when  toe  accommodation  is  paral3'ze(l  oy  atropine,  (c)  Myopia 
dui-  to  increast^n  density  of  thy  Jens  [so-<*alled  imiex  myopia]  not  infn^ 
quentty  sets  ni  at  thf7begmning  of  senile  cataract  (see  page  502)  and  also 
in  diabetes, 

2,  The  refractive  power  of  the  eye  may  be  normal,  so  that  parallel 
rays  come  to  a  focus  at  the  customary  spot,  but  the  retina  may  lie  tot? 
far  hüj^^.  The  cause  of  this  is  an  elongation  of  the  axis  of  the  eye.  TT>r 
which  reason  this  sort  of  m^^opia  is  called  (STiai  myopia.  The  thstention 
of  the  sclera,  to  which  the  elongation  of  the  eye  is  due,  usually  affects 
the  posterior  division  of  the  sclera,  which  is  l>ulged  out  posteriorly,  form- 
ing the  staphylonta  posticum  of  *^carpa>  This  is  the  ordinary  typical 
form  of  myopia,  wtiicn  therefore  deserv'es  special  mention. 

Typical  Myopia. 

144.  Myopes  see  indistinctly  at  a  ilislancc,  because  of  the  presence 
of  diffusion  circles.  To  make  these  smaller,  and  thus  see  better,  they 
s(|ueeze  the  lids  together,  and  in  this  w^ay  produce  a  stenopsDic  slit.  In  fact, 
it  is  from  this  habit  of  blinking  that  the  name  myopia"^  takes  its  origin. 

Myopes  see  well  near  bij.  and,  moreover,  liave  the  advantage  that 
they  neecTuse  little  or  no  accommodation  for  this  purpose.  The  range 
of  accommodation  has  the  same  relation  in  the  myopic  eye  (if  the  high 
degrees  of  myopia  are  excepted)  as  in  the  emmetropic  eye.  Only,  since 
the  far  point  lies  at  a  finite  distance,  the  whole  region  of  accommodation 
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is  placed  closer  to  the  eye,  as  can  be  seen  from  Fig.  3ö8  (Na.  3),  in  wfc 
the  region  of  acrommodation  lies  between  10  and  5  em.  in  frant  of  l1 
eye.  In  working  at  rluse  range,  therefore,  the  myope  needs  to  use  le 
accommodation  than  the  ennnc trope,  or  even  no  accommodtttion  m 
Suppose,  for  inötance,  that  work  has  to  be  done  at  a  distance  of  3^  i 
In  this  ease  the  emmetrope  requires  an  accnnunodation  of  3  D  O0Ö  ^ 
33  =  3),  A  myope  whose  myopia  equals  I  D  needs  only  2  D  of  accon 
modation,  and  one  haviug  a  myopia  of  3  D  needs  none  at  all,  since 
far  point  lies  at  the  working  distance.  As  soon,  therefore,  as  myopia  hiu$ 
reached  a  certain  degree,  the  accommodation  ceases  to  l>e  used  (il  bfij 
presupposed  that  no  glasses  are  worn).  Hence,  in  myopia  of  high  dcgr 
the  range  of  accommodation  is,  as  a  rule,  not  normal,  but  diniiniijhed. 

For  the  same  reason,  in  ni3^opes  presbyopm  sets  in   later  ihiwi 
emmetropes,  or  does  not  set  in  at  all.    To  be  sure,  the  diminution  in  eia 
ticity  of  the  lens  is  producx?d  in  a  myopic  eye  just  the  same  as  in 
other,  but  practically  it  does  not  make  itself  so  perceptible*     If  a  nu 
has  a  myopia  of  3  D,  his  far  point  lies  at  33  cm.,  and  will  always  renj 
there  though  he  Ix;  ever  so  old.     During  his  whole  life,  therefore,  the 
will  be  distinct  vision  at  this  distance,  the  only  difference  from  wli 
existed  previously  being  that  the  patient,  when  at  an  advanced  a^e 
has  lost  his  power  of  accommodation,  will  no  longer  be  able  to  see  cir« 
than  33  cm.— a  thing,  however^  which  there  is  usually  no  necessity  of  1 
doing  in  any  case.    Such  a  myope,  therefore,  does  not  become  presbyoj 
at  all.    Those  having  myopia  of  less  degree  do  become  presbyopic, 
do  so  later  tliati  emmet  ropes.    The  point  of  time  when  presbyopia 
in^.  e,,  when  the  near  point  recedes  beyond  33  cm. — ran  easily 
calculated  for  each  individual  case  if  we  know  the  degree  of  myoj 
the  amount  of  the  range  of  accomn  odation  at  different  ages» 

The  troubles  that  myopes  cooq)lain  of  vary  according  to  the  de^ 
of  myopia.     In  the  lower  grades  of  myopia  distant  \ision  isiniji^tinc 
and  vet_ofieu  sufficesT^ir  ordinary  purposes,  so  that  Tnany  niyope.M 

near-siiihu-'i 


this  sort  do  not  use  glassed 


idera 


do  tl 


illii^vvMri 


evqs^  are  generid]x  refTfimed  as  serviceable,  because  th^y  _ 

with  less^^^ccommodation.  and^  moreover*  either  become  presbvopir  la 
or  do  not  iKicmrie  so  at  all.  '"" 


It  is  otherwise  with  the  high  degrees  of  myopia.  In  this  ca^^e  go? 
only  is  thexomplaint  made  of  incjlstmct  vision  at  a  distance«  but  als* 
of  jnabjli^^  to  keep  on  \vith  work  near  by  for  anv  ^fng^jj  ^>f  tiii^o-  fnjj 
o w  1  ng  to  t h c  sliort  distance  fro m  the  eyes  aT  which  t h e  fi\r  Doirif  li c 
a  cbnsnlerabk^  cfTortTl^  convergenj^  is  requtre(3— an  effort  which,  mgr 
oyer,  jis  pfjciL  rendered  dJFIicult  i>ecäiise  the  impulse  to  cc^nx-M^^f^  j 
diminished,  owing  to  tjie^  alHilition  of"  the  accommodation.  Hence. 
latenT  divergence  and,  a^a  result  of  itT  troul»les  ,^v  '^utir  of 

cular  asthem 


n 


mua 


_^____^  pia  dovf^lon.    By  a  transformation  ol  1 1  nt  divergen 

into  a  manifest  one.  a  strabismus  divergens  may  be  set  up,  a  conditii» 
therefore,  which  is  most  frequently  met  with' as  a  result  of  high  mvopia 
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In  invopiii  of  high  degree  it  h  ofteii  the  ease  that  satisfactory  di s- 


tant   vision   la  riut_iitt 
exist  in  the  f 


?gree 
'even 
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attamedeven   by  gJa8,sgs7"P^cause   n^ort>i{[   ehaiigeg 

Por  the  ^i me  reason,  vision  cluse  bv  is  trpfiTif>iitiv 

def  eel  i  ve  i  nj^  jnTe  of  thegreat  approximation  of  the  ohjert>  Moreover, 
conrphiint  is  made  of  rapid  tiring jrjf  ihe  eyesTof  greaT  sensitiveness  to 
light^and  of  nmsca*  vcdjtantes.  Ihe  last-named  phenomenon  is  also, 
to  be  sure,  found  in  heahhy  eyes  (see  page  534);  Init  the  niyopir  eye 
is  more  apt  to  see  musca*  volitantes,  and  sees  iheni  in  greater  number. 
This  arises  from  the  fact  that  myopic 
eyes  without  glasses  see  everything 
indistinctly;  and  upon  a  hazy  back- 
ground, such  as  is  caused  by  this  inttis- 
tinct  sight,  opacities  are  better  pro- 
jected. Mcjjgm^^er,  in  the  hkh^r  degrees 
of  myopia  natlioLog|ral  opacities  of  tlie 
\'  i  i  reo  us  a  re  a  p  t  to  bp  t]f£Sf>  1 1 1 .  M  u  s  c  a* 
volit antes  are  not  infrequently  a  source 
of  constant  annoyance  and  worry  io 
myopic  patient«. 

Objective  exQwinalion  of  a  near- 
sighteil  eye  shows  that  it  i>Y\on":er  than 
normal  (Arlt).  The  eloniication  is^ro- 
iluccdTas  dissection  of  such  eyes  shows, 
by TTIe  distention  of  the  sclera  at' the 
postenor  }>ole  (^ig>  375).  In  marked 
mviUMa  tni^  enlargement  of  the  eyeball 
is  recognizable  e%'en  in  the  living  eye. 
Theeye  nro^ycts  far  forward  (pop-eve) ; 
and  whpTi  it  j^s  turned  well  io  to^y|ird 
the  nose,  so  that  the  equatorial  f^^gioo 
ajjpears  m  the  outer  portion  uf  thq  piil- 
pebrälnssure.  this  does  not,  as  in  the 
rase^f  tFelxormal  eve,  make  a^fiarp 
curve  m  turning  biM^l^^v?trfl  but  runs 
bade  without  miiy])  curviiig — ajinost 
straight,  in  facL  Yervinyopic  eyes  are 
also  usualt\^  characterized  by  a  deep  anterior  chamber  and  a  dilated  pupih 

The  most  important  changes  inmyopiu  are  those  which  are  situated 
in  the  fundus  and  can  be  recognized  by  ophthalmoscopic  examination. 
These,  as  a  general  thing,  are  the  more  extensive  the  higher  the  degree 
of  the  myopia.  They  alTect  above  all  the  chcirioid  and  retina,  which 
become  atrophic,  both  in  the  vicinity  of  the  papilla  and  in  tlie^'egion  of 
the  maculaJutea  (see  page  442).  The  latter  spot»  moreover,  is  tITe 
favorite  seat  of  retinal  hemorrhages.  Numerous  floating  opacities  are 
formed  in  the  vitreous,  the  latter  at  the  same  time  becoming  liquefied. 
The  consequences  of  the  degeneration  of  the  vitreous  make  themselves 


Fio.  875. — CaoB»  Skction   of   a   M  topic 
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Mm.     Magnified  2  K  1. 

TheiPCta-iiR  (staphyloma  posticum)  wliidi 
occtipie,"»  I  lie  pOi*teri(ir  "eiE  merit  oLthe  eye 
exri»ridii  Froizi  r  iu  e\.    Over  the  dBa^  (»«^pu- 


piwJ  by  the  ^tsphyloma  tb»  »cl« 

murh  tbituietl,  and  at  the  «pot  wt*^^  if  Ia 


1 1»  veTy 


continuous  with  the  »heath  of  ihr  optic 
tier\*e  its  layen^  have  Aeparat^t  froni  each 
olhpr,  ^«>  that  the  intervntfinal  ^pace  is  di- 
lated at  its  extremity,  an«i  more  m)  at  tbe 
na^  9ido,  n,  than  at  the  teinpural  »ide,  f. 
The  optic  neri-e,  #,  »how^  within  the  fora- 
men «clerw*  an  outward  l>enil.  The  anterior 
chamber  is  ^  erv  deep;  the  cUiary  body 
project  J»  byt  slightly. 
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apparent  both  in  the  lens  and  in  the  retina.    In  tt 
opiisities,  and,  as  a  result  of  the  atrophy  of  the 
lousness  and  even  luxation  mav  9ccur:   in  the  re 
ensue. 

Most  cases  of  myopia  are  those  of  low  degree 
youth  and  come  to  a  stop  after  the  completio 
(stationary  mvovid).  In  other  cases,  however, 
ronsiderable  height  even  in  youth,  and  then  does 
but  increases  steadily  during  the  whole  life,  so 
the  greatest  possible  degree  (yrooressive  myoyia 
causes  that  lead  to  destructive  changes  m  the  ir 
that  cause  myopia  to  appear  in  the  light  of  a  dise 
eerious  disease,  too,  which  in  advanced  age  often 
or  even  blindi).ess. 

145.  Causes  of  Myopia. — Myopia  is  only  ex 
elongation  of  the  eye  in  that  case  existing  at  tl 
rule  is  that  mvopJA  develops  in  youth  at  tl 
whole  body  is  growing  rapidly .  considerable  der 
made  upon  the  eyes  by  school  life  or  by  work. 
by  many  observations  that  acquired  near-sight< 
exclusively  in  those  persons  who  are  compelled  U 
near  work.  Such  are,  on  the  one  hand,  the  mi 
classes  who  apply  themselves  t^LStudy;  and,  on  t 
people,  like  tailors,  seamstresses,  compositors,  li 
have  fine  worCtoT  do.  'There  is  thus  no  doubt 
nivopia  is  furnisheH  ]^v  r\f^i\T  ^-f^rlf  Here  two  f 
namely,  the  accommodation  and  the  converge 
action  of  which  the  distention  of  the  posterior  pol 
But,  although  straining  of  the  eyes  in  near  work 
not  all,  but  only  a  fraction  of  those  who  are  subjc 
ualiy  become  near-sighted.  In  this  fraction,  then 
fat  tors  must  be  present  which  favor  the  develc 
due  to  near  work.  The  following  are  the  factoi 
know  of  :  1.  A  wedisfosition  to  myopia,  which  d 
definite  flnRtomirnl  ronditinns.  siioh  fllaj|pa-.s||frht  i 
peculiarities  in  the  relations  of  the  ocular  muscle 
etc.  Since  anatomical  peculiarities  are  apt  to  be  ii 
character  of  myopia  is  also  readily  explainable, 
sighted  parents  are  not,  to  be  sure,  bom  near-si 
exposed  to  those  conditions  which  favor  the  devc 
edness,  they  show  a  greater  tendency  to  becom 
children  whose  parents  have  normal  sight.  2.  The 
compel  toojireaf  n'j^yrn^^^jtini'innn  nf  ff^f  ^iw^r-Jr  aud  1 
maflygreat  accommodation  and  convergence.  Th 
tic'iilarly  fine  work  has  to  be  done,  or  when  w< 
insufficient  illumination,  and  also  when  the  visual  i 
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nmculaB  of  the  cornea,  opacities  of  the  lens,  astigmatism»^  etc.),  sf)  that 
it  liecfimes  iieceäsary  to  bring  the  objerts  cloi^r  than  ij^uiil  (see  page  807)» 

Treatment. — It  is  inipossible  to  do  away  with  the  elongation  of  the 
eyeis,  that  forms  the  hmi^  of  myopia.  We  niuöt  con  tine  ourHelve«  tu 
making  proviwioii  by  means  of  suitable  glasses  for  distinct  vision,  and  to 
procedures  that  will  enable  flose  work  to  be  carried  on  as  far  as  may  be 
without  tiring.  Moreover,  the  progress  of  the  nrur-sight  must  be  checked 
as  far  as  jx>ssible.  and  any  complirations  present  Ik*  attacked. 

The  followiog  principles  hold  good  Mith  reference  to  the  weariiig  of 
glamts  by  myojies:  In  tlie  low  degrees  of  near-sight  (up  to  atmiit  2  D) 
it  is  sufficient  to  order  glasses  for  distance ,  provided  that  any  desire  for 
them  is  expressed.  For  near  work,  glasses  are  not  necessary,  since 
vision  can  be  carried  on  without  them  at  a  sufficient  distance-that  is, 
up  to  or  beyond  50  cm.  Hence  we  may  leave  it  to  the  patient  himself 
whether  he  shall  use  his  glasses  for  his  near  work  or  not.  But  in  case 
troubles  referable  to  a  latent  divergence  [exophoria]  are  present,  the 
glass  should  l)e  worn  for  near  also,  since  by  means  of  it  the  latent  diver- 
gence  is  relieved  (page  728).  In  the  medium  degrees  of  near-sight — i.  e,, 
from  2  to  about  7  D — glasses  are  necessary  for  distance,  and  they  are 
tjfien  desirable  for  near  work  as  well;  for  otherwise  the  work  would 
have  to  be  held  too  close,  and  would  thus  re(|uire  great  convergenre 
wliirh  might  give  rise  both  to  exhaustion  of  the  eyes  and  to  progressive 
increase  of  the  near-sigbt.  If  the  eye  is  otherwise  healthy,  and  the  range 
of  accommodation  is  large  enough,  a  glass  is  prescribed  which  can  he 
worn  constantly  for  both  distant  and  near  vision.  We  may  give  a  fully 
correcting  glass  or  one  that  is  somewhat  weaker.^  If  the  range  of  arcom- 
niodation  is  smalh  either  on  account  of  advanced  age  or  from  other 
reasons,  the  glass  which  corrects  the  n»yopia  will  not  be  borne  for 
near  work.  Near-sighted  |iersons  who  have  worn  the  same  glass  (con- 
stantly for  many  years  find  that,  as  they  become  older,  reading  with 
this  glass  becomes  more  and  more  tlifficuU.  In  such  case-S  two  sets  of 
glaases  must  \m  ordered:  a  stronger  one,  which  almost  corrects  the 
myopia,  for  far  points;  and  a  weak  one,  for  near  work,  which  removes 
the  working  distance  to  the  point  desired.  The  same  rule  holds  gfxjd  for 
the  high  degrees  of  myopia,  in  which,  likewise,  different  glasses  nmst 
lie  prescrilied  for  far  and  near.  When,  owing  to  complications,  the  visual 
acuity  is  greatly  dinnnished,  glasses  are  in  any  cmse  of  little  or  no  use. 

Prescribing  glasses  for  near-sighted  persons  requires  much  experi- 
ence and  a  careful  consideration  of  all  the  attendant  conditions.  In  no 
rase  should  the  choice  of  glasses  he  left  to  the  optician. 


•(TTi«  effect  of  BiftiKiDatiani  i»  [Karticularly  imporlBint.  Irrefqilar  a.^li)^tiiatism  iind,  »ccorfling  to 
r«cent  «tatistieti«  kiVBme  and  oblkiue  ttBlijpttiihiiiTi  are  uf  e»ppria!  ftiirnificaiiri!'  ir;  causing  myapta. —  D.) 

» tStatwtic«  wem  to  prove  unraui vocally  tliat  the  fuJl  and  early  rorrection  of  myopia  li?ndii  to 
check  th©  projcrea«  of  the  process.  It  is  (hercfurp  becoming  a  more  anil  mor»  prevnlt>t)t  practice  here 
and  also  in  Europ«*  to  correct  rayopäa  ftjily,  even  when  of  alight  degree,  aiid.  aä  far  as  po««ible.  to  get 
the  patient  to  utte  the  Mime  ^»j^^  U\f  distauce  and  Dear.'  In  this  way  the  eye«  are  placed  under  more 
cormitl  ciindil  ionei  both  far  distant  and  near  vitton  and  alao  a«  regards  their  accommotJative  functicxn. 
The  ret»ult  of  thi«  pfuclice  in  iadividiial  cases  has  proved  otameutly  «aiislaciory.     Sc«  alao  pag»  ÖÖl. 
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In  addition  to  the  selection  of  glasses,  the  regulation  of  the  palUni'» 
habits,  both  as  regards  his  general  condition  and  his  eyes,  must  be 
attended  to.  This  is  the  more  important  the  greater  the  myopia  is.  and 
the  more  reason  there  is  to  apprehend  its  progressive  advancement  and 
the  development  of  complications.  And,  first  of  all,  near  work  miist  be 
restricted  as  much  as  possible.  Such  work  as  has  to  be  done  under  any 
circumstances  should  be  performed  at  the  greatest  possible  distance 
from  the  eyes.  To  effect  this  we  must  see  to  it  that  the  print  of  the 
books  is  good,  that  the  illumination  is  sufficient,  that  the  correct  posi- 
tion is  maintained  in  reading  and  writing,  etc.  Work  in  the  evening 
by  artificial  light  must  be  restricted  as  far  as  possible.  It  is  very  advan- 
tageous to  interrupt  the  work  at  frequent  intervals  and  rest  the  eye? 
by  looking  at  a  distance.  If  it  is  apparent  that  the  near-sight  is  making 
rapid  progress  and  threatens  to  reach  a  still  higher  degree,  it  is  advisable 
to  drop  all  studies  for  quite  a  long  time.  Young  people  with  markedly 
progressive  myopia  should  be  warned  to  take  the  condition  of  their 
eyes  into  account  in  choosing  a  profession.  An  occupation,  like  that  of 
civil-service  clerk  or  one  of  the  learned  professions,  that  requires  constant 
reading  and  writing,  is  not  suitable  for  people  of  this  sort. 

In  the  highest  degrees  of  near-sightedness,  we  may  remove  the  lens  by  discission, 
even  if  it  is  still  transparent  (Fukala).  The  operation  is  a  suitable  one  for  young  per- 
sons, whose  myopia  amounts  to  more  than  15  I),  and  who  do  not  show  excessive  patho- 
logical changes  in  the  fundus.  The  eye  may  thus  be  brought  nearly  to  the  point  of 
emmetropia,  so  that  it  is  able  to  see  distinctly  at  a  distance  without  any  glass.  We 
must  not,  however,  overlook  the  fact  that  by  this  operation  we  sacrifice  the  accom- 
modation, and  that  the  operation  does  not  act  to  check  the  increasing  elongaticm  of 
the  eyeball  and  the  consequent  changes  in  the  fundus. 

The  anatomical  demonstration  of  the  enlargement  of  the  myopic  eyeball  was  6nt 
made  by  Arlt,  and  thus  the  nature  of  myopia  was  established  (1854).  Scarp«,  to 
be  sure,  had  already  at  an  earlier  date  (1807)  observed  the  ectasia  of  the  posterior 
pole  of  the  eye  peculiar  to  myopia,  but  did  not  recognize  it  as  the  cause  of  the  latto'. 
The  size  of  this  ectasia  is  in  direct  ratio  to  the  degree  of  the  myopia.  In  near-oi^ 
of  moderate  amount  the  ectasia  is  limited  simply  to  the  posterior  pole  of  the  eye;  but 
in  the  higher  degrees  of  myopia  the  ectasia  (e  e^.  Fig.  375)  extends  until  the  optic  netre 
is  implicated,  and  gets  to  lie  upon  the  side  of  the  protrusion.  The  elongation  of  Übt 
eyeball  due  to  the  ectasia  may  be  very  considerable;  there  are  eyeballs  which  have 
an  axial  length  of  upward  of  35  mm.,  while  the  normal  eye  is  only  24  mm.  long. 

The  most  striking  feature  presented  by  microscopical  examination  of  the  ectatk 
posterior  segment  of  the  eyeball  is  the  displacement  of  the  sclera  with  reference  to  the 
optic  nerve.  It  looks  as  though  the  trunk  of  the  nerve  had  been  pulled  away  from 
the  foramen  sclerse  and  toward  the  nasal  side;  and,  as  the  head  of  the  optic  nerve  ii 
fixed  in  the  foramen  sclerse,  the  effect  of  this  traction  is  that  the  nerve  itself  is  made 
to  bend  at  its  extremity  (Figs.  375  and  376).  The  external  sheath  is  thus  diawn  away 
from  the  trimk  of  the  nerve,  particularly  at  the  nasal  side.  This  same  displaoefiient 
is  recognizable  in  the  chorioid,  from  the  fact  that  the  latter  is  drawn  away  from  the 
border  of  the  optic  disk  on  the  temporal  side,  while  at  the  nasal  border  the  chorioid 
is  drawn  up  over  the  optic  disk  (Fig.  376).  The  sclera,  wherever  it  happens  to  lie 
within  the  ectasia,  becomes  attenuated,  so  that  often  it  is  only  as  thin  as  paper.  The 
superjacent  chorioid  and  retina  present  in  the  main  the  appearances  of  atnyphy  to- 
gether with  slight  inflammatory  changes;  in  the  later  stages  both  membranes  m 
reduced  to  a  thin  pellicle  almost  destitute  of  pigment.  The  vitreous  in  its  posterior 
division  is  often  liquefied. 


Fia,  876,— Opnc-NEHVE  Epttrante  ih  Mtofia. 


A.  OrwTHALMtmcowtc  Imaqt.  or  thk  P*prLLA.  -Thi»  papilla,  b-c,  i»  of  tb«  ihap«  ol  an  ellipoR 
W3tli  it»  lon^  adrift  verticiü.  Iti  iti<  «juter  liulf  it  vhawn  the  largf  phyHiolo^ical  exdivAtioii.  upon  whi>M* 
floor  »re  vUuHe,  the  Jtniy  ntipplin^^  «»f  the  ItiiTiiim  cribrrw»«.  while  the  ornimJ  vesael«  awnid  on  the 
inner  wall  of  the  excavation.  Adjuinitie  the  inner  bonier  of  the  papilla  and  ihH  sharply  »eparated 
frotn  it,  is  the  bright  crescent,  a-b  'di»traction  crescent).  Tlii^  i»  of  a  white  color,  while  the  ptipilla 
it#eir  w  reddish.  The  cref-ef-nt  i(*  cttvcred  with  iirownish,  plonpfated  marking^,  repre!<entiuj|  remait}^ 
of  the  stroma  pigment  of  the  chorioid.  Th*»  temporal  border  of  the  i're!K*nt  i*  sharply  dehned.  and 
the  ehorioi<l  udjcHriiiig  it  i«  Moiuewlmt  more  piKrnerite<ii  tluui  ujiiial.  Un  the  other  hatjd.  the  chorioid 
it»  the  vicifiitv  of  the  noAal  border  of  the  papilla  #how«  a  somewhat  lighter  coloratitm  in  the  space  be- 
tween t  ami  «I,  so  thai  ft  yclbwifih  (Te«»ent,  which,  to  be  sure,  i*  not  mueh  mott  tlmti  a  BOioeeAtion  of 
«>ne,  is  formed  on  the  naaal  aide  of  the  dink  (supertraction  creiicetit  i. 

B,  [vOJMonrrpiHAL  8ibiTiON  THRofoh  thf.  Hkad  of  tkf  OpTtr  NicRVE,  Mamaifiecl  14  -  1.  Here 
the  cliaplaeement  of  the  nptie  iMTve  with  relation  to  the  aperture  m  the  acilera  and  cborioid  demipied 
for  ita  pawatge,  u»  obviou».     The  optic-nerve  fmiiculi,  wherever  they  oonrnat  of  medidlated  fiber«,  are 


colored  bJack  by  WeiKert'e  hv^matoxylin  «lain;    beiweeu  them  caii  be  teen  the  septa,  which  remain 
unMAtned,  and  the  lonsitudina]  Mcrtion«  of  the  central  artery  and  central  vein.     The  black  «tait^ing 


_  .  t  abrtjptiv  »I  the  lamina  cribrosa.  Tn  front  of  th«  Lamina  cfibros«  the  head  of  the  optic  nerve 
preMntii  the  phynio logical  excavation«  Tlii«  is  a  depreeiiion  whose  floor  at  it^^  fle«peKt  part  \n  fonmed 
by  the  lamma  cribro*«.  The  iempcraJ  wall  of  the  excavation  »lope«  down  cimite  gradually  from  the 
retina.  The  nonal  wall  decline«  abruptly,  and  «howa  the  crowi  M-rtion  of  tbe  central  vei«»eU,  The 
trunk  of  the  optic  nerve  is  inserted  ohhquely  into  the  eyefaaU.  a  fact  that  i»  particularly  evident  when 
eompariifon  i»  made  with  Fäjf.  2fi3.  Thin  dinilacement  is  mo«t  pronounced  where  the  nerve  traversej 
the  aclera  and  chnrioid.  The  temporal  wall  of  the  ftclerotico-choricndfll  canal  therefore,  in  {**"»<« 
»omewhat  forwarrl.  and  hetice.  since  the  overlvin«  retina  i»  trannparent,  r<une»  into  view  when  Itxiked 
at  from  in  front  (with  t}je  ophtlialmofloope),  forminit  a  brisbt  crescent  eTitendin|:  from  6  to  the  point 
«,  where  the  pigment  epithelium  besin^'.  Tlie  »troma  purment  of  the  chorioid  extendu  soroewliat 
further  inwartl  than  do^  the  piirment  epithehum.  and  in  consequently  men  under  the  fj»"» Jf  HT^T? 
»pctt«  upcjn  the  bri«ht  di^k  of  the  crettcent.  The  nasal  wall  of  the  «eleml  canaJ  i»  turned  partlytjaclt- 
wanJ.  nn  tlmt  it  hiwi  to  pa*«  in  front  of  the  moat  nasallv  Kituate*i  portion  of  the  optic  nerve^  <>-fl.  A» 
the  di^iplacemcnt  afTeciH  not  only  the  aperture  in  the  ccleni  but  alf^o  that  in  the  chorioid.  t_he  ehoriOKl  la 
alto  drawn  up  over  the  nasal  bfirder  of  the  optic  ner\^e  a*  far  aji  the  point  c.  f?ince  now  thte  ri***l  V^'"^ 
ttonof  thepapjlln.  bei nif  covered  bv  the  wcleraand  chorioid,  i^not  distinctly  %i«ble  with  the  ophthalmo- 
•eope.  the  papilla  appeam  ccmtractefl  in  it**  horizontal  diameter.  Neverthele««,  the  I>*>[^'^n  of  the 
optic  nerve  that  in  ihiip  concealed  irlitnmern  t)vrouirb  itj»  coverin«,  w  aj*  to  be  di^tinimi*habJe  under 
tfi«  form  of  an  ill-defined  vellowiüh  crescent  at  the  na.'-ai  border  of  the  Papilla  (A*  f-d^.  The^dipplac<&- 
ment  of  the  optic  ner\e  with  reference  tu  the  «»clera  i;^  shnre«!  m  bv  I  he  flicatha  of  the  netA-e.  I  he  durw 
eheflth,  (tu.  and  the  mljoininjr  amchnoitl  üheath,  at,  are  separated  from  the  nerve,  e*p^cmlly  at  n»  tem- 
poral 'tide,  and  the  intervajrinal  (tpace,  v  v,  i»  consequently  dilated.  On  the  other  liand,  the  pial  «heath, 
p  lioi  in  clow  appo?)ition  to  the  nerve. 
5i 
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The  anterior  segment  of  a  very  myopic  eye,  as  far  b 
normal  (Iwanoft).  This  muscle  has  a  smaller  txanaverse 
tropic  eye,  since  the  circular  fibers  are  less  developed,  ar 
most  entirely  wanting  (Fig.  378).  These  circular  fibers, 
whnpe  fimction  it  is  to  provide  for  accommodation;  and  a 
employed  in  a  myopic  eye,  they  are  not  properly  develop 
prwesses,  too,  in  the  myopic  eye  are  not  as  large  as  usua 
lieam  abnormally  flat.  In  hypermetropic  eyes  the  op 
ihe^,   Müller 's  portion  of  the  ciliary  muscle  is  hypertr 


FlO.  377. CUJAHT    BODT   OF    AN    ElfflffETRC 


Fio.  378. — Ciliary  Body  ok  a  Myopic 


Fio.  370. — CiLiABY  Body  of  a  Hypermeti 

tntHlative  effort,  and  thus  the  whole  muscle  is  increased 
ciliary  body  projects  farther  toward  the  interior  of  the  e] 
of  Figs.  37*8  and  379  with  each  other  and  with  Fig.  377, 
btxty  of  an  emmetropic  eye,  shows  how  the  shape  of  the  su 
determined  by  the  form  of  the  ciliary  body.  In  a  myopic 
hypermetropic  eye  shallower,  than  in  the  emmetropic  ey 
aLstj  be  observed  macroscopically  in  the  living  eye,  is  hel 
gt^nesLs  of  glaucoma.  We  know  that  in  the  latter  conditio 
of  the  ciliary  processes  and  also  to  the  thickenmg  of  the  ir 
la  dilated,  the  iris  is  pushed  against  the  cornea,  and  the  a 
ts  thus  shut  off  (see  page  483).  Obviously  the  more  pron 
thi»  narrower  the  sinus  of  the  anterior  chamber  the  more 
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place.  In  thia  fact  \s  probably  contained,  at  least  in  part,  the  reason  why  h^^wrmetropic 
©yea  are  very  frequently,  and  myopic  eyes,  on  the  contrary,  are  very  rarely  inde^, 
attacked  by  iiilljimmatory  «laiit'oma. 

The  opht  halm O.SCO pic  and  atiatomical  changes  which  make  their  appearance  in 
the  higher  grn*]»^H  of  myopia  render  it  evident  why  the  visiud  artiiiy  is  almost  never 
found  to  be  normal  in  very  markend  near-night.  Among  the  laity  then*  Lh  a  belief  that 
near^ght  dimiDisheg  in  age;  but  rhii*  ia  true  only  for  the  luweet  dc:^ees  of  myopia. 
In  advanced  age  the  emmet ropie  eye  bfomes  hypermetropic  (see  piige  842);  conse- 
quent ly,  in  a  myopic  eye  the  myopia  must  «lirninlsh.  Myopes,  however,  often  bcheve 
that  they  are  beeommg  les«  near-siglitetl  berause  they  see  better  at  a  distance  without 
glasses  than  they  used  to  do,  and  yet  testing  with  glasses  shows  no  diminution  in  the 
myopia.  This  improvement  in  \nsim\  depends  U|>on  the  fact  thai  in  old  age  the  pupils 
become  more  contracted,  and  hence,  wlien  hxjking  with  the  naked  eye,  the  diftusion 
circles  are  smaller.  But  all  persons  who  have  a  great  tiegree  of  near-flight  see  worse 
and  worse  as  their  age  increaaiM,  b<M'au5e  not  only  is  the  myopia  augmented,  but  the 
complications  of  myopia  tend  to  develop  more  and  more,  fin  myopia  of  10  to  12  D 
the  vision  may  still  be  IS»  especially  in  children.  Visually,  however,  it  i>t  not  better 
than  '\l  and  may  be  only  }J.  In  myopia  of  over  12  D  vision  ia  raroly  better  than  fR 
even  when  there  are  no  eomplieations,  and  when  the  myopia  exceeds  15  D,  vision  is 
generally  ifJJ  or  {%  at  best.— D.] 

Near-sight  of  any  higher  degree  incapacitates  the  subjeet  for  mUitary  «ertnee.  In 
Austria,  according  to  the  militarj^  regulatioms  of  löOti,  capacity  for  every  branch  of 
the  service  is  held  to  exist  when  the  myopia  is  represent  etl  by  an  approximation  of  the 
far  iioint  equal  to  2D  cm,  (A/ =  5  D).  For  the  one-year  volunteers  thia  Umit  for  the  far 
|K>int  ia  reducetl  to  17  cm.  (A/ =6  D).  A  myoyjia  of  «iver  t>  D  excludes  from  military 
service  altogether.  The  visual  acuity  is  also  taken  into  account.  Those  only  are  re- 
garded BS  available  for  all  purposcs  who  have  at  le.xst  vision  =  f'j  (or  0.5)  in  botli  eyes 
(after  correction  of  any  existing  ametropia).  Re<luetion  of  the  vision  to  /f  (or  0.25)  in 
the  better  eye  and  ^^  (or  OJO)  in  the  worse  eye  altogether  incapacitates  the  candidate  for 
military  service. 

In  Germany  a  myopia  in  which  the  far  point  in  the  better  eye  is  distant  15  cm. 
or  less  (A/=ß.5  D  or  more)  is  n^garded  as  permanently  incapacitating  the  candidate 
from  military  ser\^iceg.  A  less  degree  of  near-sight  tlxan  that  above  given  render»  a 
man  conditionally  fit  for  service  if  the  \dsual  acuity  amounts  to  more  than  half  of  the 
nonnal.  As  regards  the  visual  acuity  the  law  decides  that  a  reduction  in  the  better 
eye,  to  J  or  below  (after  any  refractive  errors  present  have  been  correetc^i)  renders  a 
man  unfit  for  service  (Gennan  army  orders  of  November  22,  1888).  (The  United  States 
army  req^iires  for  the  Vmv  and  signal  corps  vision  of  at  least  jn  in  one  eye  and  ^^t^,^  rn  the 
other  wifhoui  ghisst's,  and  for  the  hospital  ci>rps  ami  ordnance  department  »"  without 
glasses  (corrigible  to  j"  with  glasses)  in  each  eye.  Candidates  for  the  mcflical  corps  are 
accepted  if  they  have  ^^.-^  (corrigible  to  3!J  with  ghi^wt-s).  There  must  be  no  organic  eye 
disease.    The  navy  demands  j[\  in  e^ich  eye  and  for  gun-pointers  f  v — DJ 

Near-sightedness  is  so  widc*sprcad  and  imjwrtant  a  disease  that  it  has  rep**ived 
an  amount  of  investigation  which,  for  extent  and  for  thoroughness  along  all  lines  of 
research,  few  other  diseases  can  eqtial.  The  main  thing  that  these  numerous  in%^e«- 
tigationn  hare  proved  ia  that  near-ftitjht  ix  an  nünhiäe  of  mUyre.  In  the  country,  for 
example,  we  encoimter  fewer  people  with  glasses  than  we  do  in  the  city.  In  the  latter, 
agtiin,  it  is  the  schcKils  which  are  the  main  hotbnds  for  the  propagation  of  near-sighted- 
ness. Cfjhn  by  his  extensii^e  researches  was  the  first  to  direct  general  attention  to  this 
fact,  Sinei'  then,  statistical  researches  in  regard  to  myopia  have  been  publisheft  in  al- 
most all  coimtrics — n^earche^  which  extend  to  all  classes  of  every  condition  and  every 
age,  even  inelurling  newborn  children.  It  ha«»  been  proved  that  among  newborn  chil- 
dren myopia  practically  never  occui>v;  in  fact,  they  are  almost  without  except i(m 
hypermetropic.  Near-sightcfhiess  is  acquircxl  Uiter  in  life  thn>ugh  straining  the  eyes, 
and  hence  fails  to  oet>ur  when  this  strain  is  absent.  In  savage  races  near-sighted- 
ness no  more  occurs  than  it  does  among  ehil«lren.     .\gain,  in  the  lowest  order  of 
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schools — the  primary  schools — there  are  extremely  few  neai^-sigjited  penooB,  aid 
the  same  is  true  of  the  rural  population,  whose  education  does  not,  as  a  rule,  get  moth 
beyond  the  primary  school.  The  school  most  dangerous  for  the  eyes  is  the  gmnmv 
school.  It  is  in  this  that  myopia  first  develops  and  then  increases,  both  as  regsnk  iu 
intensity  and  as  regards  the  numbet  of  myopes,  in  proportion  as  we  ascend  the  dasB. 
In  Germany  about  20  per  cent  are  myopic  in  the  lowest  classes  of  the  hi^h  schoob  ud 
60  per  cent  in  the  highest  classes.  In  going  into  the  higher  classes  the  scholar  whf  ii 
already  near-sighted  becomes  more  and  more  so;  and,  furthermore,  new  schokn  aiv 
constantly  being  attacked  with  myopia.  In  the  university  the  condition  of  affain  m 
still  more  unfavorable.  Near-«ight  acquired  as  a  result  of  study  thus  rightly  bean 
the  name  of  ^'school  myopia." 

Continuous  employment  of  the  eyes  upon  fine  work  exerts  the  same  infhien» 
as  do  schools.  Among  lithographers  Oohn  foimd  45  per  cent  and  among  oompoaiton 
51  per  cent  to  be  myopic. 

The  male  and  female  sex  are  equally  predisposed  to  myopia.  It  is  true  that  fever 
near-sighted  women  are  seen  than  near-sighted  men.  This  is  partly  due  to  the  fact 
that  the  course  of  study  among  women  is  shorter;  but  in  part  the  difference  betweea 
the  sexes  which  makes  it  seem  as  though  there  were  but  few  near-sighted  women  ii 
apparent  only,  since  women  are  unwilling  to  do  what  is  unfashionable  and  put  on 
glaisses.  But  whatever  may  be  the  influence  of  sex,  it  is  assumed  that  certain  racai, 
and  chief  among  them  the  Germans,  are  more  predisposed  to  myopia  than  others  are. 

The  great  prevalence  of  near-sight,  particularly  among  the  young  who  are  ei^aged 
in  studies,  has  justly  excited  widespread  anxiety  and  led  to  endeavors  to  put  a  ä/op 
to  the  extension  of  the  evil.  First  of  all,  the  excess  of  work  which  many  scholars  hifv 
at  present  to  struggle  with  should  be  reduced  to  the  proper  standard,  llie  way  in 
which  scholars  are  overtasked,  both  in  school  and  at  home,  is  admitted  by  most,  and 
is  prejudicial  not  only  to  the  eyes,  but  also  to  the  child's  whole  mental  and  physical 
development.  Instruction  ought  not  to  be  begun  too  early  (if  possible,  not  befoiv 
the  completion  of  the  sixth  year),  and  more  time  should  be  allotted  to  bodily  exercise, 
especially  in  the  open  air,  than  has  hitherto  been  the  case.  The  hours  set  apart  for 
this  latter  purpose  should  alternate  suitably  with  the  hours  devoted  to  sedentary 
occupations,  so  as  to  serve  as  a  rest  from  both  mind  work  and  eye  work.  That  amount 
of  work  which  absolutely  has  to  be  done  should  be  done  under  the  most  favorable  con- 
ditions. To  accomplish  this,  special  attention  must  be  paid  to  the  schools,  since  the 
work  done  at  home  is  beyond  our  control.  The  requisites  which  in  many  modem  scboob 
are  already  carried  out  are:  1.  Good  illumination — ^i.  e.,  illumination  of  sufficieot 
strength  and  falling  upon  the  work  in  the  proper  direction;  the  light  should  come 
mainly  from  the  scholar's  left  side.  2.  Well-constructed  seats  and  tables,  which, 
furthermore,  should  be  adapted  to  the  varying  size  of  the  scholars,  so  that  they  may 
not  be  forced  to  adopt  a  bad  attitude  of  the  body.  If,  however,  the  scholars  do  bend 
forward  too  much,  especially  in  writing,  the  use  of  some  straightening  appliance  is 
indicated.  3.  A  proper  method  of  instruction  in  writing  which  will  enable  the  pupil 
to  keep  the  head  and  body  straight  while  writing  (upright  script).  4.  Good  print. 
Books  having  too  fine  print,  and  also  too  fine  fancywork  for  girb,  should  be  banished 
from  schools. 

[A  very  important  means  of  preventing  school  myopia  and  checking  its  advance 
is  the  sjrstematic  examination  of  children  in  the  primary  schods  to  determine  and 
rectify  refractive  errors,  especially  astigmatism  and  myopia,  and  bring  the  sight  as 
nearly  as  can  be  to  the  normal.  As  Prof.  Fuchs  says,  those  children  in  whom  the 
sight  because  of  opacities  in  the  media  or  fimdus  disease  can  not  be  brought  to  the 
normal  should  not  be  allowed  to  take  the  full  course  prescribed  for  others,  and  shoukl 
be  trained  for  some  out-of-door  avocation.  In  a  beginning  near-sightedness,  the 
hygienic  rules  laid  down  by  Prof.  Fuchs  for  myopes  in  general — restriction  of  the 
hours  of  study,  restriction  or  absolute  prohibition  of  study  by  artificial  light,  fre- 
quent intervals  of  rest  for  the  eyeß  during  the  day,  and  insistence  on  out-of-door 
exercise — should  be  followed  out  with  particular  stringency. — D.] 


MYOPIA. 


837 


While  no  one  doubt»  that  near  work  produces  near-sight,  ob»erveri  have  not 
been  able  to  agree  as  lo  liow  it  does  it.  As  regards  this  point  difTerent  theorieä  have 
been  propounded,  each  one  of  wliich  probably  contains  one  or  mure  point*  tlial  are 
corrDt't,  although  none  lä  perfectly  saiiäfactory.  Those  whc»  accuf^e  the  acconuiiodation 
of  l>eing  the  eawie  of  myopm  assert  that  during  accommodation  the  intra-c»culiir  pres- 
sure is  somewhat  elevated.*  If  tfiiH  procf»KH  i»  fre<iyently  repeated,  it  nuiy  lead  to- 
distention  of  tlie  posterior  portion  of  the  sclera  where  it  is  most  yielding.  According 
to  \'on  tlraefe^  infianimatorj^  processes  in  the  chorioid  and  Kclera  (jsclerotico-chorioi- 
difin  ixwterior),  by  which  the  sclera  is  rendered  softer,  are  also  to  be  considered  in  thi» 
connection.  Others  txüie%^  tliat  it  is  not  so  much  the  accommodation  us  the  conver- 
gence tlmt  should  Ik>  made  accountable  for  the  development  of  myopia,  inaämuch  as 
in  convergence  a  pressure  is  exerted  upon  the  eyeball  by  the  external  ocubr  muscles, 
which  leatls  to  its  distention*  It  has  been  supposed  that  either  the  intenia!  and  exter- 
nal recti  which  in  the  act  of  convergence  are  stretched  more  tightly  upon  the  eyeball^ 
or  the  two  obliques  which  surnmnd  the  eyeball,  like  a  sort  of  ntxise,  may  produce  this 
cff«H't  (Stilling).  The  muacles  last  named  are.  furthermore^  so  situated  tliat  they  press 
upttn  the  points  of  exit  of  some  of  the  vena^  vorticoeiE  from  the  eyel>aU»  and  n»ay  thus 
produce  venous  congestion  in  tlie  latter.  Convergence  might,  however,  produce  dis- 
tention of  tlie  posterior  p>le  of  the  eye  in  anotiier  way— namely,  by  the  fuct  that  the 
latter  is  displaced  outward,  and  consequently  is  pulled  upon  by  the  optic  nerve.  This 
action  would  lie  particularly  looked  for  when  the  optic  nerve  is,  relatively  speaking, 
too  short  (Haaner,  Weiss).  Lastly,  some  have  thought  that  diminished  rigidity  of  the 
coats  of  the  eye  la  roeponsible  for  myopia,  it  being  assured  that  there  h  a  eoögenital 
defect  in  development  causing  this  (Schnabel j* 


*  [Thia  is  alinont  cerUinly  erroiieoui  (Hon}. — D.] 


CHAPTER  IV. 
HYPERMETROPIA. 

146.  Far-sight,  hypermetropia*  (^),  is  that  refractive  condition  of 
the  eye  in  which  parallel  rays  falling  upon  the  eye  come  to  a  focus 
behind  the  retina  (at  /,  Fig.  380).  Properly  speaking,  the  rays  do  not 
come  to  a  focus  at  all,  since  the  conical  beam  of  rays  has  its  apex  trun- 
cated by  the  retina,  and  a  diffusion  circle  is  formed  there.  Hyperme- 
tropia  is  the  opposite  of  myopia;  in  the  former  the  apex  of  the  cone 
of  rays  lies  behind  the  retina,  in  the  latter  in  front  of  it. 

What  sort  of  rays,  then,  can  come  to  a  focus,  so  as  to  form  a  distinct 
image  upon  the  retina?  When  we  try  the  experiment  of  bringing  an 
object  from  infinite  distance  closer  to  the  eye,  we  find  that  it  becomes 
more  and  more  indistinct;  for,  the  more  divergent  the  rays  are  when 
they  reach  the  eye,  the  farther  behind  the  retina  will  they  he  when  they 
come  to  a  focus  (thus  in  Fig.  380  the  rays  coming  from  O  come  to  a 
focus  at  /j),  and  hence  the  larger  will  be  the  diffusion  circles.  Accord- 
ingly, the  hypermetropic  eye  can  not,  without  the  exercise  of  accommo- 
dation, see  either  distant  or  near  objects  distinctly.  For  rays  to  come 
to  a  focus  upon  the  retina  of  a  hypermetropic  eye,  they  must  have  a 
certain  degree  of  convergence  as  they  fall  upon  the  eye  (c  c,  Fig.  381). 
How  great  must  this  convergence  be?  To  ascertain  this  we  must  pro- 
long the  rays  until  they  meet.  This  would  occur  at  a  point  (Ä,  Fig. 
381)  situated  behind  the  retina.  The  distance  of  this  point  from  the 
eye  gives  us  the  measure  for  the  degree  of  convergence  that  the  rays 
must  have  for  them  to  meet  upon  the  retina.  This  point  is,  acconi- 
ingly,  the  far  point,  R — i.  e.,  the  point  for  which  the  hyjjermetropic 
eye  is  adjusted  when  in  a  state  of  accommodative  repose.  It  is  at  a 
finite  distance,  just  as  is  the  far  point  in  myopia,  but  is  behind  the  eye 
and  not  in  front  of  it,  as  in  myopia.  The  difference  between  the  two 
consists  in  this,  that  in  myopia  the  rays  that  are  brought  to  a  focus 
by  the  eye  emanate  from  the  far  point,  while  in  hypermetropia  they 
converge  to  the  far  point.  The  far  point  in  hypermetropia,  therefore, 
is  not  a  point  from  which  the  rays  actually  start  or  at  which  they 
actually  unite,  but  is  an  imaginary  point  which  is  simply  adopted  to 
indicate  the  direction  of  the  rays.  We  say,  therefore,  that  the  hyper- 
metropic eye  has  only  a  virtual  far  point,  and  we  designate  it  by  the 
negative  sign:  —  R.^ 

Deterviination  of  HypermHropia, — The  greater  the  hypermetropia, 
the   greater   must   be   the   degree  of  convergence  with  which  the  rays 

1  [From  virtp,  in  excess  of,  fitrpov,  measure,  and  w^  sight.]  Also  called  hyperopia  [from  v««> 
and  w^. 

'  The  points  /  and  /i,  in  Fig.  380,  which  likewise  lie  behind  the  eye,  have  nothing  to  do  with  the 
far  point,  but  are  simply  the  foci  for  parallel  or  divergent  rays  incident  upon  the  hypmnetropie  eye. 

838 


HYPERMETROPIA. 


839 


impinge  upon  the  eye  if  they  B,te  to  unite  upon  its  retina,  and  the 
nearer,  therefore,  to  the  posterior  pole  of  the  eye  will  be  the  point  where 
these  rays  intersect  each  other,  if  they  are  supposed  to  be  prolonged 
without  undergoing  refraction.  Now  this  point  where  they  thus  inter- 
sect is  the  far  point.  The  degree  of  hypermetropia  is  determined, 
therefore,  just  like  the  degree  of  myopia,  by  the  distance  of  the  far 
point  from  the  eye;  in  both  cases  the  error  of  refraction  is  the  greater 
the  nearer  the  far  point  is  to  the  eye.    The  only  difference  is  that  in 
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Fioft.  380  to  382. — Path  of  the  Rays  in  a  Hypermetropic  Ete. 


myopia  the  far  point  lies  in  front  of  the  eye,  and  in  hypermetropia 
behind  it.  For  this  reason  the  distance  of  the  far  point  can  not  in 
hypermetropia  be  measured  directly  as  it  can  in  myopia.  We  are  forced 
to  determine  it  indirectly  by  means  of  the  test  with  glasses.  In  doing 
this  we  start  as  in  correcting^  myopia  with  the  attempt  to  refract 
parallel  rays  by  means  of  the  lens  in  such  a  way  that  they  shall  come 
to  a  focus  upon  the  retina.  Obviously  a  convex  lens  is  required  for 
this  purpose,  since  this  alone  is  able  to  render  parallel  rays  convergent. 
If  the  far  point  of  the  hypermetropic  eye  lies  at  —  50  cm.  (ß,  Fig.  382), 
we  would  have  to  take  a  lens  of  50  cm.  focal  length  (=  2  D).  Paral- 
lel rays  (oo    oo,  Fig.  382)  falling  upon  the  lens  will  be  so  refracted  by 
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the  latter  as  to  converge  toward  its  focus,  which  lies  50  cm.  behind  the 
eye — i.  e.,  at  the  same  spot  as  the  far  point.  These  rays  will  therefore 
be  brought  to  a  focus  upon  the  retina.  In  this  discussion,  for  the  suke 
of  simplicity,  the  distance  of  the  glass  from  the  eye  has  been  neglected. 

As  the  same  thing  can  be  proved  for  hypermetropia  of  any  other 
degree,  the  following  statement  may  be  enunciated  as  a  general  Uv: 
To  see  distinctly  at  infinite  distance  the  hypermetropic  eye  requir» 
that  convex  glass  whose  focal  length  is  equal  to  the  distance  of  the  fir 
point  from  the  eye.  Accordingly,  the  glass  that  corrects  the  hypermt- 
tropia  gives  through  its  focal  length  both  the  position  of  the  far  point 
and  the  degree  of  the  hypermetropia.  We  express  the  latter  by  the 
number  of  dioptrics  which  the  correcting  glass  represents;  and  hence 
say  a  hypermetropia  of  2  D,  not  a  hypermetropia  with  far  point  at  50  cm. 

While  it  was  said  above  that  hypermetropes  can  see  neither  distant 
nor  near  objects  distinctly,  this  statement  holds  good  only  when  no 
accommodation  is  made;  for  by  means  of  his  accommodation  the  h^-per- 
metrope  is  able  to  increase  the  refractive  power  of  his  eye  precisely  as 
if  a  convex  glass  had  been  placed  in  front  of  it;  he  can  correct  his  hyper- 
metropia by  accommodation.  This  fact  renders  the  exact  determination 
of  hypermetropia  difficult.  If  we  examine  the  same  individual  at 
different  times  for  hypermetropia,  we  find  that  it  is  not  always  of  the 
same  degree.  For  example,  it  may  happen  that  in  a  young  hypermetrope 
the  hypermetropia  to-day  is  found  to  be  1.5  D,  a  little  while  after  1  D. 
and  to-morrow  perhaps  2  D.  Which  of  these  findings  is  the  correct  one? 
If  we  instill  atropine  several  times,  and  again  make  the  examination,  ve 
now  find  the  hypermetropia  to  be  constantly  the  same  but  consideraUv 
higher  than  before — e.  g.,  4  D. 

The  only  possible  reason  for  the  fact  that  the  hypermetropia  as 
determined  by  us  before  atropinization  was  too  low  is  that  a  part  of  this 
hypermetropia  is  concealed  all  the  time  by  the  accommodation.  The 
hypermetrope  is  so  accustomed  to  accommodate  that  he  is  unable  to 
relax  his  accommodation  completely  even  when  convex  glasses  are 
placed  in  front  of  the  eye,  which  render  his  accommodation  superfluous, 
or  even  a  disadvantage.  Thus,  with  a  glass  which  completely  corrects 
his  hypermetropia,  the  hypermetrope  sees  at  a  distance  no  less  badly, 
and  as  a  general  thing  much  worse  than  with  his  naked  eye.  If  ire 
begin  by  placing  very  weak  convex  glasses  before  his  eyes  and  thee 
gradually  use  stronger  and  stronger  ones,  he  will  indeed  keep  on  relax- 
ing his  accommodation,  but  only  up  to  a  certain  point;  he  always 
retains  a  reserve  of  accommodation  which  he  is  unable  to  give  up.  With 
the  glass  thus  found,  combined  with  the  residuum  of  accommodation. 
he  corrects  his  hypermetropia  and  sees  distinctly.  If  still  stronger 
glasses  are  placed  l>efore  the  eye,  these  combined  with  his  residuum  of 
accommodation  produce  an  over-correction  of  his  hyj>ermetropia,  and 
vision  will  once  more  become  indistinct.  When,  then,  we  determine 
the  glass  with  which  the  hypermetrope  sees  most  distinctly,  this  does 
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not  give  us  the  entire  hypermetropia,  but  only  that  portion  of  it  which 
has  been  «et  free  by  the  relaxation  of  the  accomniodation.  This  is 
railed  tiie  7nanifesi  hypermetropia  (Hm).  The  remaining  portion  which 
is  concealed  by  the  aeconmiodation  ali  the  time  iö  the  latent  hyf^erme- 
tropia  {HI),  Both  together  constitute  the  kdal  hypermetropia  (Ht) 
— i,  e.,  Hi  =^Hm  +  HL  In  the  example  adduced  above.  Hm  ^  1  to  2  1), 
m  =  4  D.  and  hence  ///  =^  2  to  3  D. 

The  ratio  of  Hm  to  Ht  depends  upon  the  range  of  accommodation, 
and  hence  chiefly  upon  the  age.  In  vouth,  when  the  range  \s  large, 
upvvard  of  half  of  the  total  hypermetropia  ia_lnient.  1  he^jlder  a  man 
growj^tlie  more_the  munjlcsi  nypcrmetrui>ia  incrca^scs  at  tiie  expensg'of 
that  wliicti  IS  latent,  uniil  in  nhl  atre  Hm  ^  Hi.  Hence,  when  we  test 
an  old  man  with  convex  ghisBes,  we  find  the  whole  hypermetropia  at 
once;  but  in  persons  who  still  possess  the  power  of  accommodation,  a 
determination  of  the  total  hypermetropia  is  possible  only  after  paralyz- 
ing the  accommodation  with  atropine.^ 

In  practice  we  generally  abstain  from  determining  the  total  hyper- 
metropia, because  atropinization  is  accompanied  by  effects  which  are 
disagreeable  to  the  patient  and  which  hist  several  days.^  We  ascertain 
»imply  the  manifest  hypermetropia  from  which»  when  we  know  the  age 
of  the  subject,  a  conclusion  can  be  drawn  as  to  the  total  hyi>ermetropia. 
However,  that  we  may  come  as  near  as  possible  to  the  true  value  of  the 
hypermetropia,  we  try  to  get  the  patient  to  relax  his  accommodation  all 
that  he  can.     For  this  purjmse  we  proceed  as  follows: 

We  place  before  the  eye^^  of  the  patient,  who  U  stationed  at  a  distance 
of  6  (or  5)  nieireR  from  the  test  card^  corwex  gioisseSf  passing  very  gradu-- 
ally  from  weaker  to  stronger  ones,  \tntil  the  best  possible  rision  has  been 
obtained.  The  strongest  convex  (jlass  mth  which  this  occurs  g^ives  the 
ma  nife  st  hyper  met  ro  pia  } 

It  very  often  happens  that  a  hvpermetrope  lias  perfect  vision  with 
the  nake3"eye,  because  lie  corrects  his  ctuire  hvrH^rinctrnpia  by  meami 
of  the  accommodation.  In  tins  case  it  Is  obviously  imjx^ssible  to  im- 
prove his  visual  ac"uity  with  convex  glasses.  For  a  case  of  this  sort  the 
statement  made  above  may  be  expressed  as  follows:  The  degree  of 
manifest  hypermetropia  is  determined  by  the  strongest  convex  glass 
with  whick  the  jmlienl  is  still  able  to  see  as  well  as  teilh  the  naked  eye,^ 
The  fact  that  any  one  sees  as  well  at  a  distance  with  a  convex  glass  as 
with  the  naked  eye  is  of  itself  enough  to  prove  the  existence  of  hyper- 
metropia» since  the  emmetrope  and  still  more  the  myope  sees  worse 
with  even  weak  convex  glasses:   for.  while  concave  glasses  can  be  over- 

^tThe^e  ^«tatifin^nt»  require  conpiderablp  quftUüc&Uon.  I  have  rfp^atedly  »peniili:3i)«rmc>tTOpia  of 
2  and  evefi  3  D  latent  m  perwuiis  of  between  fofty-five  Btid  fifty,  »nd  it  i*  just  in  p«<»ple  ovrr  forty 
th»t  1  have  had  th«' «reutest  (lifEcultv  in  getting  the  accomrntxlfttion  to  relax.  On  th«  other  hand 
many  a  younff  hyperinetrope  will  relajt  hi«  aecoinmcidiitiöii  readily  bo  that  rtearly  or  quit«  all  hi*^ 
hypermelropia  heromes  inanifeÄt, — DJ 

*  lSf»e,  however.  5  H9  B,  pmge  SÄÖj 

*  [If  the  aecnmrnrHJation  i-*  completely  paralyied,  the  lule  ib  the  re^erB«  of  that  «riven — ^i.  e.,  the 
^fttk^H  rirtivex  gla»  with  which  a  patietit  ^\m  majtinrtum  virion  in  the  iiMäurur«  of  the  nyp«ttnetro|>ia. 

*  [Or,  »i«  we  tiay,  *'the  »troDft«»C  glaaa  that  the  pmtieot  aeoeptii.  *'— DJ 
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come  by  a  suitable  effort  of  accommodation,  t 
bating  the  effect  of  a  convex  glass,  since  the  cr 
made  flatter  than  it  is  already  when  in  the  state  o 

In  the  case  of  hypermetropia,  even  more 
it  is  necessary  to  confirrti  the  results  of  the  si 
objective  determination.  It  is  only  exceptiona 
at  the  true  amount  of  hypermetropia  by  the  fo 
the  objective  test  the  total  hypermetropia  is  U£ 
modation  being  entirely  relaxed  during  the  ex£ 
thalmoscope.^ 

Causes  of  Hypermetropia. — The  condition 
metropia,  in  which  parallel  incident  rays  are  br 
the  retina,  may  in  general  be  produced  by  two 

1.  The  refractive  power  of  the  media  is  lessc 
are  not  rendered  sufficiently  convergent  to  cor 
retina,  although  the  latter  is  in  the  same  situat: 
{refractive  hypermetropia).  The  cornea  may  be  1 
this  state  of  things — e.  g.,  when  congenitally  it 
when  it  is  flattened  by  cicatrices.  In  the  latte 
considerable  degree  of  astigmatism  as  well.  The 
metropia  when  it  loses  some  of  its  refractive  p 
hypermetropia  is  produced  when  the  lens  disapj 
area,  either  from  being  luxated  or  because  it 
the  eye  altogether  (aphakia)  [see  page  910].  Ii 
not  only  hypermetropic,  but  also  loses  its  power 

A  diminution  in  refractive  power  also  takes 
so  that  the  emmetropic  eye  becomes  moderately  1: 
Similarly  the  hypermetropic  eye  gets  to  be  still  i 
the  myopic  eye  less  myopic — ^in  fact  small  dej 
may  disappear  in  this  way  altogether.  The  ca 
metropia  is  still  a  matter  of  dispute. 

2.  Hypermetropia  also  develops  when  the 
eye  is  normal,  but  the  retina  lies  too  far  forwai 
This  may  be  produced  by  a  protrusion  of  the  i 
of  tumors.  But  the  most  ordinary  cause  of  a3 
abnormal  shortness  of  the  entiye  eve,  so  that 
constituXes  the  opposite  to  typjnAi  mvopiR.  whic 
mally  great  length  oj  the  eyebajj. 

Typical  Hypermetropic 

147.  Symptoms. — Hypermetropes  would  ha 
for  distance  and  near  points  if  they  possessed 
hypermetropes,    therefore,   this   latter  plays  a 
part.     The  hypermetrope,   in  fact,  must — in 


'[To  this  rule,  again,  there  are  many  e: 
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emmetrope  or  myope — accommodate  even  wh^n  lookhig  at  a  diHlunce, 
as  in  order  to  see  distinctly  he  must  correct  his  hypermetropia  by  means 
of  his  accommodation.  Whether  this  is  pns.sibk^  or  not  depends  upon 
whether  the  accommodation  when  cofiipared  with  the  amount  of  hyper- 
metropia  is  pc»werful  enough  to  bring  the  near  ptant  wnthin  infinite 
distance  (Fig.  383  A).  If  this  is  not  the  case^  and  the  near  point  lies 
behind  thi'  eye,  it  is  impossible  for  the  hypernietrope  to  see  distinctly  at 
a  distance  without  a  glass  (nhmiuli'  hypermdropta).  If  the  near  point 
lies  within  infinity,  distinct  vision  for  distance  can  be  attained  by  an 
appropriate  output  of  the  accommodation  (facuUaUve  hyjK'rmetropia), 

The  extent  to  which  h>7>ermetropia  can  be  concealed  by  accommo- 
dation ilepentliS  not  (jnly  ujxm  the  dej^jee  of  the  hypermetropia,  hut  also 
upon  ttie  strength  of  the  acc<jmmcHiation.  But  thiö  tatter  changes  with 
age,  4Üminishing  steadily  with  advancing  years,  and  in  okl  age  becoming 
equal  to  zero.  Every  variety  of  hypernietropia,  therefore,  even  the 
sHghtest,    becomes    alisolute    in    advance<i    age.  [But  see  Fig.  372) 

WhiU^  the  hyptTuietrope  neeils  accommoilation  even  for  distant 
vision,  this  is  nmcli  more  the  C£ise  for  seeing  near  by.  The  amplitude  of 
accommodation,  -4,  of  the  hypermetrope  is  the  same  as  that  of  the  emme- 
trope  and  myoide.  To  \)e  sure,  the  near  point  in  hypermet ropes  lies  farther 
off  from  the  eye,  but  this  is  simply  because  a  part  of  .4  is  employed  in 
the  correction  of  hypermetropia,  and  only  the  remainder  is  left  to  etTect 
the  ailjustment  for  shorter  distances.  For  the  same  reason  the  hyfH^r- 
metrope  requires  for  a  certain  working  distance  more  accommodation 
than  the  emmet  rope,  the  excess,  in  fact,  co^r(^'^ponding  precisely  to  the 
amount  of  the  hypermetropia.  Let^us  assume  that  work  has  to  be  done 
at  a  1 1  ist  a  lice  of  3^j_  cm ,  For  this  pnrpijsc-  Itie  emnu-trotie  must,  usf^  an 
aecomnuHiatiön  of  ?J>.  A  h>yfnietnipe  wjth  //  ^  4  1)  also  ust^s  thr  same 
amouiiT  t>f  aecomnmiation ;  out  TieTnu.st  <'Tnt>Ioy  4  D  more  to  cüuceal 
h i:S^liypennelnmia.  Hfl  fflat  altogether  he  must  make  an  ar(-nninj<xlative 
elTurt  ol  7  1)  (rig.  383  A).  Now,  as  his  range  of  acconmuxiation  is  no 
greater  tlum  Hiat  ot  an  emmetrope,  this  great  amount  of  accomnujdation 
causes  him  proj)ortionaüy  more  trouble.  He  may  be  said  txj  be  always 
dragging  about  with  him  a  deficit  in  his  aecommodati<>n,  namely,  the 
quota  of  the  hitter  necessary  for  the  correction  of  the  hvpermetropia — a 
deficit  which  causes  him  to  tire  quickly  whtni  doing  near  work  (asthenopia). 
At  first,  \ision  near  by  is  distinct  and  the  work  goes  on  w^ell;  but  after  a 
little  wdiile  the  objects,  print,  near  work,  etc.,  begin  to  grow  indistmct 
and  are  blurred  as  though  envelopeil  in  a  slight  iiaze.  This  is  owing  to 
the  fact  that  the  over-strained  accommodation  feives  way»  and  the  eye 
tlu^n  ceases  to  \)v  properly  focused.  A  short  p^^riod  of  rest,  during  which 
the  eyes  look  at  distant  olvjects  or  are  kept  closed,  enal>les  them  to  con- 
timie  the  work.  But  the  same  obscuration  soon  sets  in  again  and  compels 
another  pause.  These  perit>ds  of  (enforced  rest  are  the  more  fre(piently 
repeatrd  and  are  of  greater  duration  the  longer  the  work  is  kept  up.  With 
them  are  associated  pain  in  the  eyes,  and  more  especially  pain  in  the  fore- 
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head  and  headaches.  The  sjTnptoms  just  desci 
appearance  only  after  quite  prolonged  work — ^i. 
afterward  they  keep  coming  on  earlier  and  earliei 
work  has  to  be  set  aside  after  even  a  short  period 
a  prolonged  rest — for  example,  after  the  repose  c 
work  aside  for  several  weeks — ^the  symptoms  p 
number  of  days  in  succession,  but  only  to  appe 
and  in  an  even  more  aggravated  fashion.  Thej» 
exliaustipn  of  the  ciliary  muscle,  and  are  hence  a 
of  asthenopia  accommodaiw^  to  distinguish  thei 
culoijs  (see  page  ^28),  and  asthenopia  nervosa  (S( 

The  injurious  effect  of  hypermetropia  upc 
furthermore  ^ncts  e}q)ression  in  the  fact  that  i 
that!  m  emmetropic  eyes.  At  the  same  age — i. 
of  accommoaation — ine  near  point  of  the  hypema 
from  the  eye  than  is  that  of  the  emmetrope.  Ir 
forty  years  with  a  range  of  accommodation  of  5 
^5=20).  A  hypermetrope  having  a  hypermetn 
same  age  and  with  the  same  range  of  accommodi 
at  33  cm.  (corresponding  to  3  D),  since  he  has  t< 
aceonunodation  for  correcting  his  hypermetropia 
therefore,  would  be  already  on  the  threshold  of 
forty,  i.  e.,  almost  ten  years  earlier  than  an  emm 

The  shortness  of  the  eyeball,  which  is  the 
is  congenital.  Almost  all  newborn  children  are  1: 
being  originally  constructed  too  short  in  prop 
power  of  the  media.  As  the  child  grows,  the  i 
portion,  so  that  they  acquire  their  requisite  a 
emmetropic — indeed,  the  elongation  may  even 
and  pass  into  myopia.  On  the  other  hand,  the  el 
fail  to  take  place  to  a  sufficient  degree,  so  that  a  < 
metropia  remains  during  the  whole  life.  This 
tropia  of  which  we  are  speaking.  SUght  degrees  < 
hypermetropia  must  be  regarded  as  the  most  f; 
Inking  indeed  [much]  more  frequent  than  emmet 
grtes  of  hypermetropia,  on  the  other  hand,  are  ] 
in  fact,  than  the  high  degrees  of  myopia.  They  c 
by  external  examination  of  the  eye,  which  shows 
tinctly  diminished  in  size,  and  that  the  anteric 
antl  the  pupil  more  contracted  than  usual.  If  i\ 
iiiwiird,  we  see  that  the  equatorial  region  of  the 
view  in  the  outer  part  of  the  palpebral  fissure, 
sharp  curve  as  it  turns  backward,  and  thus  gives  i 
of  the  axis  of  the  eyeball.  The  ophthalmoscope 
of  the  eye  is  sound.  The  hypermetropic  eye,  ace 
defi  ctive  but  otherwise  healthy  eye,  as  opposed  t 
is  diseased,  and  is  hence  threatened  by  dangers  o 
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In  the  extreme  degrees  of  huDermeiropia.  however,  the  eye  is  no  longpr 
normal  as  a  whole.  It  18  ahnornially  small  rven  from  the  time  of  birth 
(slight  degree  of  niicrophthalmus),  amt  many  of  thei^e  eyes  show  otixer 
signs  of  iiisordereci  (levelopment,  such  as  a  strikinj^ly  small  cornea,  marked 
astigmat'^^m,  dencient  vism^  acuity  di^to  incomplete  formation  of  tjie 
retina,  and  utlier  congenital  anomalies. 

Hyi)ermetropia  does  not  change  in  its  amount  [materially  after 
childhood];  it  remains  siaiionary.  It  is  true  that  to  the  laity  it  appears 
as  if  it  increasetl  w\th  years,  because  vision  at  near  points  becomes  steadilv 
worse:  but  this  is  not  due  to  an  increase  in  the  error  of  refraction,  but  to 
a  diminution  in  the  power  of  accommodation,  the  result  of  wliich  is  that 
less  and  less  of  the  hyp**rmetropia  is  concealed  all  the  time. 

Treatment.— Tliere  is  no  way  of  curing  hypermetropia — i,  e,,  of 
transforming  it  into  emmetropia.  All  that  we  can  do  is  to  make  \ision 
distinct  by  means  of  property  selected  glasses,  and  enable  it  to  be  per- 
formed without  asthenopia. 

Wfien  tlie  hypernietropia  is  not  great  and  the  ranja^e  of  accommoda- 
t  i on  is  good,  glasses  For  ihstant  vision  ^re  fiot  as  "a  generaLttnng  rec^urred , 
In  t he  coivtrary  events  ci>nvex  glasses  are  given  which  correct  the  mmifest 
liypermetrtjpia. 

Of  more  importance  than  the  glasses  for  distance  are  those  for  near 
points  or  for  working.  A  priori  it  would  seem  best  to  have  the  hyper- 
metrope  start  at  once  by  wearing  that  glass  which  corrects  the  total 
li^^permetropia  and  so  convert  him  into  an  enunetroiie;  luit  in  most  cases 
this  would  not  lie  borne,  oiling  tn  the  tendency'  that  he  has  to  render  his 
hypermetropia  partly  latent  by  his  accommodation  ;  he  would  soon  quite 
forget  altrogether  how  tj  correct  his  hypermetropia  by  his  accommodation 
in  case  of  necessity.  We  thfTefore  confine  ourselves  t-o  correcting  the 
hvnermetropia  by  glaHsesjonly  as  far  as  is  required  to  relieve  the  as!  )ii^tiopia. 
For  this  purpose  it  is  Eenerariy  .sufficn^t  to  give  for  working  nuny>ses  a 
glass  which  is  somewhat  strongcT  than  the  manifest  hyt)ermetro^a> 
I niismuch  as  the  latter  Tncreases  with  the  age,  the  hypernH4rope  must 
keep  on  getting  stronger  and  stronger  glasses.  It  is  only  when  he  ha.s 
reached  an  age  at  which  his  range  of  accommodation  =  0  [or  at  leas!  has 
reached  its  minimum],  and  hence  his  whole  hypermetropia  has  become 
manifest ♦  that  he  can  keep  on  using  the  same  glasses. 

Fj^ilcgmjgjion  4 if  the  tf^tiil  hypermefrfipJR.  and  constant  wearing 
of  the  ghis^i'^  for  di^tant^e  and  near,  are  indicated  only  in  those  cases  in 
whi ch^we  hjive  in  rami  mi  a  str^ihismus  cuovergens  whicli  has  ileveloped 
in  consequence  of  hj^permetropia.  In  this  case  w^e  must  sometimes  first 
paralyze  the  accommodation  with  atropine  in  order  to  have  the  correct- 
ing glass  tolerated.'' 

Formerly  presbyopia  and  hj7>crmetropia  were  confounded  with  each  other.  People 
saw  a  hypemietropie  boy,  whose  eyes  soon  grew  tirefl  in  studying,  finally  take  up  hia 
grandfathet  -  :  1  r- i-i  and  then  read  well  with  them  and  without  becoming  tired.    Thia 


*  [VvT  tbia 


nhoto  queition  of  elaoar^  Id  hypermetropift,  see  alin  [mce  Sßl. — D.l 
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boy,  they  reasoned,  must  have  the  same  sort  of  weakness 
father  has,  only  that  with  him  it  has  already  set  in  in  youth, 
This  '^hebetudo  visus''  was  attributed  to  a  weakness  of  tb 
that  it  might  possibly  go  on  to  blindness.  The  only  thin 
orated  the  sufferings  of  the  hypermetrope — namely,  the  i 
be  particularly  dangerous. 

Donders  deserves  the  great  credit  of  having  discovei 
oonditions.    The  weak  sight  of  the  old  man  is  presbyopia  \ 
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383. — Region  of  Accommodation  of  the  Etb  of  a  Man  2 
Htpermbtropia  of  4  D  and  a  Ranqb  of  Accomm< 

Ä.  If  the  accommodation  is  completely  at  rest,  the  eye  is  ad 
Ilea  25  rm.  behind  the  eve.  With  an  expenditure  of  accommodation 
which  the  eye  is  adjusted  shifts  to  a  distance  of  50  cm.  behind  the  ey( 
ikin  of  this  eve  amounted  to  no  more  than  2  D,  the  near  point  of  the 
M^  Noiej .  There  would  t  hen  be  an  absolute  hypermetropia.  i.  e..  the  ey 
la  the  distance.  It  is  only  by  an  expenditure  of  4  D  of  accommodati 
Afiite  distance  (facultative  hvpermetropia).  By  further  exertion  of 
which  the  eye  is  adjusted  shifts  from  innnitv  to  a  finite  distance  from 
of  7  D  of  accommodation  to  33  cm.  and  with  an  expenditure  of  9  D  ol 
tborefore,  represents  the  near^oint,  P,  when  i4  —  9  D.  To  produce  ai 
ditur«  of  7  D  of  accommodation  is  required,  so  that  of  the  total  rani 
l<>rt  for  the  positive  portion  of  the  range,  while  7  D  are  already  put 
tie£iLÜve  portion  of  the  raose.    In  this  case,  therefore,  continuous  wo 

B.  Displacement  of  the  region  of  accommodation  by  a  correc 
now  Jie^  at  inftniie  diltance,  the  near  point  at  11  cm.,  as  in  the  case  ol 
For  a  «rorking  distance  o(  S-i  cm.,  3  D  of  accommodation  are  requirt 
tlui  range  amouois  to  G  O.  the  negative  to  3  D. 


comjiiodcdion.  It  is,  however,  not  an  anomaly  of  accomn 
state-  The  boy's  bad  sight  depends  upon  hypermetropi 
with  the  accommodation,  but  is  an  error  of  refraction  that 
diiatitute  of  accommodation.  The  similarity  of  the  two  c( 
one  aymptom  in  common — namely,  impairment  of  visioi 
even  in  this  regard  there  is  an  essential  difference  betwe 
diüdnct  vision  inside  of  a  certain  distance  is  simply  imi 
dbtincb  vision  at  near  points  is  generally  still  possible  (if 
bf  grtmt  enough),  but  is  associated  with  straining  and  tiring 
Bonders  also  has  shown  that  the  asthenopia  of  hyp 
torn  of  a  serious  lesion  of  the  eye,  but  is  an  evidence  of 
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favorable  optical  conditions.  By  the  correction  of  these  conditions  with  siropjle  optical 
devices^  a  countless  number  of  men  have  sinee  thus  discovery  been  rendered  onoe  more 
capable  of  work  and  havi'  been  freed  from  the  tlread  of  growing  blind. 

Myopia  ia  a  state  which  is  the  direct  op|)oaile  of  hypermptropiu»  and  yet  there  are 
cases  in  which  these  two  condition's  might  be  ronfoundetl  with  eaeh  other.  When 
the  hypemielropia  has  attained  a  very  high  degree,  even  the  strongest  effort  of  accom- 
modation proves  insufficient  for  rendering  the  vision  at  near  points  distinct.  Then 
the  hypermetrope  gives  up  altogether  the  attempt  to  focus  his  eye  for  near  points  and 
holds  the  object  as  close  as  possible  so  as  to  get  large  retinal  images,  just  as  amblyopto 
patientuS  do  (see  page  807).  In  this  way  very  small  print  is  often  read  well  at  a  distance 
of  11  few  centimetres,  and,  as  at  the  same  time  fiistant  viision  is  pretty  bad,  such  a  condi- 
tion may  easily  be  regarrled  as  myopia.  Examination  with  glasses  and  with  the  oph- 
tbalmoscope,  howevc^r^  will  at  once  rectify  the  diagnosis. 

Tlie  difference  in  the  capacity  of  the  emmetropic,  the  myopic,,  and  the  hyjjer- 
metropic  eye  for  close  work  is  explained  by  the  difTerence  in  the  position  of  their  region 
of  accomjmidatwn  (see  page  S13).  In  emmetrtJpia  it  has  its  nonnal  position,  in  myopia 
it  is  carried  Inward  (3,  Fig,  368),  and  in  hyi^ermctropia  it  is  displacfxl  outward.  For 
example,  suppose  tliat  an  emmetrope  twenty-three  years  old  has  a  range  of  accommo- 
dation of  9  D.  His  region  of  accommodation  then  extends  from  oo  to  a  point  1 1  cm, 
from  the  eye  where  his  near  point  is  situated.  Let  us  compare  with  this  an  eye  having 
the  same  range  of  accommodation  but  with  a  total  hypermetropia  of  4  D,  In  this  ease 
H  lie-s  25  cm.  (100-^4  =25J  belünd  the  eye  (Fig.  383  A).  To  change  its  adjustment  from 
this  far  jxjint  t-o  infinity,  the  eye  must  employ  4  D  of  its  accommodation.  Hence,  out 
of  its  whole  range  of  accommodation  of  9  D  the  eye  has  only  5  D  left,  and  by  means 
of  this  it  is  enabled  to  approach  to  within  20  cm,  of  the  objec^t.  This  dislance,  there- 
fore! is  the  near  point  (P)  of  the  eye.  Hence  the  region  of  accommodation  of  the  latter 
is  displaced  in  comparison  with  that  of  an  emmetropic  eye  having  the  same  range, 
and  in  such  a  way  tliat  the  near  point  is  made  to  recede  9  cm.  farther  away  (from  1 1  to 
20  cm.),  while  at  its  other  end  a  part  of  the  region  of  accommoflation  is  made  to  Ue  be- 
hind the  eye.  But  as  this  latter  portion  can  not  be  utilized^  and,  on  the  other  hand, 
the  recession  of  the  near  point  hinders  the  vision  of  objects  close  by,  the  displacement 
of  the  region  of  accommodation  is  unfavorable  to  the  availability  of  the  eye  for  work- 
ing purposes. 

The  use  of  a  convex  glass  dtMüs  not  indeed  enlarge  the  region  of  accommodationj 
but  it  nevertheless  removes  the  accommodative  troubles,  since  ii  brings  the  re^on  of 
acconunodation  int^i  a  more  avmlable  position— it  now,  in  fact,  lying  entirely  in  front 
of  the  eye  (Fig.  383  B). 

The  calculation  of  the  range  of  accommodation  in  hypermetropia  is  made  ac- 
cording to  the  same  rules  as  in  emmetropia.  P  can  be  found  directly,  H  is  determined 
by  the  cxjnvex  glass  wliich  corrects  the  error.  Ä—F  —  R;  hence  in  the  example  Selectol^ 
j4=5D  — (— 4D)=9D,  H  must  be  taken  as  a  negative  because  it  Ues  behind  theeye^ 
i.  e.p  represents  a  deficiency  in  refractive  power  (page  825  Note). 

The  approximate  position  of  R^  and  consequently  the  Ht^  can  be  estimated  from 
the  position  of  P,  it  ^>eing  presupposed  that  we  know  the  age  and  hence  the  rang**  of 
accommodation  of  the  subject.  Since  A  =  P  —  ft,  R=F  —  A.  If  in  the  above  example 
P  had  l>een  found  to  be  5  D,  and  for  the  age  of  twentv-three  A  is  aasumed  to  be  9  D, 
we  would  have  Ä  =  5  D-9  D=  -4  D,    Hence,  Hl^iD, 


CHAPTER  V. 

ASTIGMATISM. 

148.  By  astigmatism*  (As)  we  understam 
tion  of  the  eye  in  which  parallel  rays  falling  i 
any  spot  brought  to  a  common  focus.  This  is  t" 
ture  of  the  refracting  media  is  irregular.  We  < 
astigmatism:   regular  and  irregular. 


(a)  Regular  Astigmatism 

Thii^  is  present  when  the  curvature  of  the  i 
lar  in  each  meridian  considered  by  itself,  but 
are  distinguished  from  each  other  by  diflFeren 
ordinary  site  of  regular  astigmatism  is  in  the  c< 
V  h  i\  /tj  represent  the  circumference  of  the  con 
meridian,  which  has  a  curvature  such  that  the 
come  to  a  focus  at  /.  In  the  meridian  immediat 
ture  becomes  a  little  greater,  and  in  the  succeedi 
still  more,  so  that  it  reaches  its  maximum  value 
ian,  h  h^.  The  rays  passing  through  the  latter  ni 
sect  at  a  point  as  near  as  f^.  In  this  case  we  v 
{the  horizontal  one)  which  refracts  rays  most  st 
dieular  to  it  (the  vertical  meridian)  which  ref 
corresponding  to  these  are  the  most  anterior  son 
These  two  meridians  thus  distinguished  from  the 
pal  meridians;  those  meridians  lying  between  1 
mediate  stages  of  curvature  and  refractive  po\ 
the  refracting  surface  is  of  this  character  there  ig 
alt  the  rays  passing  through  the  surface  will  unit 
cmt  by  such  a  surface  upon  a  receptive  screen 
but  a  diffusion  circle.  In  reality,  however,  the 
have  a  circular  shape.  On  the  contrary,  its  shap 
where  the  retina  is  situated  and  cuts  the  conicj 
assume  that  the  retina  is  at  the  point  marked  1 
through  the  horizontal  meridian  are  already 
than  those  incident  upon  the  vertical  meridia: 
the  cone  of  rays  is  an  erect  ellipse.  At  2,  where  1 
meridiao  come  exactly  to  a  focus,  the  image  o 
line.  In  the  same  way  the  shape  of  the  cross  se 
tJie  shape  of  the  diffusion  image  of  the  point — ci 

iFmm  a,  privative,  and  irriyfia  point.  [Called  also  tutigmia.- 
■Tht-  representatioD  of  difTusion  images  given  in  the  fifture 
m»ti*Ly  rurrLRt,  and  that  for' the  following  reason.  In  a  cylindncal 
14  perpcnrlti'ular  to  the  axis  is  the  only  one  that  has  a  spherical  curvi 
eti^diatD  mrridiaoa  is  not  spherical  but  elliptical,  for  which  reason  th 
not  brDU(Elit  to  a  focus  at  all.  [The  idoa  here  is  that,  while  the  m 
a  hphrrlcHi  convex  lens,  the  astigmatic  cornea  is  such  a  lens  with  a  c 
tiQO  it»U  19  not  quite  precise,  yet  serves  to  show  how  an  astigmati 
an  em  met  rope  wearing  a  convex  sphere  and  a  hypermetrope  like  an  en 
(pAg«  ä2G     Kote),  so  an  astigmatic  sees  like  an  emmetrope  wearing  a 
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more  post-eriorly  situated  points  from  3  to  7.  This  cross  section  is  some* 
tiino8  an  erert  or  horizontal  ellipse,  sometimes  a  vertical  or  horizontal 
line,  according  as  it  is  more  or  less  tlistaut  from  the  refracting  surface. 
It  is  only  at  4  that  there  is  rcully  a  ditTusino  circle,  because  here  the  rays 
passing  through  the  horizontal  meridian  diverge  to  the  same  extent 
that  those  of  the  vertical  nieridian  converge. 

The  viiiion  of  an  astigmatic  jierson  is  not  simply  indistinct»  like  that 
of  one  who  is  near-sighted  or  far-sighted,  liut  presents  special  peculiari- 
ties on  account  of  the  elongated  form  of  the  diffusion  itnages.  Circular 
surfaces— e.  g.,  the  full  moon — appear  ellipticah     Straight  lines  some- 
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Fio,  384. — RuFHAc-noK  or  the  Ratb  is   Regular  AftTinnArtsM. 


times  look  distinct,  sometimes  indistinct,  according  to  the  direction 
that  they  take.  Let  us  assume  that  we  have  befc^re  us  an  astigmatic 
who  sees  the  <riffusion  image  of  a  point  under  the  form  of  a  vertical 
hne  (2|  Fig.  3.S4),  If  this  man  looks  at  two  lines  standing  jierpendicular 
to  each  other  (Fig.  385  A)  the  horizontal  line  appears  broadened  and 
indistinct  but  the  vertical  line  seems  sharply  defined.  For^  we  may 
imagine  these  two  lines  to  l>e  coniposed  of  an  infinite  numl>er  of  points. 
Each  one  of  these  points  appears  upon  the  retina  of  the  astigmatic 
patient  under  the  form  of  a  short  vertical  stroke,  and  the  horizontal  line 
therefore  apyjears  under  the  form  of  a  series  of  such  vertical  strokes, 
which  coalesce  and  constitute  a  band  of  a  certain  degree  of  breadth 
(Fig.  385  B).  In  the  vertical  line  the  vertical  strokes  are  superimposed 
and  cover  each  other,  so  that  the  line  appears  sharply  defined.  Only 
the  uppermost  and  lowermost  diffusion  lines  extend  beyond  the  terminal 

64 


850 


TEXT-BOOK  OF  OPHTHALJ 


pointa  of  the  vertical  line  and  make  it  8eem  so: 
Thus,  for  every  astigmatic  person  there  is  one  d 
lines  appear  most  distinct,  and  one,  perpendic 
appear  most  confused.  Most  people  looking  at 
find  that,  of  the  radii  of  the  star,  two  situated  c 
distinguished  by  being  particularly  black,  wl 
placed  perpendicular  to  them^re  the  ones  that 
If  one  iB  unable  to  perceive  this  phenomenon  w; 
readily  do  so  if  he  makes  himself  artificially 
cylindrical  glass  before  his  eye.* 

The  principal  meridians  usually  intersect  i 
cross  ff>rmed  by  them  is  generally  vertical,  m 
rule  is,  that  the  vertical  meridian  has  a  greater 
zontal  (astigmatism  '*with  the  rule,"  or  direc 
reverse  condition  (selected  for  Fig.  384  becaui 
represented)  also  occurs,  and  is  then  known  £ 


Fio.  385. — Retinal  Images   in  Regular  . 
A,  two  Unea  placed  perpendicular  to  each  other;  B,  their  image  upoi 

the  rule"  or  inverse  astigmatism  .  The  degr 
pressed  by  the  difference  between  the  meridian 
refraction.  As  long  as  this  difference  remains 
tism^mav  be  regardea  as  physiolopi^al,  since  m< 
a  slight  error  o^  curvature  of  this  sort;  but  as 
amounts  to  1  D  or  over  it  must  be  regarded  i 
I  affects  the  visual  acuity,  and  in  many  cases  ca 
[An  astigmatism  of  even  0.25  D  may  do  this,  pj 
|ji^,|i^|lused  much  for  fine  work,  and  an  astigmatism 
rise  to  trouble  that  it  can  scarcely  be  regard« 

The  determination  of  astigmatism  must  be  ^ 
making  our  tests  perfect  vision  can  not  be  attain 

Various  kivds  of  astigmatism  are  distingi 
character  of  the  refraction  of  the  principal  mei 
is  emmetropic  and  the  other  hypermetropic, 
simple  hypermetropic  astigmatism;  but  if  boi 
metropic,  it  is  compound  hypermetropic  astij 

'In  (It  fault  of  this,  an  ordinary  convex  or  concave  gluiw  ma 
before  the  eve. 

^|Af<  jrding  to  the  usage  in  America,  undertaken  in  every  ci 
rmctioD  (see  pages  859  and  860).— D.J 
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fashion  we  speak  of  simple  arnl  Compound  myopic  astigmatism.  If  one 
riieriflitui  is  hypormf'tropic  and  the*  other  myopic,  the  condition  is  known 
as  mixed  astigmatism  [see  pa^e  S52]. 

Thv  miLse  of  retryhtr  astJLnnatism  in  the  ifTfjil  ni-|jnrity  nf  f*.!«^.«^  j«  a 
congenikil  ^rvi'^nlimXS'  of  tho  eurvntnre  of  the  mrnea — a  condition  which 
is  apt  to  (>e  transrnittrd  Ijy  heredity.  In  high  degrees  of  congenital  astig- 
matism it  is  grncrally  imposjsiblt*,  even  with  |KTfcct  eorrt*etion  of  the  astig- 
matism, to  bring  the  visual  acuity  up  to  tiie  normal  pitch;  and  these  case^ 
are  asaociated  not  infrequently  with,  other  defects  in  the  development  of 
the  eye.  Congenital  astigmatism  in 
often  present  in  both  eyes,  although 
not  always  in  the  same  tlegr^^e,  and  the 
direction  of  the  principal  meridians  is 
apt  to  be  symmetrical  in  the  t%vo  eyes. 
.1  rquind  astjgmati^sm  mav  have  1 1 s 
cause  in  the  cornea  or  in  the  lens.  The 
former  variety  oc(*urs  wlien  the  curva- 
ture  of  the  cornea  has  been  altered* 
either  because  of  diseases  affecting  it, 
or  8till  more  frequently  because  of  oper- 
ations. After  every  cataract  operation, 
and  in  fact  e^en  after  an  irideiiTTmy,  a 
certain  degree  ot  (M^>röelil~aj^f igmatJsm 
develops,  which  indeed  dlmmisltes  with 
the  c()nsolidation  of  the  cicatrix»  but 
seldom  disappears  entirely.  The  lens 
gives  rise  to  re^lar  astigmatism  when 

it  is  obliquely  placed,  as,  for  example,  in  case  of  subluxation.  This  state 
of  things  can  readily  l>e  imitated  experimentally  if,  as  was  said  above,  we 
look  through  a  spherical  lens  obliquely.  The  print  then  looks  as  if  in  a 
state  of  astigmatic  distortion,  and  the  separate  radii  of  Fig,  3S6  seem  to 
differ  in  distinctness.  Accordingly,  an  obhquely  placed  spherical  lens 
acts  also  as  a  cylindrical  one.  Many  astigmatic  patients  who  wear 
spherical  glasses  hit  upon  this  fact  themselves;  to  see  better,  they  place 
their  spherical  glasses  in  such  a  way  as  to  look  obliquely  through  them. 

The  ireaiment  of  astigmatism  consists  in  correcting  it  as  precisely 
as  possible  by  means  of  cylindrical  glasses.  In  this  way  distinct  vision 
can  be  secured,  and  at  the  same  time  the  asthenopia  is  relievedr. 
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(6)  Irregular  Astigmatism. 

14<).  Irregular  astigmatism  occurs  when  the  curvature  in  any  one. 
single  meridian  is  not  everywhere  alike,  so  that  the  rays  passing  through 
the  same  meridian  are  never  united  in  one  point.  A  certain  degree  of 
irregular  astigmatism  must  he  regarded  as  physiological,  as  it  is  present 
in  every  eye,  its  location  being  the  lens.  The  individual  sectors  com- 
posing the  latter  do  not  all  have  the  same  refracting  power,  this  being 
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probably  due  to  unequal  curvature  of  their  si 
images  of  a  point  which  these  sectors  cast  do  i 
spot  in  the  retina,  although  they  come  so  close 
part  they  overlap. 

Under  pathological  conditions — e.  g.,  in 
lens — this  lenticular  astigmatism  is  so  much  in 
able  trouble.  As  the  refractive  power  of  tb 
lettä  becomes  more  and  more  different,  the  ii 
recede  farther  and  farther  apart,  so  that  ultimi 
distinct  from  each  other.  It  is  in  this  way 
develops  in  incipient  cataract  (see  page  501). 
irregular  astigmatism  occurs  in  subluxation  c 
ticular  displacement  is  so  considerable  that  p 
the  lens  in  it  and  part  is  aphakic. 

Pathological  irregular  astigmatism  origins 
more  frequently  than  it  does  from  the  lens.  It 
as  an  accompaniment  of  marked  regular  ast 
often  in  consequence  of  pathological  processes 
cornea  after  ulceration,  or  in  flattening  or  ectas 

Irregular  astigmatism  makes  objects    app 
and  sometimes  also  look  multiple,  and  in  this 
acuity.    It  is  impossible  to  correct  it  by  glasses 
lar  corneal  astigmatism  a  stenopseic  slit  is  of  ser\ 
objects  (see  page  796). 

The  sort  of  regular  astigmatism  that  is  present,  wl 
or  mixed,  does  not  depend  upon  the  curvature  of  the  < 
of  the  retina.  If  the  latter  is  situated  at  point  2  (Fig 
through  the  horizontal  meridian  come  to  a  focus,  this 
TOfracbion.  But  the  vertical  meridian  is  hypermetropic, 
it  would  meet  behind  the  retina.  In  this  case,  then, 
me  tropic  astigmatism.  If  the  position  of  the  retina  '^ 
1 — both  meridians  would  be  hypermetropic;  that  is,  c< 
mat  ism  would  be  present.  If  the  retina  was  situated  s 
the  mys  passing  through  the  horizontal  meridian  woul 
the  retina>  those  passing  through  the  vertical  meridiai 
mati.fm  would  exist.  If  the  retina  is  situated  at  6 
is  present,  because  there  is  emmetropia  for  the  v 
for  the  horizontal  meridian.  Finally,  if  the  retina  shoul 
—that  is,  behind  the  foci  of  both  meridians — myopia 
latter,  or  there  would  be  compound  myopic  astigmatism 
is  the  kind  most  frequently  occurring;    mixed  astigmat 

The  msion  in  regular  astigmatism  is  distinguished  i 
of  refraction  by  the  fact  that  object«  are  distorted,  an 
aeen  with  the  same  indistinctness.  If  the  principal  mer 
and  horizontal,  the  horizontal  strokes  of  the  letter  E  wi 
ones  indistinct,  or  vice  versa.  The  astigmatic  subject  tl 
he  does  see  to  guess  the  rest.  If  we  test  the  visual  acui 
6  metres,  he  will  read  Snellen's  test  types  well  down  to 
because  he  does  not  see  any  farther  down.  The  astign 
often  reads  the  whole  card  down  to  the  bottom,  but  t€ 
In  fact,  he  takes  refuge  in  guessing— an  attempt,  how€ 
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culiar  and  very  unpleasant  fomi  of  asthenopia.  [Another  cause  of  ilisturl^jed  vision 
in  asti^iialifs  m  the  apparent  motion  of  objects— wheel-like  fig:urcs  appearing  to  re- 
volve anil  check  jjatu^riL'i  8iH.'rning  to  dance.  This  eani*es  asthenopia  anil  vertigo.— DJ 
How  astigmatism  is  tUtcrmined  and  corrected  may  tje  iilusi rated  by  the  foEow- 
ing  example:  We  fir^t  make  the  aatigmatic  j«iticni  hnik  nt  Fig.  ctHt>,  or  some  similar 
stellate  figure,  and  thus,  for  instance,  deterniine  that  the  horizontal  radii  of  (he  fltar 
apjjciir  lilackest.  From  thin  we  conclude  that  vert  »cat  Unen  are  seen  distinctly,  fje- 
caui^e  tlie  horizontal  radii  are  comjxwed  of  vertical  linct*.  If  vertical  lines  appear  dis- 
tinct, the  diffusion  lines  or  diffusion  ellii>8eä  must  bo  vertical  (Fig.  385) — i.  e.,  the 
adjustment  for  the  horizontal  meridian  must  \^  correct,  or  at  least  be  bett^3r  than 
the  adjustment  for  tlie  vertical  meridian.  We  now  place  a  «tenopirir  glit  before  ihe 
eye,  in  the  borizontai  meridian  first,  and  determine  the  refraction  of  the  latter  by 
meuns  of  sphericul  glasst*«.  SupjK>8<»  that  this  refracli^m  is  ilf  =  1  D.  Now  making  a 
test  of  the  refraction  with  the  slit  in  the  \'^ertical  |msition  a  myopia  of  '4  D  is  found. 
Accortbngly,  myopic  astigmatism  (-4m)  is  present,  and  one,  namel^^j  of  2  D,  since 
the  degree  of  astigtiiatiKm  is  given  by  the  difference  rn  refraction  of  llie  two  meridians. 
The  cornH'tion  of  tliin  ikHtigmatism  wovild  have  to  be  mswie  by  two  concave  cylindrical 
glasses,  the  axes  of  which  nm  vertical  and  horizontal.  The.  eyhndrical  glans  refract« 
ninst  strongly  in  the  direction  f)er|x*ndicular  to  its  axi«  (see  page  795).  Hence»  to 
ot»rrect  tlie  Imrizontal  meridian,  we  must,  place  a  cylindrical  glass  of —  1  I>  with  the 
axis  vertical,  and  bir  the  vertical  meridian  a  glass  of  —  3  D  with  the  axis  horizontal.. 
This  \a  written  a»  follows; 

—1  D  cyl.  vert.  C  —  3  D  cyl.  boriz.* 

In  cases  where  the  sign  of  both  cylinders  is  the  same,  a  simphfication  of  the  eora- 
bination  is  obtained  in  the  following  way:  If,  in  the  example  chosen,  we  give  a  «pherii-al 
glass  of —  1  D,  this  will  correct  the  horixonlal  meridian  to  the  j>oint  of  emnietropia, 
and  the  vertical  meridian  to  2  D.  To  get  the  complete  correction,  tborefon».  we  only 
need  to  add  to  the  spherical  glass  a  — 2D  cyl.  boriz.     We  would  tlierefore  pn^scribe 

—  1  D  sph.  C  —  2  D  cyL  horiz. 

If  the  two  ]>rineipal  meridian«  are  not  vertical  and  horizontal,  but  oblique,  their  incli- 
nation must  be  dcnoteil  in  degrees  of  arc.  In  consonatjce  with  international  agref^ment, 
this  b  done  by  stuf  ing  the  position  of  the  upper  end  of  the  meridian.  To  define  this 
position,  the  trial  frame  ciu*rif*8  the  upper  half  of  a  circular  arc  divided  into  degret^s^ 
the  numbering  of  which  tx^gins  with  (P  at  the  na^al  end  of  the  horizontal  meridian  and 
I'xtcnds  to  180°  at  the  temjKjral  end  of  the  horizontal  meridian.  [See  FiR,  358  C;  and 
for  other  methods  of  indicating  the  principal  meriflians  or  nxm  of  astigmatism,  fiee  Fig, 
3ÖS  A  and  Fig.  :i5H  B,  Fig.  35S  A  represents  the  metlnxl  which  wtill  mo«t  prtnails 
throughout  America  antl  hi  large  part  throughout  England  also, — D.) 

As  can  be  seen  from  the  example  aljovc  given  cylindrical  glasses  may  be  combined 
both  with  spherical  glasses  and  with  eyUnders  [see  })age  800],  atid  they  may  likewise  b© 
combined  with  prisms.  Cylinders  are  generally  prescribed  in  sptictades  in  order  to 
insure  the  axis  of  the  glass'  Ijcing  in  pro[M>r  pxwäition. 

[The  astigmatic  test-card  shown  in  Fig.  385  is  usually  replaced  in  ihin  country 
by  one  in  which  each  radiating  bar  is  composed  of  three  parallel  hues;  the  horizontal 
l>ar,  for  instance,  l>eing  made  tip  of  three  long  horizontal  lines  instead  of  a  series  of 
short  vertical  ones.  In  this  case,  of  course,  if  the  horizontal  Lar  appeared  the  blackest 
it  would  show  that  the  patient  saw  horizontal  lines  mwt  distinctly,  i.  e..  that  bis  verti- 
fal  meridian  was  most  nearly  enimetropir,  and  we  should,  iherefore,  place  the  axia 
of  the  correcting  cylinder  vertical.  Many  modificxitions  of  this  tLait  have  been  devised. 
One  of  tlie  best  is  that  of  Verhoeff  (Fig,  387)  which  m  use<l  as  follows:  -Tlie  chart  is 

^(Aecorrjiag  to  the  notation  prevniliiig  in  thi§  country*  (»ec  pi^jff  79U),  thia  woutd  hi»  writteo; 
—  I  00  ryl.  ftxis  fiO*  Z.  —>ii)ii  cvl.  axia  IMI^,  f^o  m\m  ttii*  Oiiüivalent  turiuul»,  meatioticd  iuat  ufterw&nl 
wouiJ  bo  written;— 1.00  aph.  C  —2.00  cyl.  AXii  ISO*.— DJ 
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rotaUKi  UDtil  one  mt  of  lines  coities  out  most  distinctly 
ing  segments  etand  out  black  and  sharp,  while  the  otl 
Cylinders  are  then  applied  with  their  axis  parallel  to 
chaH*.  'ITie  cylinder  which,  with  its  axis  in  this  direc^ 
alike  is  the  one  that  correcta  the  astiptiatism.  Other  d 
(Pray 'a  letters)  composed  of  lines  running  in  different  di 
purpose. ^D] 

Ihe  result  which  we  obtain  by  the  methodical  met 
mattsm  above  described  we  ttan  get  at  niore  quickly  in  th< 
astigmatism,  we  put  on  a  weak  cylindrical  glass  and  roü 
m  no  astigmatism  worth  mentioning,  the  patient  sees  ' 
glass,  no  matter  wlist  direction  it  occupies  in  front  of  tl 
ppMent,  the  sight  will  become  better  when  the  glass  u 
when  it  h  in  another.  In  this  way  we  find  the  directi« 
Then,  convex  or  concave  cy  I  indem  of  varying  strength,  anc 
spherical  glaa^cs,  are  successively  placed  before  the  eye  i 
the  principal  meridian,  until  the  beat  combination  has  b& 
The  astigmatism  is  frequently  found  to  be  great 
before  (Dobrawolski). 

It  is  unnecessary  to  correct  ever}'  case  of  astigmal 
the  astigmatic  jmtient  wishes  to  »ee  more  distinctly,  or  wl 
from  his  astigmatism/ 

The  objective  determination  of  astigmatism  can  be  m 
tnatiam  manifests  itself  with  the  ophtlialmoscope  by  the 

papilla,    wl 

appears  elo 

laterally  (so 

matism  it 

In  the  erec 

astigmatism 

vessels  are  i 

time,  as,  ov 

refraction,  1 

ing  glasses. 

that  it  is  p 

matism  wit 

for  each  of 

the  correctu 

of  this  meri 

Astigmatisn 

measured  b^ 

by  foUowin; 

[See  pages  ( 

Regula 

detertnined 

This  is  done  by  means  of  the  ophthalmometer  which  w 

lioltz;  Javal  and  Schiötz  then  modified  the  instrument  s< 

tically,  and  it  is  now  in  general  use.    It  is  the  task  of  the  o 

reflected  images  on  the  cornea.     From  t!\is  the  curvatur 

for,  the  greater  the  curvature  of  a  convex  mirror,  such 

smaller  are  the  reflect-ed  images.    The  reflected  imagee 

measurement  should  be  quite  large,  because  then  the  ch 

place  when  the  radius  of  the  cornea  alters  have  also  lai 

are  more  readily  demonstrated  by  measurement.    For  ] 

^  [AAtismatisin  iq  thi«  country  ii  corrtcted  much  more  systei 
jitt«iitioD  irt  paid  to  the  cornectiDu  of  aJigbt  de^reea  (of  0.26  D,  or  ev« 
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therefore,  an  object  is  selected  whose  iniÄge  on  the  conieii  is  so  large  as  to  be  ecjuiva- 
leiit  to  Qt  least  a  fourth  of  a  meridian  of  the  coniea.  If  we  should  take  for  svii-h  an 
objei't  an  upnghl  whit**  croa«,  the  reflectjeil  images  of  the  two  arms  of  the  eross  would 
be  ecjuully  long  only  in  case  the  fornea  had  a  precisely  splieneal  nirvature,  If^  as  is 
geoerally  the  ease,  the  vertical  meridian  is  more  eur%'e<I  than  the  horizontal,  the  verti- 
cal arm  of  the  (TOisH  would  look  shorter  in  the  reflected  inui^e  t\mn  Om  horizontal; 
and  from  the  difference  l>etween  the  tw^o  we  niiglit  compute  the  difference  between 
the  radii  of  curvature  of  tlie  two  principal  meridiana.  It  is  an  easier  matter  to  tÄke, 
instead  of  tlie  whole  cross,  only  one  arm  of  it,  which  is  ßrst  placed  horizontally  then 
vertically,  and  is  measured  in  Imth  inatancca.  We,  accordingly,  give  the  object  a  con- 
sidernblc  elongattou,  so  that  Us  reflected  image  shall  extend  mainly  over  only  one 
rncridian  of  tlio  t^oniea;  e.  i?.,  if  the  object  m  horizontal  its  reflected  image  will  be- 
long to  the  horizontal  meridian  (Fig,  389)*  In  order  to  be  able  to  vary  the  size  of  tlie 
objc^ct,  we  take  wJuit  may  1«?  called  Biniply  two  opposite  edge«  of  it.  Thci^e  are  repre- 
sented by  the  two  while  pbtes  a  and  ß  which  are  attached  to  the  circular  arc  B,  and 
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FlOB.  388  TO  S91,*-Rl!FtECTKD  lUAOEB  ON  TffK  CORNSÜ  JkA  SEKM  Vt  TIfIC  OpBTnAUMOMimSJI* 


are  movable  on  it  (Fig.  388),  By  carrying  them  nearer  together  or  further  apart,  the 
object  as  a  whole  is  diminished  or  enlarged  and  so  loo  is  its  reflected  image  on  the 
cornea.  If  the  size  of  the  object  is  constant  and  its  distance  from  the  eye  that  is 
being  tested  is  also  c*onstant,  the  size  of  the  reflected  image  will  vary  only  with  the 
degree  of  the  corneal  cur\'ature.  Hence  the  latter  can  be  computed  if  the  size  of 
the  reflected  image  is  known.  Heimholte  was  the  first  in  measure  this  precisely,  using 
the  method  of  duplication  of  tlie  reflected  image.  The  apparatus  designed  to  effect 
this  is  placed  in  the  telescope  which  passes  through  the  center  of  the  arc  JS,  and 
shows  the  reflected  images  in  a  magnified  ffrrm.  In  tlie  ophthalmometer  of  Javal 
and    Schiotz,  w^bich  is   now  generally  used,    the    doubling  of  the  image  is   accom- 


sufficiently  close  to  plate  ß,  their  inner  edges  which  h 
(Fig.  390).  We  now  read  otT  on  the  arc  the  distunce  bei 
size  of  the  object;  und  since  the  distance  of  iht*  latter 
reflection  is  caul  and  also  the  amount  of  the  duvibling  afl 
size  of  the  corneal  image  and  from  I  his  the  curvature  of 
the  arc  B  k  so  gmdnateit  that  frora  the  p<3siiion  of  the  plflj 
niilliraetrca  or  the  refrar!  ive  power  of  the  corncii  in  dioptric 
If  now  the  arc  is  placed  vertfral  its  reflected  image  ^ 
of  the  (»orneA,  If  this  has  the  same  cin-\'ature  as  the  hoi 
image  will  remain  unaltered.  If  however  there  is  a  greaj 
a«  is  the  case  in  fiNtijjri^atiBm  with  the  rnle^  the  reflected  i 
6  come  closer  together,  and  so  (io  a^  and  ^/,,  whence  it  foil 
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h  and  partly  overlaps  it  (Fig.  391).  By  enlarging  the  object,  i.  e.,  by  separating  the 
plates  a  and  ß  from  each  other,  we  can  now  enlarge  the  double  reflected  image  to 
such  an  extent  that  a^  and  h  again  come  just  in  contact.  If  then  we  again  read  otf 
on  the  arc  the  curvature  of  the  cornea,  we  shall  ascertain  how  much  the  latter  hM 
increased  in  comparison  with  the  horizontal  meridian,  i.  e.,  we  shall  ascertain  theamoait 
of  the  astigmatism.  But  we  can  also  deduce  this  directly  from  the  amount  of  over-Jap- 
ping of  a  I  and  6.  For  this  purpose  plate  a  does  not  constitute  a  rectan^e  but  a  sur 
figure  with  six  steps  so  measured  off  that  an  over-lapping  of  one  step  correspoodi  to 
an  increase  of  refractive  power  of  one  dioptry.  Thus  in  the  case  represented  in  Fip. 
390  and  391  the  vertical  meridian  would  be  3  D  more  refractive  than  the  horisontaL 

The  determination  of  the  corneal  astigmatism  with  the  ophthalmometer  facili- 
tates very  greatly  the  determination  of  the  total  astigmatism  present,  but  doe«  not 
alone  suffice  for  this  purpose;  in  every  case  the  examination  of  the  eye  with  gUasei 
must  also  be  made.  For  in  the  first  place  the  ophthalmometer  gives  only  the  difFerenee 
in  refraction  between  the  two  principal  meridians,  but  not  their  absolute  refrartioD; 
it  does  not  tell  us  whether  either  one  of  these  meridians  is  hypermetropic  or  myopic 
or  to  what  extent  they  are  so.  In  the  second  place  the  astigmatism  that  is  determined 
with  the  opthalmometer  does  not  agree  precisely  with  that  which  is  found  with  tetu 
by  glasses,  for  the  ophthalmometer  shows  only  the  astigmatism  of  the  oomea,  but 
the  glasses  give  the  astigmatism  of  the  whole  eye  (functional  As).  Yet  the  difference 
between  one  kind  of  astigmatism  and  the  other  is  almost  always  in  the  same  senae, 
there  being  added  to  the  corneal  astigmatism  an  astigmatism  of  0.5 — 1  D  against  the  rule, 
the  seat  of  which  is  probably  in  the  lens.  Hence  the  functional  astigmatism  appesn 
to  be  0.5 — 1  D  less  than  the  corneal  astigmatism  in  case  the  latter  is  with  the  role, 
and  as  much  greater  than  the  corneal  astigmatism  when  the  latter  is  against  the  nik. 

A  very  useful  instrument  for  determining  whether  there  is  actually  any  greiA 
amount  of  astigmatism  present  is  Placido*8  keratoscope  [see  Fig.  392].  This  oooaisU 
of  a  disk  of  cardboard,  one  surface  of  which  bears  a  number  of  black  concentric  rio^ 
upon  a  white  ground.  An  aperture  in  the  center  of  the  disk,  and  corresponding  to  th» 
center  of  the  rings,  allows  the  observer  to  look  through  the  disk.  The  disk  is  held  to 
that  the  side  with  the  rings  upon  it  is  turned  toward  the  eye  that  is  being  examined, 
and  so  that  the  plane  of  the  disk  is  parallel  to  the  base  of  the  cornea.  If  now  we  look 
through  the  central  aperture  at  the  eye,  we  see  the  rings  mirrored  upon  its  oomea. 
If  the  cornea  has  the  normal  curvature,  these  rings  appear  perfectly  circular;  if  not, 
the  rings  are  transformed  into  ellipses,  or  show  irregular  bulgings,  according  as  regular 
or  irregular  astigmatism  is  present.    [See  Figs.  393,  394.] 

In  irregular  corneal  astigmatism  the  attempt  has  been  made  to  secure  distinct 
vision  by  placing  a  glass  of  watch-glass  shape  upon  the  cornea;  the  anterior  surface 
of  the  glass  is  ground  to  correspond  to  the  radius  of  the  [normal]  cornea,  while  the 
posterior  surface  rests  upon  the  cornea.  These  contact  glasses  (A.  Fick,  Sulzer),  how- 
ever, have  not  proved  serviceable  in  practice,  since  the  cornea  does  not  bear  the  per- 
manent contact  of  the  glass.  [Similar  to  the  contact  glasses  is  the  ht/drodiascope  of 
Lohnstein  which  has  been  used  with  success  in  keratoconus.  This  consists  of  a  shallow 
box  which  has  a  lens  let  into  its  front.  The  appliance  is  fastened  over  the  eye  so  as  to 
make  a  water-tight  compartment,  which  is  then  filled  with  salt  solution  or 
similar  li(]uid  (Siegrist). — D.] 
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[AI^PENOIX. 

149  A.    Determination  of   Refraction  with  Glasses* — In    detei- 

inininf:  the  refnii'tion  with  the  trial  case,  it  is  important  to  proceed 
acL'ordiag  to  some  systematic  plan.  A  good  way  is  as  follows:  We  put 
on  some  correction  obtained  either  empirical ly  or  by  one  of  the  objective 
methods  (skiascopy  or  the  ophthalmometer)-  Suppose  this  correction 
to  consist  of  a  sphere  an<i  a  cylinder  at  a  certain  axis,  say  +  2.50  sph, 
C  +  1-25  cyl  90°     To  this  we  add  in  turn  — 


-h  0.50  »ph. 
-f-  0,50  tyl. 
4  0.50  cyl 
^  0  5U  ryl' 
—  0.50  ryL 
^  0,50  sph. 


makiag  4  3.00  sph,  C 
90*        **       -i-  2.50  öpli.  C 

180^  **  -f  3.00  sph,  C 
SO*'        *'        -r  2.50  sph.  C 

180*»        *•        -r  2  00  aph.  C 


1.25  cyl.  W 
I  75  cyl.  90** 

0J5  €yl.  W 
0.75  cyl  90^ 
1,75  cyl.  90* 


2.00  sph.  C  *f    1  25  cyK  90^ 


If  any  of  these  additions  improves  the  sight  w^e  make  the  corre- 
sponding substitution  and  start  with  this  as  a  new  basis.  Thus^  if  the 
addition  of  —  0.50  cyl.  180°  was  an  improvement  (and  the  other  addi- 
tions were  not),  we  substitute  -h  2.00  sph.  3  +  1-75  cyL  90^  for  our  first 
trial  coml>ination.  and  then  to  this  new  combination  make  systematic 
additions  as  Ixjfore.  Pretty  soon  we  come  to  a  combination  which  is 
not  improved  by  any  addition  (even  of  a  0/25  D  sph.  or  cyl.)»  Then  we 
try  shifting  the  axis  of  the  cylinder  a  little  one  way  or  the  other.  If 
this  does  not  help,  then  we  ean  l>e  fairly  sure  that  the  coml>ination  last 
found  is  the  best  that  can  l>e  had.   We  ccmfirm  by  skiascopy (paj^e  101). 

If  with  our  first  combination  we  get  eompanitively  poor  sight  {less 
than  H)  we  would  make  additions  of  0.75  or  liK)  D  exchanging  this  for 
a  0*50  D,  w^hen  the  vision  had  been  improved  to  Jg  or  i>etter.  When 
the  vision  is  about  ^l  we  can  make  additions  of  (h25  D  or  even  QA2  D. 

If  no  addition  brings  the  vision  atove  |S  or  ||»  w^e  re-examine  the 
eye  carefully  for  pathological  changes  (faint  opacities  of  the  cornea  or 
lens,  disease  of  the  fundus)  and  if  these  are  absent,  examine  the  patient 
for  a  central  scotoma,  especially  a  color  scotoma. 

149  B.  Cycloplegics  and  the  Correction  of  Refractive  Errors. 
— In  this  country  a  eycloplegic  is  very  frequently  used  in  determining 
the  refraction  whether  the  (»se  is  one  of  hypermetropia,  myopia,  or 
astigmatism.  Homairopine  (in  2-  to  3*per-cent  solution)  is  the  agent 
mainly  in  use,  although  some  prefer  scof  tola  mine  (in  yVper-cent  solu- 
tion). Homatropine  instilled  three  or  four  times  at  intervals  of  ten  or 
fifteen  minutes  suffices  in  almost  all  cases  to  produce  in  the  course  of 
from  an  hour  to  an  hour  and  a  half  a  complete  relaxation  of  the  accom- 
modation. As  the  C3^clüplegia  proceeds  a  convex  glass  of  3  D  or  more 
should  be  places!  l>efore  the  eye  and  the  far  antl  near  points  and  the  range 
determined  with  a  Prince's  ruh^  (see  page  817).  When  the  range  becomes 
less  than  1  D,  the  cycbplegia  may  be  regarded  as  fairly  completc\  The 
eflFect  begins  to  abate  pretty  soon,  but  does  not  disappear  completely 
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uatil  two  or  three  days  at  least  have  elapi 
effect,  indeed,  is  often  apparent  five  or  silx  days  i 

The  practice  in  regard  to  the  use  of  a  cydopU 
lists  here  may  be  said  to  employ  one  in  from  4< 
refraction  cases.  The  translator's  own  practice 
whenever  practicable,  especially  insisting  upon 
dren  and  where  there  is  a  suspicion  of  spasm  o 
ence  between  subjective  and  objective  tests)  or  i 
of  convergence-excess  (see  page  751).  Contrary 
erally  exj^ressed,  he  has  found  it  advantageous  to 
tion  in  patients  between  forty  and  fifty.  It  has 
his  experience  to  find  patients  of  this  age  in  wl 
not  have  been  determined  accurately  without 
found  the  latter  particularly  serviceable  at  the 
forty-six  when  the  accommodation  is  changing  U 
in  struggling  to  use  his  failing  accommodatio 
latter  for  distance  and  conceals  some  part  of  his  . 

Of  course,  in  using  homatropine  for  these 
exclude  any  suspicion  of  glaucoma,  and  be  part 
using  a  cycloplegic  when  the  pupil  in  a  non-r 
uraily  dilated. 

The  gain*  in  certainty  both  for  the  physic! 
we  get  by  using  a  cycloplegic  is  so  great  in  co: 
erate  inconvenience*  produced,  that  it  seems  p 
ploy  men  t  of  this  aid  in  all  cases  except  in  tin 
who  are  likely  to  develop  glaucoma. 

Occasionally  homatropine  fails  to  produc 
This  will  l)e  evident  from  the  failure  to  obtair 
ent  results  by  subjective  testing,  from  a  contini 
the  results  of  the  objective  and  subjective  tes 
the  test  with  the  trial  case  and  the  shadow  tc 
tence  of  an  appreciable  amount  of  residual  ac( 
This  failure  of  hornatropine  to  produce  comple 
apt  to  occur  in  cases  of  spasm  of  accommodati 
causes  of  convergent  strabismus,  atropine  should 
listen tly,  accordinoj  to  the  principles  so  wll  la 
(see  pa^es  735  and  868).  Even  with  tnis  w< 
complete  relaxation. 

The  glass  prescribed  after  the  refraction  ha 
a  cycloplegic  will  depend  upon  various  factoi 
judged  iiy  itself  and  in  accordance  with  the  efl 
In  general  we  may  say: 

1.  We   correct   the   total   amount  of  astii 


«A  ffaifi.  he  it  not«!,  that  obtain»  for  the  objective  as  well  a 
b  in  ä  myope  of  3  I)  or  more  the  inconvenience,  except  for  the  c 

li  pracücaUy  nil,  as  nnch  a  one,  having  a  far  point  at  thirteen  inc 

«ooommmiation  i»  paralysed. 
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cyctoplegir.  The  only  exception  is  when  the  astigmatism  is  very  high 
(5  D,  or  over),  in  which  case  a  partial  correction  is  occasionally  le.ss 
arinoying  to  the  patient  than  is  a  complete  correction  which  gives  only 
slightly  better  vi.sion.  With  properly  adjusted  gla.sses,  however,  it  will 
usually  be  fount!  that  even  very  strong  cylinders  will  be  worn  with  com- 
fort and  advantage,  »Slight  degrees  of  astigmatism  (0.25-0.50  D)  may 
lie  left  yncorrected  if  they  do  not  appear  to  l)e  giving  tronljle.  They 
shoulil  be  corrected  (a)  wlienever  a  gla,ss  has  to  he  used  anyhow  (as  in 
presbyopia);  (6)  in  most  causes  also  when  the  patient  has  to  use  his  eyes 
excessively  for  near  work;  (c)  w^hen  there  are  well-marked  Hymptom»  of 
eye  strain,  such  as  headache,  asthenopia,  and  obstinate  blepharitis  or 
conjunctival  irritation. 

2.  We  correct  tlie  total  amount  of  myopia  found  under  a  cycloplegic. 
The  main  exception  will  be  when  the  myopia  is  excessive  and  the  patient 
has  not  worn  very  strong  glasses  hitherto,  as  in  this  case  the  su(kU*n  change 
ma>^  cause  discomfort.  Moreover,  if  the  patient  is  under  the  presbyopic 
age,  we  try,  a.s  far  as  can  \w^  to  make  him  use  the  same  glass  for  distance 
and  near  (see  page  831,  footnot-e). 

3»  We  under-correct  the  total  hypermetropia  b}^  an  amount  whirli 
depends  upon — (a)  The  age  of  the  patient.  The  }'ounger  he  is  the  more 
we  leave  for  his  accommodation  to  tlo.  {h)  The  amount  of  manifest 
hypermetropia.  The  less  this  is  in  proportion  to  the  total  hypermetrtipia, 
the  more  we  usually  have  to  unrlern^orrect  the  latter  in  our  prescription. 
In  general,  we  give  a  glass  somewhere  lietween  the  manifr^st  and  the  total 
hvpermetropia  and  as  near  the  latter  as  we  can.  (r)  The  patit^nt's  re- 
quirements. If  he  uses  his  eyes  excessively  for  near  work,  we  correct  more 
of  the  hypermetropia  than  if  he  is  leailing  an  out-of-floor  \\k\  (d)  The 
symptoms.  In  the  presence  of  marked  asthenopia,  heaihiche  apparently 
due  to  eye  strain,  neurasthenia,  and  general  muscular  weakness  (particu- 
larly the  accommodative  weakness  after  exhausting  diseases),  and  espe- 
cially in  the  presence  of  a  tendency  to  excessive  etjnvergenee,  we  correct 
more  and  more  or  even  the  whole  of  the  li>^ermetropia.  When  there  is 
an  actual  tendency  t-o  convergent  squint  or  when  there  is  a  spasm  of 
acconmimlation,  we  correct  the  whole  of  the  h>^])ermetropia  and  insist 
upon  the  continuous  use  of  the  glasses  combined  if  nwd  be  with  the  use 
of  atropine  (see  pages  735,  8J^5»  and  868).  On  tlie  other  hand^  if  well- 
marked  exophoria  is  present,  we  have  to  under-correct  the  h>7jermetropia 
somewhat,  so  tis  t^  stimulate  the  accommodation  and  with  it  the  con- 
vergence (cf.  page  728).  Generally,  however,  the  more  completely  a 
hypermetropia  is  correctcfl,  the  bf^tti*.  Many  hyperopes,  indeed,  do  not 
secure  relief  from  their  symptoms  umil  a  full  correction  is  applied.  As  a 
rule,  children  accept  a  full  correction  very  readily,  and  adults  generally 
can  be  got  to  do  so  too,  if  they  are  willing  to  put  up  with  some  temporary 
blurring  of  sight.  Sometimes  it  is  only  by  insisting  on  the  patient's  wear- 
ing what  at  first  seems  to  be  an  over-correction  that  we  elicit  the  full 
amount  of  his  hypermetropia,  whicli  lias  hitherto  remained  obstinately 
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latent  even  under  atropine  (Dixon).  On  the  other  hand,  with  manj 
patients,  particularly  those  of  middle  age,  the  blurring  produced  by  a  full 
correction  often  causes  great  annoyance  and  even  asthenopia;  and  much 
relief  is  experienced  when  the  correction  is  reduced  by  even  0.25  D.  It 
must  be  remembered  that  a  convex  glass  may  seem  too  strong  and  a  con- 
cave glass  too  weak  because  too  far  from  the  eyes  (see  page  798).  TTib 
is  a  reason  why  toric  glasses  and  automobile  goggles  sometimes  cause 
blurring  and  have  to  be  reduced  in  strength. 

As  a  general  thing,  unless  he  is  presbyopic  or  his  accommodation 
is  otherwise  subnormal,  a  hyperope,  if  he  wears  a  glass  at  all,  should 
wear  the  same  one  for  distance  and  near. — D.] 

150.  Anisometropia/^— By  anisometropia  is  meant  a  difTerence  in 
the  refraction  of  the  two  eyes.  One  eye  may  be  emmetropic  and  the  other 
myopic,  hypermetropic,  or  astigmatic,  or  both  eyes  may  be  ametropic, 
but  in  a  different  way.     In  this  regard  all  possible  combinations  occur. 

Anisometropia  not  infrequently  is  congenital,  and  then,  at  least  in 
the  higher  degrees  of  it,  often  manifests  itself  even  upon  external  in- 
spection by  an  asymmetrical  formation  of  the  face  and  of  the  skull. 
Acquired  anisometropia  most  frequently  originates  from  the  circum- 
stance that  the  change  taking  place  in  the  refraction  during  life — that 
is,  the  decrease  in  the  hypermetropia  or  the  development  of  a  myopia- 
does  not  advance  at  the  same  pace  in  both  eyes.  Very  high  degrees  of 
anisometropia  develop  when  one  eye  is  normal,  but  the  other,  in  con- 
sequence of  a  cataract  operation,  has  become  very  hypermetropic. 

A  correction  of  anisometropia  without  the  aid  of  glasses  would  be 
conceivable  only  as  the  result  of  an  effort  of  the  accommodation  differ- 
ing in  the  two  eyes;  but  this  the  eyes  are  incapable  of  doing,  at  least 
to  any  noteworthy  extent.  Accordingly,  the  anisometrope  never  sees 
distinctly  with  both  eyes  at  once.  This,  however,  gives  him  so  little 
inconvenience  that  many  persons  do  not  become  aware  of  the  fact  that 
they  are  not  seeing  equally  well  with  both  eyes  until  the  test«  of  vision 
which  the  physician  institutes  are  made.  Moreover,  if  the  difference  in 
the  refraction  is  not  too  great,  binocular  vision  is  not  disturbed  h\-  it. 
Both  images,  even  though  they  are  of  unequal  distinctness,  are  super- 
imposed and  made  to  coalesce.  In  the  high  degrees  of  anisometropia, 
however,  strabismus  very  frequently  sets  in.  This  may  be  either  diver- 
gent or  convergent,  and  under  these  circumstances  is  very  frequently 
alternating,  particularly  when  one  eye  is  hypermetropic,  the  other 
myopic  (see  page  737). 

The  obvious  course  to  pursue  would  seem  to  be  to  correct  the  anisome- 
tropia by  ordering  the  correcting  glasses  for  the  two  eyes.  And  in  slight 
degrees  of  anisometropia  the  unequal  glasses  are  well  borne.  But  if 
the  difference  between  the  two  glasses  is  somewhat  great  (more  than 
1.0 — 1.5  D),  the  patients  complain  of  an  unpleasant  sensation  in  the 
eyes,  of  vertigo,  headache,  etc..  and  when  they  try  to  use  their  gU 
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can  not  get  accustomed  to  them."  We  are  then  obliged  to  refrain 
from  correcting  the  anisometropia  fully,  and  give  glasses  the  difference 
between  which  is  less  than  the  amount  of  the  anisometropia  or  actually 
give  the  same  glass  for  the  two  eyes.  Sometimes,  again,  the  best  plan  is 
to  correct  only  one  eye  and  place  a  plane  glass  before  the  other.  In  doing 
this  we  always  have  regard  to  the  better  eye — namely,  the  one  which 
appears  more  efficient  for  the  purpose  in  view  (distant  or  near  vision). 
[In  the  large  majority  of  cases,  the  patient  will  readily  tolerate  and 
find  satisfaction  in  glasses  fully  correcting  each  eye,  even  when  the 
difference  in  refraction  is  very  great.  There  may  be  a  period  of  temporary 
discomfort  but  even  this  is  absent  in  many  cases,  and  the  final  outcome 
is  more  satisfactory  than  when  an  incomplete  correction  is  used. 
In  anisometropia  the  right  eye  has  usually  the  higher  refraction.  Aniso- 
metropia, particularly  when  of  high  degree,  is  rather  often  associated  with 
hyperphoria. — D.] 

"[In  many  caa«8  the  obntaole  that  opposes  our  attempts  at  correction  of  both  eyes  is  a  muftcular 
error.  This  produces  diplopia,  which,  as  long  as  the  image  of  one  eye  is  indistinct,  is  not  obtruidve 
and  henoe  can  be  neglected,  but  which  becomes  annoying  as  soon  as  both  images  are  made  clear  by 
the  use  of  ooirecting  glasseii.  In  a  few  cases  the  trouble  lies  in  the  unequal  prismatic  effect  of  the 
unequally  strong  glasses.  This  causes  diplopia  when  the  patient  ioolu  tlirough  the  periphery  of  tlie 
glasses.— D.] 


CHAPTER  VI. 
ANOMALIES  OF  ACCOMMODi« 

151.  Paralysis  of  Accommodation.^ — Pai 

is  diagnosticated  from  the  diminution  of  the 
{A).  To  make  this  diagnosis  it  is  necessary  tl 
ix>int  and  near  point,  and  from  them  calculat 
found  is  compared  with  that  which  the  patier 
have  in  accordance  with  the  values  set  forth  fir 
and  from  this  comparison  a  conclusion  is  drawn 
falls  below  the  normal,  and,  if  so,  how  far. 

The  disturbance  which  paralysis  of  the  accc 
greatly  according  to  the  refractive  condition  o 
trope  is  affected  with  paralysis  of  the  accoi 
writing  become  perfectly  impossible,  or  at  lea 
paralysis  (paresis)  of  accommodation,  very  c 
only  a  few  moments  at  a  time.  Distant  visic 
trope  does  not  require  to  use  the  accommoda 
the  hypermetrope  paralysis  of  accommodatioi 
noticeable,  since  without  accommodation  he  se< 
tance.  The  reverse  is  true  of  the  myope,  tc 
accommodation  causes  little  or  no  inconvenien 
degrees  of  myopia  a  paralysis  of  accommoda 
only  accidentally  at  the  time  when  a  careful  ex 
And  in  old  persons  in  whom  accommodation  foi 
sible  owing  to  sclerosis  of  the  lens,  paralysis  < 
also  necessarily  remain  imdetected — in  fact,  W( 
demonstrating  it. 

Paralysis  of  the  accommodation  arises  fron 
muscle  or  of  the  oculo-motor  nerve,  which  supp 
be  «imply  one  of  the  symptoms  of  a  complete 
which  cases  its  etiology  agrees  with  that  of  ocu 
eral  (see  page  709).  But  in  many  case»  the 
tioa  exists  alone,  or  is  at  most  associated  with 
the  sphincter  pupillae.  These  two  intrinsic  mu; 
ological  conditions  act  in  conjunction,  are  also 
gether,  so  that  the  paralysis  of  accommodation 
asis  paralytica  (ophthalmoplegia  interna  [or  I 
paralysis  of  accommodation  (with  or  without  pa 
which  we  are  acquainted  are  as  follows: 

ifAlso  called   cycloplegia,  from  kvkXok  circle,  and  »Airy^,  stro 
B.K.^  utropine — paralyzing  the  accommodation. — D.] 

mi 
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1.  Diphtheria. — Paralysis  of  accomracKlatioii  belongs  among  the  post- 
diphtherial  paralyse'^ — i.  v.,  those  which  usually  tlevelop  in  the  stage  of 
conviileseenee.  The  most  common  of  these,  besides  the  paralysis  of  ac- 
commo<iation,  is  paralysis  of  the  soft  palate,  which  manifests  itself  in  the 
nasal  cFiaracter  of  the  speech  and  also  by  the  fact  that  food  and  liquids 
readily  get  from  the  ehoana*  into  the  nose  when  the  patient  tries  to  swallow. 
Paralyses  of  the  sphincter  pupillae  or  of  the  other  eye  muscles,  of  the 
muscles  of  the  extremities,  or  of  the  trunk  itself,  occur  less  often.  Diph- 
therial paralysis  of  the  accommodation  {affects  both  eyes^  and]  is  iLsually 
not  associated  with  paralysis  of  the  sphincter  pupillie.  It  generally  passes 
away  of  itself  in  one  or  two  months  as  the  patient  gains  in  strenp:th,  and 
hence  affords  a  good  prognosis.  Cases  of  paralysis  of  accommodation 
i^onsequent  upon  influenza^  which  w^ere  analogous  in  their  behavior  to  post- 
diphtherial  paralyses,  occurred  pretty  frtN^uently  during  the  last  epidemics. 

2.  Pohoning, — The  most  complete  paralysis  of  accommodation, 
combined  with  paralysis  of  the  pupil,  is  produced  by  atropine  and  the 
otlier  mydriatics.  These  act  not  only  when  administereil  internally,  but 
also  locally  when  introduced  into  the  conjunctival  sac.  The  cases  in 
w^hich  paralysis  of  the  accommodation,  together  with  symptoms  of  gen- 
eral poisoning,  have  been  observed  after  eating  spoiled  meat,  sausages, 
fish,  etCp  likewise  depend  upon  poisoning,  which  in  this  case  is  poisoning 
by  toxins.  As  regards  post-diphtherial  paralyses  also  it  is  assumed  that 
they  are  caused  by  a  diphtlieria  toxin,  and  a  toxic  origin  perhaps  holds 
for  the  paralysis  of  accommodation  that  occurs  in  consequence  of  diabetes. 
In  all  cases  in  which  the  paralysis  depends  on  internal  poisoning,  it  is 
bilateral. 

3.  Brain  syphilis  and  tabes  ant  I  progressive  paresis,  which  are  con-" 
nected  vaXh.  syphiHs.     In  these  cases  the  paralysis  of  accommodation 
frequently  unilateral  and  usually  associated  with  paralysis  of  the  pupil.       H 

4.  In  conhisiom  of  the  eyebctU,  being  then  a  purely  local  affection.   •""^^       i 


Thr  trtatment  of  paralysis  of  the  accommodation  must  first  of  all  be  regulated 
accordinj^  to  the  lesion  wlvich  lies  at  the  bott^:>m  of  it,  and  must  sin^k  to  efFcft  the  cure 
of  tliis  latter  by  appropriate  means.  In  post-cÜphtherial  paralysis  we  institute  eorrob- 
orative  measures,  giving  hearty  nourishment,  wine,  iron,  quinine^  etc.  For  local  treats 
ment,  piloear[)ine  is  employetl.  This,  besitles  contracting  lite  pupil,  also  produces  a 
spasm  of  the  accommoilation  by  contracting  the  ciliary  muscle.  This,  however,  is  not 
of  long  dura! ion,  any  more  than  the  tninsis  is;  after  some  liours  the  muscle  relaxes  again 
and  the  parulysLs  returns.  Nevertheless,  the  contraction  of  the  miLscle  pro(luce<l  by 
the  miotic  a[)pears  stiraetimes  to  exert  a  favorable  influence  uj^n  the  paralysis  itself, 
f>erhaps  acting  in  the  same  way  as  faradization  does  when  it  produce}^  a  good  efTeet  in 
paralyses.  Pilocarpine,  however,  hi^s  a  really  beneficial  elTect  only  in  those  paralyses 
wiiirh  in  themselves  give  a  good  prognosis,  i.  e.^  in  the  poat-diplitheriai  paralyses  and  those 
depentlent  on  |>oisoning.  In  other  paralyses  merrttry  and  potassium  iodide  are  more  in 
order.  If  the  paraly.sis  presumnbly  will  last  a  long  time  the  indicÄtion  is  to  render  work 
ji  possible  by  means  of  proper  convex  glasses, 
I  In  paralyf*is  of  the  a  ceo  mm  ofl  at  ion,  whether  produced  by  disease*  or  artificially 

I       by  a  mydriatic,  the  stattunent  is  frequently  made  that  objects  appear  smaller  than 
I       u?<ual    imkropna)*    This  phenomenon  is  exiilainetj    in  the  following  way:     We  eati- 
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mate  the  size  of  an  object  from  the  size  of  its  image  upon  the  retina  taken  in  oooner- 
tion  with  the  distance  at  which  we  judge  the  object  to  be  situated.  An  object  of  oertaiB 
size  seen  at  a  certain  distance  gives  us  a  retinal  image  of  certain  size.  If  the  object 
is  approximated  to  one  half  the  distance,  its  retinal  image  becomes  twice  as  grett. 
If  this  were  not  the  case,  and  the  retinal  image  remained  of  the  same  sixe  when  Uie 
object  was  approximated,  we  would  infer  that  the  object  itaelf  had  been  reduced  to 
one  half  its  former  size.  It  is  this  mistake  that  we  fall  into  in  case  of  paralysis  of  the 
accommodation.  Since  in  this  condition  the  act  of  accommodation  for  any  given 
distance  of  the  object  cost«  us  a  greater  effort  than  under  other  circumstances,  ire 
estimate  the  accommodation  at  too  high  a  figure,  and  hence  believe  the  object  to  be 
nearer  than  it  really  is;  but  as  the  retinal  image  is  no  larger,  we  think  that  the  object 
itself  has  diminished  in  size.  The  same  phenomenon  manifests  it-self  when  an  emme- 
trope  looks  through  concave  glasses  [held  close  to  the  eyes];  these  make  objects  look 
smaller  to  him;  for,  to  overcome  the  concave  glasses,  he  must  strain  his  accommodt- 
tion.  Now,  without  being  distinctly  aware  of  this  strain,  he  yet  infers  from  it  that 
objects  are  nearer  than  they  are,  and  thus  the  latter,  since  their  retinal  images  are  not 
any  larger,  seem  smaller  to  him.  The  converse  phenomenon,  by  virtue  of  which  ob- 
jects appear  larger  than  normal — macropsia ' — is  observed  in  spasm  of  the  aecommo- 
dation.  This,  too,  originates  in  a  delusion  as  to  distances,  resulting  from  the  disturb- 
ance of  the  accommodation.     [For  retinal  micropsia  and  macropsia,  see  page  114 — D.j 

To  show  how  a  paralysis  of  accommodation  is  diagnosticated,  I  will  adduce  hen 
the  following  case:  In  May,  1887,  a  boy  ten  years  of  age,  was  brou|^ht  to  me  by  his 
mother  because  for  some  weeks  he  had  been  imable  to  read  and  ^-rite.  At  the  same 
time  the  unusual  width  of  his  pupils  had  attracted  his  mother's  attention.  I  found 
before  me  a  dehcate,  pale  lad,  whose  pupils  at  the  time  he  was  brought  to  me  showed 
once  more  their  normal  size  and  mobility.  The  boy  could  read  with  his  naked  eyt 
all  the  lines  on  Snellen's  test  card  hung  up  at  a  distance  of  6  metres,  hence  he  bad 
normal  vision.  From  this  fact  alone  it  was  possible  to  draw  the  inference  that  it  could 
not  be  a  case  of  opacities  of  the  media,  disease  of  the  chorioid  or  retina,  or  the  like, 
as  by  these  the  visual  acuity  would  necessarily  be  diminished  for  all  distances.  It 
could  only  be  an  anomaly  of  refraction  or  accommodation  that  was  in  question.  He 
was  not  near-sighted,  since  otherwise  he  would  have  been  imable  to  read  the  smallest 
letters  of  Snellen's  test  card  at  a  distance  of  6  metres,  but  he  might  perhaps  have  been 
hypermetropic.  Accordingly,  I  put  a  very  weak  convex  glass  before  his  eye;  as  with 
these  his  distant  vision  at  once  became  indistinct,  hypermetropia  too  was  excluded. 
Hence  there  was  emmetropia,  and  his  incapacity  to  read  could  depend  only  upon  a 
disturbance  of  accommodation.  This  was  at  once  confirmed  by  the  fact  that  the  boy 
with  +  3  D  read  the  finest  print  fluently.  The  print  then  could  be  brought  to  within 
13  cm.  of  the  eye;  his  near  point,  therefore,  lay  at  this  distance.  Expressed  in  diop- 
trics, P«  8  D  (100  :  13  =  8)  and  A  =  P —  Ä  =  8  D,  since  the  boy  was  emmetropic, and 
hence  Ä==  c»  =  0  D.  But  the  range  of  accommodation  of  8  D  had  been  determined 
with  the  aid  of  the  -f  3  D  glass  which  had  been  placed  before  the  eye,  and  which,  there« 
fore  had  to  be  subtracted  in  order  to  ascertain  the  true  range.  This  accordingly  was 
only  5  D.  At  the  age  of  ten  the  range  should  have  been  14  D;  the  boy's  range  there- 
fore, was  about  9  D  too  small.    There  was  paresis  of  accommodation. 

To  my  question  as  to  an  antecedent  diphtheria,  the  mother  professed  to  have 
no  knowledge  of  any  such  occurrence.  It  was  only  after  further  questioning  that 
she  remembered  that  the  boy  had  had,  the  Christmas  before,  an  inflanunation  of  the 
throat,  which,  however,  had  not  been  at  all  severe,  and  which  the  physician  had  said 
was  not  diphtheria.  After  this  attack  of  inflammation  in  the  throat  the  boy  had  been 
feeble  for  a  remarkably  long  time,  so  that  since  that  date  he  had  not  been  able  to  go 
to  school;  the  glands  in  the  neck  had  become  greatly  swollen,  so  as  to  be  visible  ex- 
ternally. Later  still  the  boy  had  become  hoarse;  he  had  got  a  nasal  voice,  and  could 
not  pronounce  certain  letters,  and  syllables  (paralysis  of  the  soft  palate).  This  symp- 
tom, like  the  dilatation  of  the  pupils,  had  already  disappeared  when  I  first  saw  the  boy. 

I  [From  ^cucpof  long,  and  w«^.  sight. — D.] 
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The  boy  was  given  generous  nourishment  and  a  tonic  (ten  drops  o(  a  mixture 
of  equal  part«  of  Fowler's  sohition,  and  the  tinctnra  ferri  pomata,  twice  a  day  in  a 
gla88  of  wine);  in  addition,  every  second  duy  a  warm  tmth,  and  ftnally  every  morn- 
ing and  evening  a  drop  of  l-per-cent  sohlt  ii>n  of  pilocarpine  in  e^uli  eye.  The  effect 
of  pilocarpine  during  the  first  few  days  continued  only  eight  to  ten  houra  after  the 
instillation,  but  afterward  l>ecame  nior«*  and  more  loHting  all  the  time.  After  ten  days, 
at  which  time  the  boy  had  had  for  two  dajns  no  pUocarpine  in  his  eyes,  he  could  wad 
th*'  hnest  print  with  Ins  naketl  eye  up  to  13  cm— ^i.  e,  he  had  a  range  of  8  D,  The 
aceonmuKlation^  therefore,  was  not  yet  nonnal,  but  he  vtmld  already  do  hi»  work 
without  troul>le,  and  later  still  doubtless  regained  hiß  full  ptnver  of  accommodation. 
Thifl  caae  is  instructive,  for  it  shows  tliat  diphtheria  need  not  nm  a  severe  course  in 
order  t«  have  ptiral^Tiis  of  the  aecomtnodation  follow  it — a  fact  which  also  holds  good 
fcr  tiie  other  |K>st-iliph  the  rial  pandyses.  I«  I  his  in«tance  the  diphtheria  ctmld  not  be 
fecognised  as  such  while  it  waa  still  recent;  but  thai  it  was  a  case  of  true  diphtheria 
was  apparent  from  the  long-continued  imfjairment  of  the  health,  the  marked  swelling 
of  the  glands^  and  the  paralysis  of  the  soft  palate,  of  the  pupil,  and  of  the  accommo- 
dation. 

After  severe  disea^js  tliere  is  a  ^-eakne«»  of  the  aceommodation  which  often  lasts 
for  quite  a  long  time,  Init  which  is  no  more  to  be  regarded  as  a  pareais  than  is  tlie  mus- 
cular weakness  of  convalescent«  in  general.  The  ratige  of  accommodation  in  these?  cases 
is  normal,  but  it«  lasting  power  is  defective,  sc»  that  exhaustion  and  asthenopic  troubles 
speedily  set  in.  Tliis  weakness  of  accommodation  disappears  of  it-self  in  proportion 
as  the  strength  of  the  i>atient  comes  back. 

A  reduction  of  the  aceommodation  is  furthermore  found  in  the  prodromal  stage 
of   glaucoma. 

It  is  evident  tlmt  the  accommodation  is  completely  abolished  when  the  lens  tu 
luxated,  or  is  removed  altogether  from  the  eye,  but  auch  cases  are  not  properly  de- 
noted as  paralysis  of  the  accommodation. 


Spaüim  of  TtiE  Accommodation, — The  instillation  of  atropine,  besides  causing 
paral^'sis  of  the  acconmiodation,  usually  results  also  in  a  slight  change  of  the  refrat-tion, 
which  in  fact  becomes  somewhat  lessened.  If,  for  example,  there  was  emmet ropia 
before,  the  eye  after  atropinization  is  slightly  h^'jtermetropic.  The  slight  re^luction 
of  the  refraction  prockKM?d  by  atropine  corresptmd«  to  the  tonic  contraction  {tone) 
of  the  ciliary  muscle  whirii  is  constantly  present,  and  which  disappears  only  when  the 
mtiscle  is  paralyÄcd.  Another  way  in  which  the  refraction  may  become  lower  after  the 
instillation  of  atropine  is  that  when  the  pufyil  ia  wider  the  perit>heral,  h^^s^s  i^frar'ting  por- 
tions of  the  cornea  and  lens  eotm^  iuio  play.  [U  is  ver>'  di>ubtful  whether  this  factor 
exerts  any  appreciable  effecL  If  it  did  a4-mm.siop,  placed  over  the  pupil  so  as  to  ex- 
clude the-se  peripheral^  less  refracting  i>ortions^  should  make  a  difference  in  the  refrac- 
tive power  of  the  eye.  Hut  it  rarely,  if  ever,  does  this. — D.\  In  any  case,  the  normal 
tone  of  the  ciliary  mu.'icU"  wliich  is  abolished  by  atropine  amounts  at  most  to  1  D,  and 
only  in  hypermetropic  eyes  is  the  permanent  degree  of  tension  of  the  ciiiar>^  muscle 
gjceStlGT^  txj  accord  with  the  latent  liypermetropin/  Apart  from  this,  a  state  of  f)ermanent 
excessive  tension  of  the  ciliary  muscle  does  occur,  which  is  directly  prejudicial  to  vision 
since  it  mainly  affects  myopic  eyes,  which  by  it  are  made  to  appear  more  myo^jic  than 
they  really  are.  Such  sptism  of  accommoilation  is  revealed  by  our  finding  the  myopia 
higher  when  we  make  the  subjective  test  (with  glasses)  than  when  we  determine  it 
objectively  with  the  ophthalmoscope  [or  shailow  testj.  For  during  the  examination 
with  the  ophthalmoscope  it  m  usual  for  the  accommixlation  to  be  entirely  relaxed,  so 
that  the  eye  shows  lis  true  refraction.    The  confirmatory  test  is  made  by  instilling  atro- 

«(Korijial  tone  eihould  mean  tbs  faiibUun>l  contrsctioii  of  a  muacle  which  the  tatter  will  not  pv«  up 
under  «ay  conditioQa  ühorl  of  piuidyms.  If  this  definitiaii  is  Bdonitted.  th«  aormiü  tone  of  the  «^Uia/y 
muMcIe  even  m  hypermetrope«  doos  not  amouni  to  ever  0.25  O,  umI  there  in  food  reaaoQ  to  dli>ut»l 
whether  it  even  efiuala  tbia. — D] 
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pine  which  paralyzes  the  acoommodation  and  thus  abolishes  the  spasm  so  that  now  oa 
making  the  tests  with  glasses  the  true  refraction  is  found.  Genuine  spasm  of  acoomiiio- 
dation  is  rare  and  occurs  only  in  young  persons/  and  the  degree  of  tension  put  on  U» 
accommodation  is  usually  pretty  considerable.  Formerly  the  frequency  of  acoommo- 
dative  spasm  as  well  as  its  significance  for  the  development  of  myopia  was  much  over- 
rated. 

Spasm  of  accommodation  is  combated  by  the  instillation  of  atropine,*  whicii 
must  be  kept  up  for  qmte  a  long  time  (four  weeks  and  more).  Unfortunately,  in  most 
cases  when  the  atropine  has  been  discontinued,  the  spasm  returns  after  a  shorter  or 
longer  interval. 

High  degrees  of  spasm  of  accommodation,  sometimes  combined  with  spasm  of 
convergence  (see  page  763),  are  found  in  hysterical  subjects. 

An  artificial  spasm  of  accommodation  of  high  degree  combined  with  oontractioo 
of  the  pupil  develops  after  the  instillation  of  a  miotic. 

*[Some  of  the  most  marked  and  obntinate  casea  of  spasm  of  acoommodation   I  have  seeo  hare 
been  in  persona  of  forty-five  and  even  forty-eight  years  of  age. — D.] 

"[And  by  precise  correction  of  the  refraction,  determined  under  complete  atropinisation. — D.] 


PAETV. 
OPERATIONS. 


I52,  The  antiseptic  method,  which  represents  the  greatest  progress 
made  in  surgery  during  recent  times,  has  also  produced  an  essential 
improvement  and  greater  certainty  as  to  results  in  the  special  domain 
of  operations  upon  the  eye.  It  is  therefore  the  first  duty  of  every  oi>er- 
ator  upon  the  eye  to  proceed  in  a  perfectly  aseptic  and  antiseptic  man- 
ner. In  operations  u|>oii  the  eye  we  have  less  to  do  with  antisepsis 
than  with  asepsis:  we  do  not  have  to  disinfect  a  contaminated  wound, 
but  to  make  a  wound  that  is  clean  and  keep  it  from  contamination. 

Contamination  of  the  wound  may  either  be  effected  by  means  of 
the  oj>erator  and  his  instruments  or  it  may  take  its  origin  from  the  eye 
itself  or  its  vicinity.  To  avoid  the  former,  the  hands  of  the  operator 
must  be  well  cleansed  and  then  disinfected  with  a  solution  of  corrosive 
sublimate  {1:2,000}  or  mercury  oxycyanide  (1:1,000),  As  the  operator 
has  to  talk  to  the  patient,  it  is  advisable  for  him  to  wear  a  wire  frame 
covered  with  sterilized  gauze  in  front  of  his  mouth,  to  avoid  infection 
by  drops  falling  from  the  mouth.  The  delicate  instruments  which  are 
used  for  operating  upon  the  eyeball  itself  are  disinfected  by  boiling  in 
a  l-per-cent  solution  of  sodium  carbonate,  in  which  they  do  not  rust. 
To  prevent  infection  of  the  wound  by  the  adjacent  parts  (lids  and  con- 
junctival sac),  the  vicinity  of  the  eye,  and  es|>ecially  the  skin  of  the  lids 
and  tht-  edges  of  the  lids,  should  first  1^  wiped  off  with  a  little  benzine 
in  order  to  remove  the  grease  from  the  skin,  then  thoroughly  washed 
with  soap,  and  finally  bathed  with  the  aljove-mentioned  sublimate  or 
oxycyanide  solution.  For  washing  out  the  conjunctival  sac  we  use  a 
solution  of  one  of  the  mercury  salts,  of  half  the  strength  above  given,  or 
a  physiological  (ü.t>  per  cent«)  salt  solution  which  has  l>een  sterilized  by 
boiling.  The  conjunctival  sac,  however,  affords  special  danger  of  infection 
only  when  decompc>sed  secretion  is  present  in  it  as  a  result  of  disease  of 
the  conjunctiva  or  lachr^^nal  sac.  Hence,  before  every  operation  we  ought 
to  examine  carefully  the  conjunctiva,  and  more  especially  the  lachrymal 
sac,  and  before  proceeding  to  perform  the  operation  we  ought  to  try  first 
to  relieve  by  appropriate  treatment,  any  lesion  of  these  structure«  that 
may  l>e  present.  Those  operations  in  which  the  eyeball  is  opened  require 
special  care  as  regartls  asepsis.  In  such  cases,  therefore,  if  the  conjunc- 
tiva! sac  is  not  clean,  it.s  S4Ha'etioii  should  lie  exaraim^i  for  any  germs  that 
it  may  contain,  and  the  operation  is  to  Ije  performed  only  after  the  pat  ho- 
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ffme  bacteria  (especially  pneumococci  and  streptococci)  have  disappeared 
from  the  secretion. 

So  (ar  as  concerns  the  special  case  of  chronic  dacryocystitis^  its  oom- 
pfete  cure,  unfortunately,  requires  a  very  long  time.  Hence,  in  order  to 
«iTwnpfah  my  purpose  more  quickly,  I  generally  extirpate  the  lachrymal 
aac  one  or  two  weeks  before  the  operation.  If,  however,  there  is  no  ab- 
normal secretion  in  the  lachrymal  sac,  I  content  mjrself  with  splitting  the 
wall  of  the  sac  directly  before  the  operation,  and  after  suitable 
fill  it  with  iodoform  powder.^ 

After  the  operation  an  aseptic  dressing  is  applied.  If  the  operatk» 
ks  upon  the  eyeball  itself,  directly  after  it  has  been  completed  we 
ckee  the  lids  and  place  upon  them  first  a  pledget  of  sterilized  gauze. 
and  upon  this  lay  a  dressing  of  cotton,  which  is  held  in  place  by  a  bandage. 
After  an  operation  in  which  the  eyeball  is  freely  opened  (as  in  iridectomv 
or  cataract  operations).  I  fix  the  mass  of  cotton  in  place  upon  the  eye 
by  means  of  a  strip  of  linen  4  or  5  cm.  broad,  whose  two  endi?  are 
attached  to  the '  cheek  and  forehead  respectively  by  soap  plaster. 
Over  this  is  fastened  a  light  latticed  frame  of  wire  (Fig.  395)«  which 
prevents  the  patient  from  getting  at  his  eye  with  his  finger  and  doing 
harm  by  making  the  wound  burst  open.    Snellen  uses  for  this  purpose 


Fig.  395. — Latticed  Frame  used  for  Dressing  the  Left  £tk. 

TIÜS  is  padded  on  its  edßeH  so  as  not  to  exert  any  pressure.    From  the  two  temporal  extrcfnjtie* 
■M*  tW  bands,  a  and  6.  which  are  carried  respectively  below  and  above  the  left  ear  and  acrosv  the 
Sm^«iI  to  the  rieht  side  of  the  head.    Here  the  two  bands  are  tied  together  after  one  of  them  has  ben 
I  throuKh  the  loop  c. 


a  jJate  of  aluminum,  shaped  like  a  mussel  shell  and  fastened  over  the 
♦V*  with  strips  of  plaster.  [The  same  end  is  accomplished  very  satis- 
bM^orily  by  Ring's  light  pasteboard  mask  (Fig.  396).  This  completely 
«overs  both  eyes,  but,  as  a  window  can  readily  be  cut  in  it,  either  eye 
IMV  be  left  open  when  desh*ed. — D.] 

Anttsihesia  for  operations  upon  the  eyeball  is  effected  by  cocaine,  a 
&Mffs^)ent  solution  of  which  is  instilled  several  times  into  the  conjune- 
^)fal  M€  at  intervals  of  a  few  minutes.  The  solution  should  be  freshly 
MfP»n^  *^^  sterilized  by  boiling.    After  instilling  it  we  must  take  care 

|H^_y  «dvooate  paarin«  a  temporary  ligature  round  each  canaliculus  just  before  the  operation 
H^Qttaekuibo«).— D.] 


EYE  OPERATIONS  IX  GENERAL. 


873 


[that  the  patient  keeps  the  eye  shut,  because  the  frequency  of  winking 
is  diminished  as  a  result  of  the  cocaine  anaesthesia,  and  hence  the  cornea, 
if  uncovered,  is  apt  to  become  dry  upon  its  surface.  Cocaine  anaesthesia 
lasts  about  ten  minutes.  It  affects  only  the  superficial  parts,  like  the 
cornea  and  conjunctiva,  while  the  iris  remains  sensitive.  In  iridectomy, 
for  example^  the  grasping  of  the  eyeball  and  the  incision  are  not  felt,  but 
the  excision  of  the  iris  is  painful.*  In  operations  upon  the  lids,  several 
drops  of  the  cocaine  solution  may  be  in- 
jected beneath  the  skin  of  the  lids,  in 
operations  on  the  eye  muscles  [and  in  iri- 
dectomy for  acute  glaucomal  Ijeneath 
the  conjunctiva.  For  enucleation  co- 
caine is  most  elTective  when  it  is  injected 
in  the  neighborhood  of  the  ciliary  gan- 
glion. A  long  cannula  is  plunged  4,5  cm. 
in  J  at  the  temporal  side  of  the  optic  nerve 
and  nearly  to  the  apex  of  the  orbit.  For 
injection  into  the  tissues,  in  order  not  to 
produce  poisoning,  we  use  a  weaker — L  e*, 
a  l-jjer-cent — solution^  to  which  with  ad- 
vantage may  l>e  added  some  adrenaline 
(two  to  three  drops  of  the  commercial  1 : 
IjOCMJ  solution  to  each  c.c,  of  the  cocaine 
solution).     Adrenaline  is  also  used  if  we  t^**«-  3fcHj.-RiMG*8  Mask  — D.j 

have  to  operate  on  highly  injected  eyes. 

If  these  are  previously  rendered  pale  by  adrenaline»  the  cocaine  acts  better. 
[Guttman  showed  that  by  infiltration-anaesthesia  with  very  w^eak  solu- 
tions of  coeaine  injected  into  the  retrotarsal  folds  the  operations  on  the 
tarsus,  e.  g.,  the  expression  of  trachoma  granules,  can  be  rendered  painless. 
— D].  In  case  of  very  great  sensitiveness  of  the  eyeball  (severe  irido- 
cyclitis, acute  glaucoma)  cocaine  even  with  the  a^istance  of  adrenaline  can 
not  make  the  eye  inseiLsitive  enough  for  security  in  the  performance  of  the 
operation.  In  that  case  general  narcosis  with  chloroform  or  ether  is 
requisite,  and  it  is  likewise  employed  in  major  operations  such  as  enu- 
cleation, etc.,  and  for  children. 

I  S3.  In  regard  to  operations  up&n  the  eyeball  itself  the  following 
principles  hold  good: 

The  separation  of  the  lids  is  effected  by  means  of  lid  specula  (blepha- 
rostats, elevators,  or  ^cart^urs).  There  are  some  which  hold  both  lids 
open  at  once,  keeping  them  apart  by  the  elastic  force  of  a  spring  (spring 
specula;  Fig.  397,  a,  b,  c);  others  which  are  designed  for  one  lid  only  and 
must  be  held  with  the  hand  (Desmarre's  lid  retractor,  Fig.  397,  d).  The 
eyeball  itself  is  fixed  l>y  grasping  a  fold  of  conjunctiva  close  to  the  corneal 


'  (If*  however,  the  pcrfornDAnce  of  the  operHtioa  is  deliiy<»d  loa«  enough  (ten  or  Aft«ea  mtnut««) 
»Iter  the  first  JafltiUfttion  of  cocajii«,  for  the  drugs  to  pmm  through  the  cornea,  the  irifl  also  mfty  oftco  b* 
«cimplete]]f  nitaeBthetiKed,  »ad  indectoiDy  i«  then  perfortaed  abftolutely  withoyt  pftin. — D.] 
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maxgin  with  a  toothed  forceps  (Waldau's  fixation  forceps.  Fig.  397,  e) 
and  holding  it  in  place. 

Since  the  metal  arms  of  the  speculum  exert  a  pressure  on  the  lids 
that  is  unpleasant  to  the  patient,  we  may,  if  we  have  a  skilled  assistant, 
get  him  to  hold  the  lids  apart  with  his  fiingers.  This  is  advisable  moet 
particularly  in  cases  in  which  success  depends  on  our  not  exerting  any 
pressure  on  the  eyeball  (e.  g.,  in  order  to  avoid  escape  of  vitreous),  and  w« 
then  too  abstain  as  far  as  possible  from  grasping  the  eyeball  with  the 
fixation  forceps. 

The  incision  which  lays  the  eyeball  open  is  made,  as  a  rule,  within 
the  limits  of  the  anterior  chamber.  As  this  latter  is  bounded  by  the 
cornea  and  at  its  periphery  by  the  most  anterior  portion  of  the  sclera, 
the  section  may  lie  either  in  the  cornea  or  in  the  sclera.  We  therefore 
distinguish  sections  with  respect  to — 

(a)  Their  p&eüioHj  into  corneal  and  scleral.  These  differ  from  each 
other  mainly  in  the  following  points:  1.  In  scleral  incisions  there  is 
more  tendency  to  prolapse  of  the  iris  than  in  incisions  of  the  cornea 
(for  explanation  of  this  see  page  883).  2.  The  sclera  is  covered 
by  conjunctiva,  and  a  wound  in  the  sclera  can  therefore  be  provided 
with  a   conjunctival   flap  —  a  thing  which   is  not  possible    in  corneal 


[Fig.  397. — Instruments  fob  opening  the  Eye  and  keeping  it  in  place. 

a,  b,  c,  various  forms  of  spring  specula  for  holding  the  eye  open  in  operation!«,  d,  Desmarre's 
elevator  or  lid  retractor,  for  holding  the  Uds  apArt  in  examinations  of  the  eye  and  in  operatioos. 
e   fixation  forceps  for  holding  the  eyeball  steady  in  operations. — D.] 
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sections.  3.  Scleral  wounds  are  less  apt  to  become  infected  than  those 
in  the  cornea,  because  of  the  slighter  tendency  that  the  sclera  exhibits 
toward  puruknt  inflammation.  Hence,  before  the  introduction  of 
antiseptir  methods,  scleral  intision»  gave  bettor  reBults  than  did  those 
in  the  cornea.  At  present,  ^hen  infection  is  avoided  in  every  possible 
way»  this  distinction  is  no  longer  of  so  very  much  weight. 

(b)  In  s/ia;>c,  incisions  may  l^e  linear  or  curved.  The  former  he  in  a 
great  circle  of  a  sphere,  and  hence  form  upon  the  surface  of  the  eyeball 
a  line  which  is  the  shortest  that  can  be  made  to  connect  the  terminal 
points  of  the  section  (co/,  Fig.  398).  The  curved  or  flap  incisions  cor- 
respond to  a  small  circle  of  a  sphere.  Between  the  largest  curved  sec- 
tion [edf\  Fig.  398)  and  the  linear  section  an  infinite  nunxber  of  sections 
{ec},  t'bf)  may  l>e  conceived  to  exist,  constituting  the  transition  forms 
between  the  two.  These  are  curved  sections  of  varying  altitude;  the 
linear  section  forms  their  inferior  limit,  and  may  therefore  l>e  regarded 
as  a  curved  section  whose  altitude  ^==  0.  ilost  of  the  sections  in  general 
use  are  curved  ones,  with  an  arch  of  greater  or  less  altitude.  An  example 
of  a  pure  linear  section  would  lie  the  one  devised  by  Sae misch  for  laying 
open  an  ulcus  serpens»  in  which  the  latter  is  divided  with  a  Graefe  knife 
from  liehind  forward  (§  155).  A  flap  incision,  having  the  ends  of  its 
section  at  the  same  distance  apart  as  a  linear  incision,  will  make  a 
much  longer  wound  than  the  latter,  and,  by  the  lifting  up  of  the 
flap,   the  wound   can   be   made  to  gai>e   more. 

In  making  the  section,  care  must  be  taken 
that  the  knife  is  withdrawn  from  the  wouml 
slowly,  so  that  the  aqueous  may  escape  as  grad- 
ually as  [xissible.  In  this  way  we  avoid  the  evil 
results  which  too  rapid  escafie  of  the  aqueous 
often  entails,  such  as  extensive  prolapse  of  the 
iris,  subluxation  of  the  lens,  prolapse  of  the  v\t- 
reous»an€l  int  ra-ocular  hemorrhage.  Slow  escape 
of  the  aqueousis  particularly  important  if  an  0{>er- 
ation  is  done  when  there  is  increa.se  of  tension. 

In  completing  the  operation  the  greatest  attention  must  be  paid  to 
having  the  iris  in  proj^r  position.  Under  no  circumstances  should  the 
iris  be  left  incarcerated  in  the  wound.  In  cases  in  which  an  iridectomy 
has  not  been  made,  incarceration  takes  place  because  either  the  out- 
gushing  aqueous  or  the  lens  that  is  puslied  out  by  the  pressure  forces  the 
iris  into  the  wound.  If  an  iridectomy  is  made,  the  iris,  which  is  gi'asped 
by  the  forceps  in  front  of  the  wound  (Fig.  400,  fin),  is  cut  off  flush  with 
the  latter.  When  this  is  done  of  course  the  part  of  the  iris  that  lay  in  the 
tract  of  the  w^ound  at  the  moment  of  the  excision  is  left  behind  in  the  w^ound. 
If  during  the  excision  some  traction  is  made  on  the  iris,  tlie  portion  of  the 
iris  that  stilt  lies  inside  of  the  anterior  cliamber  is  put  on  the  stretch.  This 
tensiim  ceases  when  the  iris  is  excised,  so  that  the  iris  that  is  left  behind 
can  contract  and  thus  the  portion  lyins?  in  the  channel  of  the  wound  can 
retract  into  the  anterior  chamlM?r.     This  retraction  takes  place  particu- 
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larly  well  if  a  powerful  contraction  of  the  sphincter  pupillae  aids  it,  althoogji 
the  sphincter  has  naturally  lost  much  of  its  strength  on  account  of  the 
excision  of  a  piece  involving  a  solution  of  continuity.     Very  frequently, 


Fio.  399  a 


Fxo.  399  A. 


Fio.  399  B. 


Fio.  399  A.— Normal  Position  of  the  Iris.  Magnified  2X1.  The  flap  inomoa  f ortki  »- 
traction,  S  Si,  lies  in  the  sclera.    The  angles  of  the  sphincter,  a  and  at,  are  both  low  down. 

Fig.  399  B. — Incarceration  or  the  Iris  in  the  Wound  (after  a  Corneal  Flap  EIxtkacthtv^. 
Magnified  2X1.  The  flap  incision  for  the  extraction.  »  n,  lies  in  the  cornea.  The  iris  is  Tiaibk  ai  a 
dark  nodule,  t,  in  the  wound,  and  the  angle,  ax,  of  the  sphincter  on  the  same  aide  appears  draws  vp  ia 
comparison  with  that  of  the  other  side,  which  is  in  its  proper  position. 

Fig.  399  C. — Incarceration  of  the  Iris  (after  Linear  Extraction).  Macnifi«!  2 XL 
The  pupil  is  drawn  toward  the  cicatrix.  N. 

however,  these  factors  do  not  suflSce  to  draw  the  iris  back  from  the  wound 
into  the  anterior  chamber.  If  then  the  iris  is  not  pushed  back  by  the 
operator  into  the  interior  of  the  eye,  it  remains  in  the  wound. 


Fig.  400. 


Fio.  401. 


fnsped 
iris  fyini 


Fio.  4(X). — Position  of  the  Iris  dcrino  Iridectomy.  Magnified  2X1.  The  forceps  has 
^-  .d  the  iris  near  the  pupillary  margin  and  has  drawn  it  out  of  the  wound,  a  a.  The  portico  of  the 
iris  ^ng  outside  of  the  eye  is  tent-shaped.  The  pupillary  margin  forms  the  two  aides  of  the  entraact 
to  the  tent,  and  between  can  be  seen  tne  posterior  aspect  of  the  iris — the  retinal  pigment  of  the  latter 
— lining  the  inside  of  the  tent. 

FiQ,  401. — Inclusion  of  both  Limbs  of  the  Coloboma  in  the  Scar.  Magnified  2X1.  The 
operation  scar  is  solid  and  smooth  and  nowhere  shows  any  included  iris.  The  inclusion  of  the  iris  is 
recognised  only  from  the  drawini^  up  of  the  pupil.  The  angles  of  the  sphincter  are  not  to  be  seen  oa 
either  side,  but  the  pupillary  portion  of  the  ins  extends  like  a  garland  from  one  side  to  the  other  above, 
and  the  fibers  of  the  ciliary  portion  are  put  greatly  on  the  stretch  in  a  vertical  direction. 


Incarceration  of  the  iris  in  the  wound  is  manifested  by  different  signs, 
according  to  the  extent  to  which  the  iris  is  protruded.  If  the  iris  had 
pushed  its  way  through  the  wound  to  the  outside,  it  becomes  visible  as 
a  dark  swelling  or  nodule  either  in  the  middle  of  the  section,  or,  if  some 
of  the  iris  has  been  excised,  at  one  or  both  ends  of  it  (i.  Fig.  399  B).    The 
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condition  when  the  iris  does  not  protrude  from  the  wound,  but  is  merely 

jammed  in  between  the  internii!  lipH  of  the  latter,  is  recoj2;nized  by  the 
displacement  of  the  pupiL  The  latter  in  case  no  iris  ha.s  been  excised  is 
pear-shaped  with  its  apex  directed  toward  the  scar  (Fig.  399  C)  just  m 
after  perforating  ulcers  of  the  cornea  with  inclusion  of  the  iris  (Figs.  91 
and  117A).  After  operationH  of  this  sort,  in  which  the  iris  has  l>een  excised, 
the  l>oundary  between  the  jiupil  and  tlie  eolobonia  is  marked  by  two 
projecting  angles,  forming  what  are  called  the  angles  of  the  spliincter 
(Fig.  399  A,  a  and  aj).  These  represent  the  spot  where  the  margin  of  the 
pupil  pa^sses  into  the  lateral  limits  (*Mimbs*')  of  the  coloboma.  When 
the  iris  is  free,  the  angles  of  the  sphincter  are  directly  opposite  one  another, 
and|  moreover,  lie  in  the  circular  line  which  the  margin  of  the  pupil  would 
form  if  still  intact  ('*the  angles  of  the  sphincter  are  low  down,"  Fig.  399  A). 
But  if  the  iris  is  incarcerated  in  the  wound,  the  corresponding  limb  of 
the  coloboma  is  thereby  .shorteneil,  and  the  angle  of  the  sphincter  looks 
as  if  drami  up  (**the  angle  of  the  sphincter  is  higher."  Fig.  399  B,  «i). 
The  angle  of  the  sphincter  may  be  pushed  up  so  far  that  it  is  not  visible 
at  all  and  if  this  is  the  cast*  with  both  sphincter  angles  the  entire  pupil 
is  markedly  displaced  toward  the  margin  of  the  cornea  (Fig.  401), 

Inclusion  of  the  iris  in  the  wfjund  is  accompanied  by  evil  conse- 
quences of  many  kinds.  The  healing  of  the  wound  is  interfered  with 
by  inHaramatory  irritation,  and  is  protracted.  The  cicatrix  is  less  solid 
and  regidiu-  in  its  formation,  and  may  become  ectatic,  and  later  on  the 
inclusion  of  the  iris  may  give  rise  to  increase  of  tension,  to  inllammation, 
and  even  to  sympathetic  disease  of  tht^  other  eye.  To  avert  these  results 
every  attempt  must  l>e  made,  after  completing  the  operation,  to  release 
the  iris  from  its  condition  of  incarceration,  and  to  put  it  in  the  proper 
position.  This  is  done  by  entering  the  wound  with  a  spatula,  and  stroking 
the  iris  with  it  back  into  the  antorif>r  chaml'er.  Should  tliis  attempt  be  un- 
successful, or  should  the  iris  after  replacement  again  prolapse  into  the  wound, 
the  incarcerated  portion  of  the  iris  must  be  pulled  out  grasped  and  excised, 

Hemorrkatfe  into  the  anterior  chamber  occurs  in  those  ojierations 
that  cause  injury  to  vascular  tissues  like  the  sclera  and  iris.  If  the 
iris  is  healthy,  it  hardly  bleeds  at  all  ufinn  being  cut  through,  since  its 
vessels  close  very  rapidly  from  contraction  of  their  walls.  But  in  those 
cases  in  which  an  operation  is  done  upon  a  diseased  iris  (as  in  iritis» 
glaucoma,  and  atrophy  of  the  iris),  copious  bleeding  often  takes  place 
from  the  iris,  so  that  the  whole  anterior  chamber  fills  with  blood.  The 
lileeding  is  disagreeable,  l>ecause  it  prevents  the  operator  from  inspect- 
ing the  interior  of  the  eye;  but  in  otherwise  healthy  eyes  it  generally 
produces  no  other  disadvantage,  as  the  lilood  is  absorbed  again  within 
a  few  days.  But  in  eyes  where  the  iris  is  diseased  not  only  is  the  hem- 
orrhage more  extensive,  but  in  addition  the  blood  takes  a  longer  time^ — 
fiometimes  in  fact  months — to  disappear  by  resorption;  for,  it  is  pre- 
cisely in  such  ca^es  as  these  that  the  whole  metabolism  of  the  eye  is 
seriouslv  affected. 
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Hemorrhage  from  divided  vessels  shoulci 
those  intra-ocular  hemorrhages  which  are  ca 
very  great  reduction  of  ocular  tension  in  con; 
— either  from  escape  of  the  aqueous  or  rem 
now  blood  pours  in  greater  quantity  into  th< 
retina  and  makes  them  rupture.  Such  hem< 
be  anticipated  when  operations  are  done  in  t 
tension,  in  which  case  the  vessel  walls  are  of 
in  glaucoma  small  retinal  hemorrhages  after  i 
(see  page  490).  In  rare  cases,  blood  escapes 
quantities  that  it  pours  out  into  the  vitreous 
In  the  latter  case  the  chorioid  is  detached  froi 
and  indeed  when  the  hemorrhage  is  very  great 
the  contents  of  the  eyeball  are  expelled  from 
(**  expulsive*'  hemorrhage)  and  then  the  blc 
wound.    Such  an  eye,  of  course,  is  lost. 

154.  The  after-treatment  of  an  operation 
been  opened  must  be  mainly  directed  to  th 
that  might  interfere  with  the  rapid  and  permai 
For  this  purpose  the  eye  operated  upon  is  ba 
stop  to  the  movements  of  the  lids;  and  in  op 
the  eye  not  operated  upon  should  also  be  kept  s 
the  method  of  applying  the  dressing  and  for  r 
general  see  page  52].  Furthermore,  the  patiei 
ical  exertion,  as  by  this  the  ocular  tension  is  i; 
agglutinated  wound  might  be  forced  open  aj 
operations  (iridectomy  or  cataract  extraction^ 
stay  flat  on  his  back  in  bed  for  the  first  day, 
is  permitted  to  be  up  in  an  arm-chair.  For  the  : 
only  soft  diet,  so  as  to  obviate  the  exertion  of 
cautions  to  Ix?  observed  in  post-operative  treat: 
these  precautions  are  observed  the  course  c 
plaiv  as  follows:  The  edges  of  the  wound  1 
after  the  o|)eration.  and  the  anterior  chamber 
happens  that  the  recently  agglutinated  woui 
stund  the  pressure  of  the  accumulated  aque< 
the  tirst  day  opens  oni*e  or  twice  and  allows  th 
a  jH^rmanent  oU^^sure  of  the  wound  has  taken 
wound  then  heal  by  indirect  union,  so  that  a  fir 
If  ;his  lies  in  the  cornea,  it  remains  visible  alv 
tkhilo  oioatriivs  in  the  solera  are  as  a  usual  t 
alTtT  s^>UH^  linn^  has  elapsed.  It  always  take 
cicatrix  to  Un^ome  suificiently  firm  to  be  able 
Vutil  this  has  iH'ourreii  vthat  is.  for  several  wi 
to  th<"  sire  of  the  wound),  the  patient  must  ref 
<«a  exertion,  awid  making  any  pressure  upon 
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Variations  from  the  course  of  healing  just  described  not  infre- 
quently occur.     Disturbanees  of  healing  most  frer|uentiy  observed  are — 

L  Irregulnr  Healing, — The  closure  of  the  wound  may  be  delayed, 
and  the  anterior  chamber  remain  obhterateil  for  days.  Still  more  fre* 
quently  it  happens  that  the  wound,  after  it  has  already  heen  closed ♦  is 
burst  open  again  by  an  external  injury,  such  as  pre^vsure  of  the  hand  upon 
the  eye,  coughing,  sneezing,  spasmorhe  tremor  in  sleep,  and  the  like. 
This  *^ bursting  of  the  wound''  is  ordinarily  followed  by  extravasation  of 


m 


w^-^ 


9)Hk402. —  IWCLCHIO^  OF  TUB    IllIS    WITH    Gy«TOI0    CiCATRltATIOH    ArTHlt   THE   ExTÜAtTlON    OF 

•ÄttMtBBv^TAHat'T  Magnified  I'i  Xl-  The  iri«,  /.  exteada  from  it«»  oririn  in  the  {-Umry  body,  C,  lu 
'  QwwBiForlfici*  of  the  wound,  «o  that  h^re  the  »ntnrior  Rhamber  ia  contrjwti'd  int )  h  tiÄfrow  slit.  TH« 
iri«  within  the  trart  of  the  wound  is  folded  upon  it»pU,  Ihe  point  of  flvkioti  eorroapoadiafc  to  th«  etteKor 
Hurfttce  of  tht"  mrlorn,  The  pupülary  portion.  P,  of  them«  cMtrndia  fmra  tho  itilv  of  tht*  const  ri<tiMQ  into 
the  unlcrior  chamhcr,  whore  it  liM  free,  Onila  antehur  rurfnc«  may  be  aeen  th«  entranc*'  of  a  crA-pt. 
aeaf  it»  poetrnor  «urfar^  ihi*  crcjBs  sort  ion  uf  the  sptiinrtcr  ptipilt».  BcÄide»  tfi«?  irirt^  the  cApsukv  «»  of 
(he  len*.  \a  also  drawn  up  in  Üw  ^•i^'Ätriit,  »od  ha«  becf^me  adherent  to  it.  Tke  «?ction  by  which  the 
rxtracliun  wiui  maile  ruts  in  two  the  line  of  junction  bf^tween  the  nclera.  *S,  and  the  rtirnea.  //.  *w>  thut 
by  its  anterior  half  it  lie»  iti  the  sclerftt  f>y  its  pqÄterior  l*ftlf  in  the  cornea.  On  account  of  ihe  intvrpo»i- 
tion  of  tht"  in«,  the  lip«  of  the  wound  have  not  united,  in  fart,  the  tract  of  the  wound  ei£ti?pd^  m»  mii  open 
cavity,  A,  even  initi  tht*  liesuc  of  the  conjunctiva  uf  the  limbui»,  !♦  ao  that  the  wound  i«  cIumh]  only  by 
lb  very  thin  layer  of  tissiue. 


blooti  into  the  anterior  chamber.  The  iria  also  may  hf*  swept  into  the 
wound  and  incarcerated  there,  or  inflammation  (iriducylitis)  may  set  in. 
Another  way  in  which  the  healing  of  the  wound  may  be  interfered  with 
consists  in  the  fact  that  the  t^dges  of  the  wound  tlo  not  adhere  to  one 
another  directly^  Ijut  arc  united  by  an  interposed  cicatricial  raas.s  of  recent 
formation.  This  is  most  frequently  the  case  when  direct  contact  of  the 
edges  of  the  wound  is  prevent^ed  by  the  presence  of  an  incarcerated  iris 
or  lens  capsule,  but  it  may  ^Iso  occur  when  there  is  an  increase  of  tension 
by  means  of  which  the  wound  is  made  to  gape  and  is  thus  kept  open.  In 
these  cases  the  scar  that  is  formed  is  less  firm,  and  in  fact  a  small  portion 
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of  it  may  remain  entirely  open,  so  that  the  aqueous  keeps  ooring  through 
it  beneath  the  conjunctiva  and  makes  the  latter  oedematous  (qfstoii 
cicatrization,  Fig.  402).  The  scars  which  have  not  sufficient  firmnesi 
frequently  become  ectatic.  This  has  as  its  immediate  consequence  an 
irregular  bulging  of  the  adjoining  parts  of  the  cornea,  so  that  the  resuhs 
of  the  operation,  as  far  as  vision  is  concerned,  are  impaired  by  the  pres- 
ence of  high  astigmatism.  Later  on,  cystoid  or  ectatic  scars  may  give 
rise  to  elevation  of  tension  or  to  inflammation. 

2.  Suppuration  of  the  Wound. — This  usually  begins  in  one  or  two 
days  after  the  operation,  rarely  later.  If  the  germs  have  made  their 
way  into  the  lips  of.  the  wound  itself,  the  inflammation  shows  itself  by 
a  yellow  infiltration  of  the  edges  of  the  wound;  but,  if  the  germs  have 
been  introduced  into  the  deeper  parts — anterior  chamber  or  vitreous—, 
the  inflammation  begins  with  an  exudation,  which  is  ix)ured  out  into 
the  interior  of  the  eye  and-which  is  first  fibrinous,  but  very  soon  becomes 
purulent.  It  is  only  in  the  rarest  cases  that  such  an  inflammation  is 
arrested  so  quickly  that  the  eye  retains  some  visual  power.  The  rule  is 
that  the  eye  is  destroyed  either  by  suppuration  of  the  cornea  or  by  t 
severe  plastic  irido-cy cutis  or  by  an  actual  panophthalmitis.  The  out- 
come is  atrophy,  or,  if  panophthalmitis  is  superadded,  phthisis  of  the 
eyeball.  Suppuration  of  the  wound  is  most  apt  to  set  in  after  cataract 
extractions,  and  formerly  was  the  most.frequent  cause  for  the  develop- 
ment of  blindness  in  an  eye  which  had  been  operated  upon  for  cataract. 
We  now  know  that  suppuration  of  the  wound  is  the  consequence  of  in- 
fection of  the  wound;  and  by  the  application  of  antiseptic  methods  the 
number  of  cases  in  which  suppuration  takes  place  can  now  be  reduced 
to  a  minimum. 

3.  Nonsuppurative  Inflammation  of  the  Uvea. — Iritis  and  irido- 
cyclitis occur  very  frequently  after  operations  in  which  the  eyeball  has 
been  opened.  In  most  cases  there  is  simply  a  slight  iritis,  which  does  no 
harm  beyond  that  induced  by  the  persistence  of  a  few  posterior  synechia. 
But  in  the  severe  cases  the  inflammation  leads  to  occlusion  of  the  puf»!. 
and  either  necessitates  a  secondary  operation,  or  actually  terminates  in 
incurable  blindness  due  to  atrophy  of  the  eyeball.  In  cases  of  the  latter 
sort  there  is  also  a  danger  of  sympathetic  disease  of  the  other  eye.  Slight 
inflammations  of  the  iris  may  be  produced  by  infection  of  a  particularly 
mild  character;  but  in  other  cases  they  are  to  be  regarded  as  purely  trau- 
matic, being  caused  by  the  way  in  which  the  iris  has  been  grasped  and 
pulled  upon  or  by  the  fact  that  portions  of  the  lens  which  are  left  behind, 
or  similar  substances,  produce  mechanical  or  chemical  irritation  of  the 
iris  (see  page  35).  Severe  inflammations  depend  either  upon  infection 
or  upon  a  lighting  up  of  old  inflammation,  as  when  an  operation  is  done 
in  an  eye  which  was  formerly  the  seat  of  an  irido-cyclitis. 

In  former  times  much  more  importance  was  attached  than  now  to  the  shape 
and  ix)sition  of  the  section,  especially  in  cataract  operations,  the  hope  of  a  happy  result 
bcüng  based  solely  upon  the  proper  performance  of  the  section.     Starting  with  th'w 
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view,  oba<?r\-er8  demised  ii  gmat  number  of  difT<*rpiit  nu^thodn  of  oi>pralmg  whirli  havo 
already,  in  part  at  leitst»  fallen  into  oblivion.  At  flu-  present  time  we  know  that  the 
riRorous  earrying  out  of  asetwis  and  antisepstis  in  the  operation  and  aft^r-treatmeut  la 
of  much  gn*ater  signüieancc  than  the  choice  of  a  method  of  operating.  Any  section 
that  is  of  the  necessary  size  and  is  suitable  in  position  gives  good  results,  if  in  other 
respects  we  proceed  with  the  most  scrupulous  cleanliness.  In  eye  operations  this  is 
doubly  important,  since  the  rcf^ult  that  we  seek  is  attained  only  if  healing  by  first  tn 
tention  is  secured.  When  an  amputation  wound  does  not  heal  by  first  intention,  but 
by  suppuration,  tliis  accident  usually  tloes  the  patient  no  harm  beyunil  prolonging  Km 
stay  in  bed;  but  if  suppuration  ensue??  instead  of  primary  union  after  an  iridectomy  or 
cataract  operation»  the  eye  is  lost,  which  for  an  operator  upon  the  eye  is  the  same  thing 
as  the  death  of  a  patient  would  be  for  the  surgeim. 

In  cleansing  the  eye  before  the  operation,  we  may  employ  quite  strong  antiseptio 
solutioiis  for  the  parts  surrounding  the  tjye.  For  the  conjunctiva  the  stronger  anliseptic 
oolutions  are  contraindieated;  obviously  so,  because  they  iiroduce  a  marked  irritation, 
or  actually  a  traumatic  conjunctivitis  associatetl  with  considerable  secretion.  But  if 
we  employ  the  antiseptics  in  a  degree  of  concentration  that  is  well  bonie  by  the  eye, 
they  liave»  owing  to  the  brief  periofl  of  their  action,  no  bactericidal  effect.  All  investi- 
Kators  have  arrived  at  the  same  result,  namely,  that  by  these  agents  wo  can  simply 
diminish  the  number  of  the  germs  present,  but  can  not  annihilate  them  completely» 
We  get  the  same  result  by  emj>loying  indifTerent  sterile  lifptids,  particularly  if  at  the 
same  time  we  remove  the  adherent  mucus  from  the  surface  of  the  conjunctiva  [and  cor- 
neaj  mechanically — ^i.e.,  by  wiping  it  with  moistene<l  pledgets  of  cotton.  Hence,  if  the 
conjunctiva  is  normal,  I  use  sinjply  a  physiological  salt  s*«lution  which  has  b«'en  sterilizctl 
by  boiling,  and  employ  a  sublimate  solution  (1:  4000)  only  in  those  cases  in  which  the 
conjunctiva  iö  diaeased  {catarrh^  traehoma). 

As  the  eonjuncliva  even  after  carefid  cleansing  often  stiÜ  contains  germs,  we  might 
think  that  the  infection  of  recent  wounds  would  neeeHsarily  Ije  very  frequent.  For- 
tunately, however,  at  the  pre.sent  time  infection  of  wounds  is  only  of  except ioiml  occur- 
rence, so  tliat  evidently  the  genns  of  the  conjunctival  sac  are  not  to  be  greatly  drtmded. 

Any  disease  of  the  lachrjmial  sac^  on  the  other  hand,  is  very  dangerous,  and  many 
Ä  cataract  operation  has  gone  wrong  l>ecause  such  a  dise^ise  hai*  lieen  overlooked. 
Hence.  Ijefore  ever>'  cataract  operation  or  iridectom^^  we  ought  to  exanune  the  tear 
f>assage8  carefully,  and  tf  there  is  anything  in  the  le4ist  suspicious,  test  their  pervioim- 
ness  by  passing  liquid  through  them. 

The  infection  of  wounds,  furthermore,  as  experiment  also  has  proved,  often  oecura 
from  contjimitmied  instruments;  and  it  is  to  the  sterilisation  of  tliese  that  our  atten- 
tion ought,  aliove  all,  to  Ix?  directed. 

In  judging  of  the  size  and  position  of  any  particular  form  of  section,  not  only  the 
o^uler  tnid  visihh  unmrnl  but  also  the  intermtl  one  must  h»e  taken  into  cfinsideratii»n. 
I'hat  the  hitter  is  of  a  diff'erent  size,  sliape,  and  jxjsition  from  the  external  wound  arises 
from  the  fact  that  in  most  methotla  of  performing  the  section  the  knife  dividtw  the 
tunics  of  the  eye  obliquely  (Fig.  404,  /  and  P).  This  is  particularly  the  ca^^e  with  the 
wounds  made  by  the  lancenshaped  knife.  Even  if  at  first  we  plimge  the  lance  knife 
in  perjxsfidicularly,  we  must  still,  as  soon  as  its  point  h/is  entered  the  anterior  chandler, 
ehange  its  position  so  that  it  shall  Ik*  pushed  along  parallel  with  the  iris,  as  otherwise 
we  should  get  into  the  iris  and  lens.  The  inner  oritiee  of  the  qpction  (Fig.  403,  i  i) 
therefore  lies  nearer  the  center  of  the  cornea  than  does  its  outer  orifice  (Fig.  403,  a  a). 
For  this  reason  sections  wdiose  outer  orifice  lies  in  the  sclera,  and  which  hence  are  usu- 
ally regarded  as  scleral  siiHiions.  nevertheless  by  their  inner  segment  lielong  to  the 
cornea  (/,  Fig.  404).  A  further  fact  contributing  to  this  relation  l^ietween  the  external 
and  internal  .sections  is  tlmt  the  sclera  overlaps  the  cornea  exteraally,  and  the  latter 
therefore  in  its  inner  layers  extentls  farther  toward  the  peripher>*  than  can  be  seen 
from  the  outside.  Hence,  even  sections  that  are  fairly  per|)cmdieular,  like  those  made 
in  performing  cataract  extraction  with  a  Gniefe  knife  (Fig.  402),  are  in  great  part 
.located  in  corneal  tissue.     This  fact  tliat  the  internal  wound  is  less  peripherally  situ- 
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Etef!  than  the  external,  must  be  taken  into  account 
example^  we  desire  to  excise  the  iris  up  to  a  certain  8 
comea  at  a  point  directly  opposite  the  latter,  but 
farther  toward  the  periphery,  so  that  the  internal  wou 
the  iri^  19  to  be  cut  off. 

The  internal  wound  is  also  of  less  length  than  the 
This  fact  also  must  be  taken  into  consideration,  partic 
which  (^1%  must  be  taken  that  not  only  the  external  b 
be  large  enough  to  allow  the  cataract  to  pass  through. 

The  Mique  course  of  the  wound  through  the  tunio 
the  tendency  of  the  wound  to  gape.  It  was  said  above  1 
Un*»*ir  wounds;  but  the  tendency  toward  gaping  depeo 
wound  traverses  the  tunics  of  the  eye  perpendicularl; 
more  particularly  the  case  in  sections  made  with  Gn 
passes  through  the  cornea  or  sclera  from  within  outwa 
tions  made  with  the  lance  knife.  Sections  of  the  forme 
retraction  of  the  edges  of  the  wound.  Wounds,  on  tJ 
with  the  lance  knife,  and  pass  obUquely  through  the 
beoaujse  the  lips  of  the  wound  dose  upon  one  anoth 


Fla.  403. — Iridectomy  in  a  Cask  op  Increase  op  Te! 
oriScc  of  the  wound  situated  in  the  sclera;  »  »,  internal  orifice  si 
Id  ordi^r  to  represent  these  relations  a  correctly  performed  iric 
R^diiver*  Kad  tne  exact  position  of  the  orifices  of  the  wound,  pi 
liui  drawing. 

«effected  by  the  intra-ocular  pressure.  This  latter  is  exe 
point  of  the  internal  surface  of  the  eyeball.  It  presse 
Up  of  the  wound  (a,  Fig.  404)  as  upon  the  anterior  (I 
against  the  latter.  To  this  valve-like  closure  of  the  w« 
that  the  aqueous  does  not  escape  after  paracentesis  ol 
withdrawn  cautiously,  and  without  pressure  or  rotatio 
must  be  made  to  gape  before  the  aqueous  (or,  in  simple 
of  lens  matter)  can  be  expelled.  It  would  be  a  mistake 
either  upon  the  centel*  of  the  cornea  or  upon  the  scler 
increase  the  intra-ocular  pressure  by  that  which  is  exc 
push  the  posterior  Up  of  the  wound  still  more  strongly 
very  strong  pressure,  by  which  the  Ups  of  the  wound  w« 
would  the  wound  gape  open.  The  prop)er  procedure,  ra 
lip  of  the  wound  (c.  Fig.  404)  with  a  DavieFs  scoop,  an 
The  firm  closure  of  the  wounds  made  with  a  la 
of  prolapse  of  the  iris.  How,  then,  does  prolapse  of  i 
cornea  has  been  perforated  at  any  spot,  the  aqueous  fl 
this  point,  because  here  the  ocular  tension  has  sunk  to 
to  that  of  the  external  air).  The  fluid  of  the  anteric 
opening  without  obstruction;  but  the  fluid  of  the  poste 
ing,  must  first  pass  through  «the  pupil.  Let  us  assume 
margin  of  the  cornea  (/,  Fig.  404).    In  this  case  the  1 
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of  the  po«Lerior  chamber  would  flow  toward  th<*  opf'Tiing  directly  through  the  pupil, 
hi-miLsi'  X\m  is  Us  ahurteat.  way,  Thr»  ctyte  ii*  otherwise  with  the  nam\  ponkm  of  the 
elKtrnber,  whieb  lies  iumiediately  opposite  the  opetiiuj?.  Here  Roing  ihrouj^h  the  pupil 
int*4in>i  tiikitiK  a  routidafcxiut  way^  which  is  the  more  eirciiitoua  the  farther  tlie  opening? 
Uey  toward  the  i>eriphery.  The  arjueouH  wilt  therefore  tend  to  take  the  Rhorix»si  way 
and  rush  straight  forwani  toward  the  ofM^nioKt  pushing  the  iris  before  it.  In  the  Ian- 
pruage  of  physics  J  rhe  i>0-steri  or  .surface  of  the  iris  iHsubjectwi  to  the  pressure  of  that  por- 
ti*>ri  of  the  aqarHHts  whieh  has  not  j'el  eiwaped  (d,  Fig.  404).  On  the  other  hand,  the 
presf^ure  up>ri  the  anterior  nurfaee  uf  the  iris  has  become  aero,  and  the  iris  oonscrpiently 
\h  pushet!  against  and  into  the  opetiing.  Tliis  Is  the  way  in  which  a  prolapae  of  the  iris 
originale>i,  the  prohipse  being  nothing  but  a  aac  ranaiating  of  irtä  and  filled  with  the 
litpiid  of  the  p<jsterior  ehamber. 

The  lian^ir  of  a  proiaptte  nf  the  I'm  occurring  is  greater— L  The  grea.ter  the  rapid- 
ity with  which  tht*  acpieous  escap**«,  beeau^ne  then  proportionately  lej^  time  is  allowtMl 
the  lifiuid  of  the  ixisterior  chamber  to  make  the  circuit  by  way  of  the  pupil.  Hence 
the  rule  that  in  making  the  aeetion  the  atiueous  should  bt*  allowed  to  flow  off  a.s  nlowly  as 
possible.  2.  The  higher  the  ocular  tension,  because  then  the  difference  betw^een  the 
pressure  in  the  ant4?rior  chamber  which  has  been  emptiefl  and  the  posterior  chamber  wluch 
iS  full  becomes  so  much  the  greater.  When  an  iridectomy  is  made  in  glaucoma,  a  con- 
siderable c>xtent  of  the  iris  usuallj'  at  once  protrudi?«  from  the  wound.  3.  The  further 
the  wound  lies  toward  the  periphery,  for  then  the  route  which  the  aqueous  haa  to  take 

^^^  Flo.  401. — Obuqt'k  Coür«k  of  thk  Sect^ios  thbofgh  tbk  TumcR  or  thb  Etc.    Sc?fBiiA'nr» 

W  /,  8«*r!t.itin  for  iridert«irn>%  Kving  oJtlprnally  in  tho  «cJcra.  ior^^riiBJIy  in  the  cornea.     P»  neclian  for  p«ni- 

'  cpntcsiü^  a  p<*riphpriil;  h.  central  tip  of  the  wuynd. 

through  the  pupil  is  just  so  much  the  more  circuitous,  and  there  is  a  proportioaalx*  in- 
crease in  the  dejith  of  the  i>osterior  chamber  at  the  spot  corresponding  to  the  section 
and  in  the  quantity  of  af|ueous  that  acts  to  pnjpel  the  iri»  forward.  4.  Aeeording  to 
the  size  and  sha|M-  of  the  afjcrture,  since  these  conditions  !ik<»wme  have  an  elT^^ct  in 
protlucing  prolapse  of  the  iris.  It  ia  evident  that  the  opening  must  bo  of  a  certain  size 
for  the  iris  to  enter  it  at  alL  Again,  if  the  aperture  is  cireuhtr— as  is  the  case,  for  ex- 
ample, after  pt^fftration  of  an  uieer  of  the  cornea  lias  tiiken  place — prolapsi*  of  the  iris 
will  assuredly  not  fail  to  develop,  f>n  the  other  hand,  wounds  with  a  vah^dar  (Insure, 
such  as  those  mjMic  with  the  lance  knife,  display  a  comparatively  slight  liability  to 
inchision  of  the  iris.  We  therefon*  try  to  anticipate  the  occurrence  of  perforation  of  an 
ulcer  by  making  paracentesis  with  the  laiice  knife,  in  order  t<>  avoid  prolapse  of  the  iria 
and  the  anterior  synechia  that  results  from  it, 

Pn]jlat>He  of  the  iris  may  occur  not  on\y  tluring  the  operation  but  afterward  also. 
We  may,  for  example,  have  succeeded  in  avoiding  the  development  of  prolapse  during 
the  operation,  or  have  removed  it  if  it  has  dcveloi>ed;  and  yet  on  the  next  day,  when 
we  change  the  dressing,  we  may  und  the  iris  f>roIa|»sed  into  the  wound.  This  occur- 
rence is  due  f**  the  fact  that  the  n^'ontly  agglutinated  wound  has  rcHjpened,  and  the 
moment  this  took  place  the  same  conditions  favoring  prolapse  of  the  iris  were  supplied 
as  at  the  instant  of  the  operation  itself. 

Prolapse  of  the  iris  and  its  incarceratior*  in  the  operation  woimd  must  be  avoided 
at  any  cost.      If  we  are  dealing  with  wounds  in  which  there  is  but  little  tendency  to 
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probipse,  tt  is  sufficient  to  carefully  replace  any  iris  tl 

the  operation.    But  if  the  section  is  of  such  a  character 

mto  it  i&s,  for  instance,  is  the  case  with  a  large  scleral 

Iris  affords  no  security  against  prolapse;  this  may,  and 

sequent  K%    In  these  cases  the  only  resource  is  excision  ( 

probpec?    Is  it  perhaps  because  all  the  iris  is  remov< 

mu>  the  wound?    If  that  were  the  case,  the  iris  would 

entire  extent  of  the  wound — that  is,  often  for  a  consi< 

by  any  means  necessary.    As  a  matter  of  fact,  iridec 

iris  beeau:^  it  puts  the  posterior  into  direct  communica 

at  the  Bite  of  the  wound^  so  that  the  fluid  which  reaccun 

^ean  flow  directly  toward  the  oi>ening  of  the  wound  wi 

¥ot  this  purpose  a  narrow  iridectomy  or  even  a  very  i 

^  the  ins  Is  all  that  is  necessary  [see  page  907  and  §  : 

An  G&c&pe  of  aqueous  after  the  cornea  has  been 

tlonate  contraction  upon  the  part  of  the  capsule  of  tl 

eyeball  were  perfectly  rigid,  like  .a  metallic  capsule,  foi 

would  escape  from  the  orifice  which  had  been  made; 

to  be  made  in  another  spot  before  it  could  do  so.    In  ad 

of  the  tunics  of  the  eye,  the  pressure  of  the  external  oc 

sure  of  the  lids  upon  the  eye,  contribute  to  reduce  tb 

eyeball.    Another  factor  contributing  to  the  same  result 

formed  by  the  lens  and  zonula  is  yielding  enough  to 

f)f  the  aqmK)us.    In  old  persons,  the  capsule  of  whose 

lie  deep  in  the  socket,  so  that  the  lids  and  muscles  ha 

the  cornea  after  the  escape  of  the  aqueous  (especially  if 

lime)  is  often  pushed  in  by  the  external  atmospheric  pi 

joa^urenee  is  favored  by  the  diminished  thickness  of  t 

fcj  nJie  use,  during  the  operation,  of  cocaine,  which  re 

lapse  dS  the  cornea  was  formerly  looked  upon  as  an  ( 

•the  precvii*e  apposition  of  the  hps  of  the  wound,  and  it 

nf  the  wound  was  thus  produced.    We  now  know  that 

respect  affected  by  a  collapse  of  the  cornea.    The  coli 

at^ueoiis  reaccumulates,  which  is  generally  the  case  su 

tlie  ofieration.    [If  this  is  not  the  case,  the  collapse  n 

warm  sterile  salt  solution  into  the  anterior  chamber. 

a  bulb  irrigator,  a  slender-tipp)ed  syringe,  or  any  like  < 

lips  of  the  wound.    The  same  manoeuvre  is  called  for  ir 

coUapse  of  the  eyeball  caused  by  great  escape  of  vitre< 

ficeount  of  its  elasticity  tends  to  resume  its  shape  af 

negative  pressure  develops  in  the  anterior  chamber  pn 

of  a  syringe,  after  being  compressed  with  the  hand,  is 

■nay  be  sucked  in  by  means  of  thi^  negative  pressure,  t 

Anterior  eliamber.    This  does  no  sort  of  harm  to  the  < 

of  this  aspiration  action  occurs  when  the  blood  is  sucl 

voxels  of  the  iris,  so  that  the  chamber  is  filled  with  1 

to  take  place  when  the  cavity  of  the  chambers  is  se| 

vitreous  by  a  more  solid  diaphragm  than  usual  (exudt 

able  to  advance  adequately  after  the  escape  of  the 

hemorrhage  is  thus  encountered  in  those  iridectomies  a 

in  eyes  with  an  old  irido-cyclitis.    The  blood  in  this  cas 

ßrst,  because  it  is  very  slow  in  being  absorbed;   and, 

become  organized  and  close  the  new-made  pupil  up  a 

rh»ge  ex  vacuo,  I  apply  in  such  cases  a  pressure  banda^ 

Alfter  tbe  pupil  has  been  formed.    This  bandage  by  e 

volume^  of  the  capsule  of  the  eyeball,  and  presses  the 
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[Some  prefer  to  dispense  with  a  dreR^imp  altogether  after  operations,  believing 
that  it  does  not  really  prevent  riit>veriientÄ  of  the  Jids  or  I  he  eye  thtit  would  iiiterrfere 
with  thr  healing  of  the  wound.  an<i  that  it  does  favor  the  dainminp  up  «if  secretions 
and  the  multiplieation  of  jEerni.H  in  the  eonjunetival  mv.  And»  as  a  matter  of  faet,  if 
ttie  eonjunetiva  m  j>rtHlis|>os4'd  to  inflann nation,  bandad^ing  rhe  eye  will  cause  a  profiise^ 
aiTUniiilation  of  secretion  in  the  sac,  so  that  the  dressing  has  to  be  removed,  and  the 
eye  irriji^ated  ^'veral  limes  a  day  with  sterile  .sah  i*olution  and  argyrol  or  |irotar$£nl. 
So  far  as  istatisticH  go,  the  re^tults  of  the  oji-en  method  seem  to  be  iks  j^ootl  as  when  a 
dressinii  i«  emiUoyerL  Vet  the  con^en^iLs  of  opinion  an^oni^  the  best  and  most  expcriencfHi 
operalora  is  that  the  dressing  shtiold  be  uwil  in  all  o|HTations  in  which  the  eyeball  is* j 
otienefi  (cataract,  iridectomy K  It  is  ali^o  the  custom  with  most  to  bandage  the  eyes  for^ 
seveml  days  after  an  a^lvancement,  the  intention  here  being  not  sij  ranch  to  protect 
the  eye  from  infection  as  to  kwp  it  from  string  and  hence  from  moving  about  and  so 
making  traction  ufwm  the  sutures.  If  thiü  is  the  intention,  both  eves  cw^iht  to  Ik* 
bandaged,  since  if  this  ia  not  done  the  unc*overed  eye  will  miive  abutit  freely,  and  in 
that  case  the  covered  eye  will  neci^sarily  move  too. 

Even  if  it  Is  thought  wist*  to  omit  a  drc-ssing  in  the  kind  of  eases  just  cited,  the  eye 
ought  to  b^  protected  by  a  mask  from  the  risk  of  accidental  blows,  especially  a!  night. 

The  o[>en  method  is  suitable  for  tenotomies,  Heix%  contrary  to  what  obtains  in 
the  ease  of  mlvancement^  wc  wish  to  ha\'e  the  eyes  move  under  l!ie  modifyinK  influence 
of  binocular  vision  and  to  be  subjected  to  the  fusion  impulse  wdiicli  will  help  them  to 
assume  the  proper  position.  As  the  {langer  of  infection  in  these  cas*»s  is  very  slight  ant  I 
after  the  first  h^w  hours  when  the  extern^d  wound  is  sealcMi  is  practically  nil,  a  bandage 
is  iu*ed  for  at  most  the  day  of  the  operation.  After  this  both  eyes  are  left  oiK*n,  and  the 
patient  Is  encourage«!  to  use  them  for  distant  vision. 

Most  prefer  to  inspfH't  the  eye  twenty-four  bours  after  the  operation,  to  aseertain 
the  character  of  the  wound  and  particularly  to  see  whether  a  prolapse  of  the  iris  is  pres- 
ent or  not;  also  in  the  ciu^e  of  an  advancement  or  tenotomy  to  determine  whether  the 
po4<iition  of  the  eyes  is  correct.  If  the  condition  is  found  to  be  satisfactory  the  <^lressing 
may  then  be  left  undisturbed  for  forty-eight  hours,  aJthoygh  many  stiU  prefer  to  examine 
the  eye  daily. 

Untier  a  bondage  a  secretion  often  forms  which  glues  the  lids  together»  and  makes 
it  flomew.-  t  difficult  to  open  the  eye  for  inspection.  This  tendency  to  agglutination 
can  be  obviated  by  putting  sterile  vaöelin  into  the  conjunctival  aae  (with  or  without 
argjTo!)  before  applying  the  dn^ssing.  The  often  painful  atlhesion  of  the  lashes  to  the 
dr^tsing  may  be  prevented  by  smearing  the  hds  and  lashes  with  sterile  vaselin  or  a  borie- 
acid  ointment  (see  page  52). 

As  the  eyelsLslies  always  harbor  germs,  which  can  not  be  got  rid  of»  and  as  further- 
more they  are  dithcult  to  cleanse  and  stick  to  the  dressings,  some  surgeons  trim  them 
off  before  o|h^ rating. 

The  dressing  for  the  eye  is  best  fastened  down  with  arlheaive  straps.  As  rubber 
plaster  often  causes  pain  when  removed,  isinglass  plaster  which  can  be  readily  washed 
off,  is  better,— Dd 

In  old  people,  especially  if  they  are  drinkers,  delirium  not  infretjuenlly  oecurs, 

particularly  when  both  eye»  are  bandaged.     In  this  ease  the  eye  that  has  not  been 

openited  upon  must  hi*  of)ene<l  at  once.    ISometimes  the  dcUrium  can  be  reliev  wl  only 

[hy  sending  the  patients  home.     Drinkers,  moreover»  must   not  be  deprived  of  their 

alcohol.     See  page  51 — D.| 

Olli  people  suffering  from  marasmus  are  apt^  if  they  he  quiet  upon  their  baeks 
for  sevend  days  after  an  operation,  to  get  h>T>ostases  in  the  lungs ^  which  may  eause 
the  patient*s  death.  Hence,  persons  that  are  weak  from  old  age  ought  to  be  lukcn 
out  of  bed  very  soon— if  neeesaar>',  directly  after  the  operation.  There  are  other  acci- 
dents, too,  by  which  the  course  of  the  healing  may  be  interfered  with.  As  these  can 
not  usuall}^  be  foreseen ^  it  is  advisable  never  to  ojn^rate  upon  both  eyes  at  one  sitting; 
for  from  the  operation  mid  after-treatment  in  the  ease  of  one  eye  we  learn  what  wta 
are  to  exp<"ct  when  operating  upon  the  sc^^ond. 
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In  smol]  children  quietude  of  behavior  after  the  o; 
and  hence  the  large  sections,  such  as  those  made  for 
tioiit  have  their  healing  interfered  with.     Accordingly, 
to  choc^p  only  those  methods  of  oi>erating,  such  as  c 
email  wounds. 

(For  striate  opacity  of  the  cornea  after  operations, 
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CHAPTER  n. 
OPERATIONS  UPON    I  HE    EYEBALL. 

1.  Paracentesis  of  the  Cornea* 

155.  Paracentesis,  or  puncture  of  the  cornea,  may  be  made  either 
the  lance  knife  (Fig.  406,  a)  or  with  Von  Graefe's  linear  knife  (Fig. 

a). 

In  milking  imracentesis  uyith  the  lance  knife  the  latter  iö  plunged 
in  close  to  the  outer  and  lower  margin  of  the  cornea.  Then  the  lance 
knife  is  pu^lied  a  little  farther  forward,  so  that  the  wound  get.s  to  be  2 
or  ri  mm.  tong,  when  the  knife  is  wltlidrawn  very  slowly  from  the 
wound.  Then,  to  make  the  aqueous  How  oÜ,  we  need  only  depress  the 
peripheral  edge  of  the  wound  (c,  Fig.  404)  gently  with  a  DaviePs  scoop 
(Fig.  412,  b).  The  escape  of  the  aqueous  should  be  gradual,  and  prefera- 
bly intermittent. 

Pa  ra  cen  tes  i  s  wi  t  h  t  he  I  an  ce  kn  if  e  i  s  mad  e — 1 .  In  p  rogressi  ve  ul  ce  rs 
of  the  cornea  whose  advance  either  along  tlie  surface  or  into  the  depth 
of  the  tissues  can  not  be  arrested  by  medicinal  treatment.  In  the  case 
of  corneal  ulcers  which  threaten  rupture  we  anticipate  the  qcccurence 
of  the  latter  by  performing  paracentesis.  We  thus  avoid  having  the 
perforation  take  place  too  suddenly,  and  also  avoid  the  occurrence  of  a 
prolapse  of  the  iris.  When  the  floor  of  the  ulcer  is  greatly  thinned  and 
is  bulging,  we  select  this  as  the  site  of  our  puncture.  2.  In  ectasi:e  of 
the  cornea  of  various  kinds,  and  also  in  markedly  bulging  prolapses  of 
the  iris,  or  in  the  staphylomata  that  develop  from  the  latter.  In  these 
cases  paracentesis  must  be  followed  by  the  use  of  a  pressure  bandage. 

3.  In  obstinate  inflammations  of  the  cornea  or  uvea»  and  also  in  opaci- 
ties of  the  vitreous,  io  order  to  exert  a  favorable  effect  upon  the  nutri- 
tion of  the  eyeball  by  altering  the  conditions  of  tissue  metamorphosis, 

4.  In  elevation  of  tension  when  this  is  likely  to  be  transient,  as,  for 
example,  in  irido-cyclitis  or  in  swelling  of  the  lens.  5.  In  hypopyon^ 
for  removing  it  when  it  extends  high  up. 

In  all  these  cases  it  is  not  infrequently  necessary  to  repeat  the  para- 
lentesis  one  or  more  times.  If  only  a  few  days  have  elapsed  since  the 
first  paracentesis,  a  new  incision  is  not  required  when  the  latter  is  re- 
peated, but  the  w^ound,  not  being  solidly  united,  may  be  pried  open  with 
a  DaviePs  spoon  (Fig.  412.  h). 

Paracentesis  with  the  Graefe  linear  knife  is  made  according  to 
the  method  j)ropnsed  by  Soemisch  [really  by  Guthrie)  in  ulcus  serpens 
(see  page  254).  The  Graefe  knife,  whose  cutting  edge  is  directed  straight 
forward,  is  entered  to  the  outside  of  the  temptiral  border  of  the  ulcer»  in 
the  healthy  portion  of  the  cornea;  then  it  is  pushed  in  the  anterior  chamber 
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toward  the  nasal  side  until  its  point  is  brought  out  again  through  the 
cornea  to  the  inside  of  the  nasal  margin  of  the  ulcer.  We  then  may  be 
said  to  have  the  ulcer  lying  upon  the  edge  of  the  knife,  which  latter,  there- 
fore, has  simply  to  be  pushed  farther  to  the  front  in  order  to  split  the 
ulcer  from  behind  forward.  The  section  should  have  both  its  terminal 
points  lying  in  sound  tissue,  and,  if  possible,  should  be  so  made  that  the 
most  intensely  yellow,  progressive  portion  of  the  ulcer  is  bisected  by  it. 
After  the  section  has  been  completed  the  hypopyon  is  removed.  The 
section  must  be  reopened  daily  (with  a  Weber's  knife  (Fig.  298,  f)  or 
with  a  Daviel's  scoop),  until  the  ulcer  begins  to  grow  clean. 

pAÄi^'cENTESiB  OP  THE  SoLERA  {Sderotomy), — ^This  may  be  performed  in  thr 
most  anterior  portion  of  the  sclera,  belonging  to  the  anterior  chamber,  or  in  the  pos- 
terior and  larger  division  of  it  (sclerotomia  anterior  and  posterior). 

Sderotomia  anterior  by  De  Wecker's  method  (Fig.  405)  is  made  as  follows:  Tht 
Graefe  knife  is  entered  1  mm.  outside  of  the  temporal  margin  of  the  cornea,  and 
brought  out  at  an  equal  distance  to  the  inside  of  the  nasal 
margin.  The  points  of  entrance  and  emergence  are  tbere^ 
fore  symmetrically  situated,  and  are  selected  as  though  the 
intention  was  to  form  a  flap  2  mm.  high  out  of  the  upper 
part  of  the  cornea.  And,  in  fact,  after  the  counter-puncture 
has  been  made,  the  incision  is  carried  upward  by  sawing  cuts 
just  as  if  this  flap  was  to  be  separated,  but  the  knife  k 
withdrawn  before  the  section  is  completed.  Thus,  at  the 
_  upper  margin  of  the  cornea  there  remains  a  bridge  of  sclera, 

Fio  406.— Sclerotomy  bt      which  connects  the  flap  with  the  parts    below    and    pre- 
De  Weckeb'8  Method        vents  the  gaping  of  the  wound.      Hence  by  this  operation 
two  sections  at  once  are  made  in  the  scleral  margin  separated 
by  a  narrow  bridge  (s  and  8i).    Sclerotomy  may  be  made  downward  as  well  as  upward. 
For  Lagrange's  sclerectomy  the  section  is  made  as  in  the  method  of  iridectomy 
devised  by  the  same  author  (page  897 ),  except  that  the  excision  of  the  iris  is  omitted. 
[Sclerectomy  for  producing  like  the  Lagrange  oi>eration  a  permanent  filtrating 
cicatrix  in  glaucoma  may  also  be  made  with  a  trephine.    Elliot  and  others  report  «ic^ 
cess  with  this  method.    The  conjunctiva  is  dissected  up  close  to  the  cornea,  the  flap  is 
laid  back,  and  a  Bowman's  trephine  2  to  3  mm.  in  diameter  is  used  as  close  to  the  lim- 
bus  as  possible.    Fergus  combines  trephining  with  cyclodialysis  (see  page  491). — D.] 
Sclerotomy,  on  account  of  the  peripheral  position  of  the  wound,  is  very  likely 
to  cause  prolapse  of  the  iris.     We  should  therefore  try  to  produce  a  marked  miosis 
by  eserine  before  the  operation;  the  spasmodically  contracted  sphincter  then  keeps  the 
iris  in  the  anterior  chamber.    If  in  spite  of  this  the  iris  becomes  wedged  in  the  wound, 
and  can  not  be  satisfactorily  replaced  it  mu^  be  drawn  out  and  cut  off.    The  danger  of 
a  prolapse  of  the  iris  is  not  present  if  there  is  already  a  coloboma  of  the  iris  and  the  scler- 
otomy incision  is  placed  near  the  site  of  the  coloboma — the  sclerotomy  being  made  be- 
cause of  the  recurrence  of  a  glaucoma  for  which  an  iridectomy  has  already  been  performed. 
Sclerotofhy  is  performed  in  glaucoma,  but  its  results  are  not  as  certain,  and,  more 
particularly,  not  as  lasting  as  those  of  iridectomy.     Sclerotomy,  accordingly,  is  per- 
formed by  most  operators,  not  as  a  routine  operation,  but  only  in  exceptional  cases. 
Under  the  latter  belong  the  following:     1.  Glaucoma  simplex,  with  a  deep  anterior 
chamber  and  without  distinct  elevation  of  tension.    2.  Inflammatory  glaucoma,  when 
the  iris  through  atrophy  has  become  so  thinned  that  one  can  not  hope  to  make  a  proper 
excision  of  the  iris.     3.  Hemorrhagic  glaucoma.     4.  HydrophthaJmus.      5.  Instead 
of  a  serond  iridectomy  in  those  cases  of  glaucoma  in  which  the  increase  of  tension  re- 
turns in  spite  of  a  correctly  performed  iridectomy. 
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In  sdcrotomia  po^tfrUtr  tht*  oiwninR  of  the  selera  m  made  in  ilu*  jiosterior  division 
of  the  latter.  The  section  should  be  Jiieridioniil — i.  e.,  run  from  tK'hind  forward ^  since 
this  is  the  dbection  of  most  of  the  scleral  fibers,  smd  hence  such  seciiuiKs  ^tipe  the  lea><t, 
and  besides  with  the  incieion  in  thii*  direction  the  fewest  chorioidal  vessels  are  eneoun- 
tered,  since  thei^^  too  have  mainly  a  meridiomU  course  (Fig,  155).  The  position  of  the 
section  miLst  be  chosen,  so  thut  neither  an  ocular  miLsrle  nor  the  ciliarv"  IxkJv  is  injured. 
For  the  latter  reason  the  section  should  not  exfenci  farther  forward  than  at  most  to  a 
point  6  mm.  from  the  corneal  marj^in.    The  indications  for  «cleroto  mi  a  posterior  are: 

1.  Detathmerit  of  the  retina.—  A  broad  Gniefe  knife  is  thrust  into  that  spot  of  ttie 
fielera  which  corresponds  to  the  most  prominent  fiart  of  the  detachment.  As  so<in 
H8  ilie  knife  has  penetrated  the  seiera  and  chorioid  and  into  the  subn*tinal  space,  it  is 
turnetl  a  little,  so  that  the  w<mnci  is  thus  made  to  gape.  We  then  obs*irve  the  conjunc- 
tiva lifted  up  by  the  suhretinal  fluid  which  escajx^s  from  the  wound,  so  as  tu  form  a 
yeUowish  vesicle.    As  soon  as  I  he  tlukl  cea^ses  to  esct4|:x%the  knife  is  withdrawn  again, 

2.  Gtaueoma^  when  tlie  anterior  chaml^r  is  obliterat€<l,  and  hence  iridectomy 
haa  become  technically  impossible  (cases  (»f  glaucoma  mahgimm  and  gbucoma  ab- 
ailutym).  The  ofieratifui  is  perfi>rnied  in  ihe  same  way  as  in  detachment  of  the  retina, 
except  tliat  instead  of  siibretinal  lltiid  some  vitreons  is  withdrawn.  Owing  to  the  greater 
consistence  of  the  vitreous  it  is  usually  necessary  to  make  the  section  somewhat  longer. 
After  sclerotomy  tlie  miterior  chaml»er  is  usvmlly  restored,  st»  tliat  an  iridectomy  can 
be  performed  later  on. 

3.  A  meridional  section  of  pretty  great  extent  is  made  when  extradian  of  a  foreign 
body  or  of  a  cystioercu»  from  the  vitreous,  ib  in  qtiestion. 
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IL  Iridectomy. 

1S6,  Iridectomy  by  Beer's  method  is  performed  as  follows:  Entry 
is  made  with  the  lanc*e  knife  in  the  vicinity  of  the  niargiti  of  the  cornea, 
and  sometimes  a  little  to  the  outside,  sometimes  a  little  to  the  inside  of 
the  latter,  according  as  the  point  at  which  it  is  desired  to  excise  the  iris 
is  more  or  less  close  to  its  ciliary  margin.  The  lanee  knife  is  then  pushed 
forward  until  the  wound  is  of  the  desired  length  (4  to  8  mm*,  according 
to  the  breadth  of  the  portion  nf  the  iris  that  it  is  proposed  to  cut  out); 
in  doing  this  the  lance  knife  must  be  so  held  that  the  section  is  concen- 
tric with  the  margin  of  the  cornea.  The  %vithilra\val  of  the  lance  is 
performed  slowly,  and  with  tlie  instrument  pressed  against  the  posterior 
surface  of  the  cornea,  so  as  not  to  injure  the  iris  or  lens,  which  push 
forward  as  the  aqueous  flows  off.  After  completing  the  section,  the  iris 
forceps  (Fig.  406,  cj^e)  with  its  branches  closed  is  introduced  into 
the  anterior  ehaml>er  and  pushed  on  up  to  the  Ijorder  of  the  pupil. 
At  this  point  the  branches  are  allowed  to  separate  and  a  fold  of  the  iris 
is  grasped,  gentle  pressure  being  at  the  same  time  made  upon  the  latter. 
The  iris  is  now  drawn  from  the  wound,  and  at  the  moment  when  it  is 
most  upon  the  stretch  it  is  cut  ofi"  chxse  to  the  wound  with -the  curved 
^«cissors  or  with  the  scissors  forceps  (pinces  ciseanx  of  r>e  Wecker  (Fig, 
406,  h).  This  ends  the  operation,  and  it  only  remains  by  introducing  a 
spatula  (Fig.  406^  i)  into  the  wound  to  put  back  into  the  anterior  ehaml>er 
any  iris  that  may  have  l)een  wedged  into  the  wtjund.  so  that  at  the 
completion  of  the  operation  the  pupil  and  the  coloboma  have  their 
proper  shape. 
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In  many  cases  a  Graefe  knife  is  used  instead  of  the  lance  knife  for 
making  the  section  [see  page  894].    The  indications  for  iridectomy  are: 

1.  The  presence  of  optical  obstructions.  These  consist  in  opacities 
of  the  refractive  media,  occupying  the  area  of  the  pupil.  Among  these 
belong:  (a)  Opacities  of  the  cornea;  (6)  a  membrane  in  the  pupil  (occlusio 
pupillae);  (c)  opacities  of  the  lens,  such  as  lamellar  cataract,  nuclear  cata- 
ract, or  an  anterior  polar  cataract  of  particularly  large  diameter.  Fur- 
thermore in  cases  in  which  the  pupil  is  considerably  displaced  toward 
the  periphery  as  the  result  of  an  incarceration  of  the  iris,  iridectomy  is 
done  to  bring  the  pupil  behind  the  center  of  the  cornea;  and  it  is  also 
done  in  subluxation  of  the  lens  when  the  attempt  is  made  to  shift  the 
pupil  to  a  place  in  front  of  the  part  that  contains  no  lens. 

For  any  good  to  be  gained  from  the  performance  of  an  iridectomy 
for  optical  purposes,  the  following  conditions  must  be  present: 

(a)  The  opacity  must  be  so  dense  that  it  prevents  the  formation  of 
distinct  images  upon  the  retina,  and  does  not  simply  interfere  with 
vision  by  giving  rise  to  dazzling.  In  the  latter  event  the  dazzling  would 
actually  be  increased  by  the  iridectomy.  A  mistake  that  we  frequently 
meet  with  is  that  of  making  an  iridectomy  when  there  are  comparatively 
slight  opacities  of  the  cornea;  by  such  an  operation  the  sight  is  made 
worse  instead  of  better.  To  avoid  this  mistake  we  first  make  an  accurate 
determination  of  the  visual  acuity,  then  dilate  the  pupil  with  atropine, 
and  once  more  test  the  sight.  If  the  latter  then  proves  to  be  considerably 
better  than  before  the  pupil  was  dilated,  iridectomy  is  indicated;  other- 
wise not. 

(6)  The  opacity  must  be  stationary.  In  the  case  of  opacities  of  the 
cornea  the  inflammatory  process  must  have  completely  run  its  course; 
in  opacities  of  the  lens  it  must  be  stationary  forms  of  cataract  that  are 
in  question.  Otherwise  we  run  the  risk  of  having  the  very  spot  beconie 
opaque  which  we  have  selected  for  making  the  artificial  pupil  in. 

(c)  The  parts  concerned  with  the  perception  of  light — the  retina  and 
optic  nerve — must  be  capable  of  performing  their  fimctions.  This  fact 
is  determined  by  testing  the  vision.  The  latter  must  correspond  ap- 
proximately to  the  amount  of  dioptric  obstruction  that  is  visible.  When 
the  opacity  is  so  dense  that  only  quantitative  vision  is  present,  the  latter 
is  to  be  tested  with  a  candle  flame.  We  darken  the  room  and  station 
ourselves  with  a  lighted  candle  opposite  the  patient.  Now,  by  alter- 
nately holding  the  hand  in  front  of  the  light  and  then  withdrawing  it, 
we  test  whether  the  patient  can  tell  aright  the  change  from  light  to 
darkness.  We  first  make  this  test  near  by,  and  then  withdraw  farther 
and  farther  from  the  patient,  so  as  to  find  the  greatest  distance  at  which 
he  is  still  able  to  distinguish  between  the  alternation  of  light  and  dark- 
ness. The  degree  of  direct  perception  of  light  is  thus  determined.  In 
order  to  test  the  extent  of  the  visual  field,  the  candle  is  gradually  car- 
ried from  one  side  of  the  patient  to  a  position  in  front  of  the  eye,  which 
all  the  time  must  be  looking  straight  forward;  at  the  same  time  we  ask 
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wlien  the  light  is  perceived  and  upon  what  s: 
way  the  limits  of  the  visual  field  in  every  dir 

The  quantitative  perception  of  light  in  th< 
ery  is  not  abrogated  by  even  the  densest  oj 
optic  nerve  are  sound,  the  glimmer  of  the  c 
in  a  darkened  room  at  a  distance  of  at  least 
also  be  seen  by  the  patient  on  all  sides  of  him 
given.  If  this  is  not  the*  case,  the  percipient  ] 
normal.  Upon  the  degree  ^to  which  the  perc 
will  depend  the  question  whether  an  iridect 
is  undertaken  at  all  or  not.  These  requiremem 
of  light  hold  good,  moreover,  not  only  for  ir 
operations  undertaken  for  the  restoration  of  i 
the  ojjeration  of  cataract. 

The  following  conditions  must  be  regard 
iridectomy  for  optical  purposes:  1.  Deficienc; 
perception.  2.  Strabismus  of  long  standing  ir 
with  the  opacity.  In  this  case,  even  if  the 
a  perfect  success,  not  much  gain  in  sight  w( 
amblyopia  ex  anopsia  which  exists  in  such 
operation  is  doubtful  and  it  is  often  technics 
in^3.  Flattening  of  the  cornea.  For,  where  aj 
oped,  it  is  always  a  sign  that  there  has  beer 
keratitis  an  irido-cyclitis,  which  has  left  thi 
behind  the  iris.  Hence,  even  if  we  actually  s 
a  free  aperture  is  not  produced,  and  we  are  co 


FiQ.  407  A. 


fiQ.  407  A. — Optical  Iridectomy.    Magnified  2X1. 
FiQ,  407  B — Iridectomt  in  Increase  of  Tension.    Mi 
terELal  wouod.    See  description  under  Fig.  403. 

dation.  4.  Incarceration  of  the  entire  pupilla 
with  consecutive  forcing  of  the  iris  against  the  ] 
nea.  When  this  condition  has  lasted  for  qui 
sible  to  excise  the  iris,  because  the  latter'in  cor 
friable,  and  because  it  is  too  firmly  agglutinatec 
A  roloboma  which  is  made  for  optical  purj 
as  to  cause  as  little  disturbance  from  dazzlin. 
m  secured  when  the  coloboma  is  narrow  and  do 
of  the  cornea  (0,  Fig.  407  A), An  excision  exter 
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iris  would  expose  I  be  iMarp;iri  of  the  lens  and  also  the  interspace  between 
it  and  the  miliary  pnM-e.sses,  and  thus  admit  a  ^reat  quantity  of  irrc^u- 
hirly  refracted  rays  into  the  eye.  In  order  to  make  the  tolobonia  narrow 
and  not  too  peripherah  the  incision  must  be  short,  and  he  at  or  even 
inside  of  the  limbus.  Those  eases  constitute  an  exception  to  this  rule, 
in  which  only  the  most  exterior  marginal  portion  of  the  cornea  has 
remained  transparent,  so  that  the  iridectomy  must.  f(»r  obvious  reasons, 
he  quite  peripherah 

That  spot  is  chosen  as  the  site  of  the  colobonm  at  which  the  media 
are  the  most  transparent.  Wherever  possible,  we  avoid  making  the 
coloboma  above,  as  in  that  case  it  would  be  partly  covered  by  the  lid. 
If  the  media  are  everywhere  ecjually  transparent  (as  when  there  is  a 
cicatrix  situated  exactly  in  the  center  of  the  cornea,  a  pupillary  mem- 
brane»  or  a  perinuclear  cataract),  the  iridectomy  is  performed  down- 
ward and  inw^ard  fFig.  407  .4),  because  in  most  Qvefi  the  visual  axis  cuta 
the  cornea  a  little  to  the  inner  side  of  the  apex  (page  738). 

157,  [Other  indications  for  iridectomy  are:]  2*  hierease  of  tetisioju 
Iridectomy  is  hence  indicated  in  primary  glaucoma,  and  also  in  second- 
ary glaucoma  resulting  from  ectasia^  of  tlie  cornea  or  sclera,  from  seclusio 
pupilla\  from  irido-chorioiditis,  etc.  In  hemorrhagic  glaucoma  iri- 
dectomy is  often  a  failure.  In  general,  the  success  of  the  operation  is 
Ijetter  the  earlier  it  is  performed.  Nevertheless,  an  operation  is  some- 
times done  in  cases  of  increa.sed  tension  even  w!ien  the  ]>erception  of 
light  has  been  already  abolished,  in  which  case  there  can  be  no  idea  of 
restoring  sight.  Then  it  is  simply  a  case  of  relieving  pain  or  of  avoiding 
further  degeneration  (and  especially  further  ectasis)  of  the  eyeball. 

When  iridectomy  is  made  for  increase  of  tension,  the  section  nuist 
be  situated  pretty  far  back  in  the  sclera  and  must  he  long.  The  colo- 
boma need  not  be  very  broad,  but  ought  to  reach  to  the  ciliary  margin 
of  the  iris  (Fig.  408).  If  there  are  not  at  the  same  time  any  optical  cofi- 
ditions,  to  which  regard  nmst  be  paid  in  making  the  iridectomy,  the 
latter  must  be  directed  upward  so  that  the  coloboma  may  be  partially 
covered  by  the  upper  lid,  and  thus  the  confusion  due  to  dazzling  may  be 
lessened, 

3.  Edatic  cir  air  fees  of  the  cornea  (partial  staphylomata),  in  order 
to  cause  their  flattening.  This  is  the  more  likely  to  succeed,  the  more 
recent  and  the  thinner-walled  the  staphyioma-is — that  is,  the  closer  akin 
it  is  to  a  prolapse  of  the  iris. 

4.  Recurrent  irith,  in  whicli  case  the  iridectomy  is  designed  to  pre- 
vent the  recurrences — an  object^  however,  which  is  not  always  attained. 
The  operation  is  to  be  done  during  an  interval  in  which  there  is  no 
inflammation. 

5.  Fistitla  of  the  cornea.  Iridectomy  here  serves  the  purpose  of 
securing  the  formation  of  a  firm  cicatrix.  We  must  wait  to  perform  the 
operation  until  at  least  some  trace  of  the  anterior  chamber  has  been 
restored,  as  otherwise  the  operation  is  impracticable  on  technical  grounds. 
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6.  Foreign  bodies  imbedded  in  the  iris, 
reninved  only  by  excising  the  portions  of  iris 
like  is  true  of  cysts  and  small  tumors  of  the  i 

7.  As  a  prelijninary  to  the  operation  for  a 
mainly  when  we  are  dealing  with  complicat 
complicated  with  posterior  synechiae,  increase 

If  iridectomy  is  made  as  a  preliminary  to 
excision  of  the  iris  must  be  made  upward,  s< 
also  be  utilized  for  the  extraction  of  the  catara« 
is  made  upward. 

Technique  of  Iridectomy. — The  section  in  the 
toiny  may  be  made  with  the  lance  or  with  Graefe's  nar 
tunics  of  the  eye  are  divided  from  l:)ehin4  forward  as  is 
The  section  made  with  the  lance  is  smoother  and  passe 
the  tunics  of  the  eye  than  does  the  section  made  with  a  r 
better  after  the  knife  is  withdrawn.  Hence  the  lance 
in  which  no  special  obstacles  oppose  its  application.  Thi 
anterior  chamber  is  shallow.  Here  we  can  not  push  the  h 
of  pricking  the  iris  and  lens.  In  optical  iridectomies,  i 
narily  sufficient,  this  is  a  matter  of  less  importance,  but 
rit>r  chamber  is  often  so  shallow,  we  would  be  able  to  c 
neither  peripheral  enough  nor  long  enough.  2.  When 
the  section  with  a  lance  is  absolutely  impossible,  whil< 
knife  for  a  sufficiently  great  distance  between  the  cornea 
are  unruly  or  when  the  op)erator's  experience  is  small,  t 
with  a  Graefe  knife  is  always  less  than  with  a  lance  and  i 
knife  to  the  absolute  exclusion  of  anything  else  for  iride 
of  the  Graefe  knife  meets  with  a  limitation  in  that  we  ci 
and  lower  borders  of  the  cornea  (because  elsewhere  the  < 
Sections  at  the  nasal  or  temporal  borders  of  the  cornea  c 
If  we  cannot  push  the  lance  far  enough  along,  because 
we  enlarge  the  section  by  cutting  laterally  with  the  lane 

For  grasping  the  iris  a  minute  blunt  hook  [see  Fi 
of  an  iris  forceps.  With  this  the  margin  of  the  iris  is  c 
hook  is  suitable  for  cases  when  (1)  we  wish  to  excise  onl] 
lary  margin;  (2)  when  the  iris  has  no  fixed  support  behii 
or  absence  of  the  lens).  For  in  the  latter  case  when  the 
agiiinst  the  iris,  in  order  to  grasp  it,  the  iris  gives  way,  \i 
a  liook.  [See  also  remarks  on  extra-ocular  iridotomy,  p£ 

The  mishaps  which  may  occur  in  the  course  of  ai 
the  iris  or  lens  with  the  lance,  either  through  the  clumsi 
the  restlessness  of  the  patient.  Injury  done  to  the  Ic 
cataract,  which  not  only  produces  a  new  obstacle  to  vii 
by  giving  rise  to  inflammation  or  increase  of  tension, 
excision  of  the  iris  is  rendered  difficult,  great  bleeding  is 
pupil  is  produced  (sec  page  422).  3.  The  last-named  ; 
fact  that  the  sphincter  pupilla;  at  the  site  of  the  iride< 
separates  the  pupil  from  the  coloboma  like  a  bridge.  1 
the  iris  is  excised  before  it  has  been  drawn  far  enougl 
not  have  to  complain  of  this  disagreeable  occurrence  i 
rules:  The  first  is,  not  to  grasp  the  iris  with  the  for 
instrument  forward  as  far  as  the  pupillary  margin  so  s 
branches.  The  second  rule  is,  to  cut  off  the  iris  only  i 
enough  for  its  black  posterior  surface  to  be  visible  (Fig.  4( 
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iet  should  remain  bcliind,  we  enter  the  anterior  chamber  again  with  a  blunt  hook  and 
({raw  up  the  brid|?e  of  sphin**t4"r  in  order  to  rul  it  off,  There  may,  however,  be  another 
reaaon  why  the  sphineter  remains  in  silu,  namely  that  it  is  so  hrmiy  atlherent  to  the 
len^  eaiK^ule  that  it  tears  away  from  the  mn  ratlier  than  follow  the  latter  as  h  i^;  with- 
drawn. In  this  caae  we  refrain  from  any  farther  attempt  to  remove  the  sphincter^  as 
nth«'nvis<*  we  nii^ht  eüLsily  injure  the  (^apftule  of  the  lens.  4.  When  we  operate  in  a 
case  of  total  j>üsterior  ayneiliia  it  often  hapt)ens  that  the  retinal  pigment  of  the  iria 
within  the  area  of  the  eoloboma  remains  ui>oii  the  k-ns  capj^ule,  with  whieh  it  is  inti- 
mately united  by  exuviation.  In  that  case,  immediately  after  the  irirleetomy  is  com- 
pletcnl,  we  may  siupijose  that  we  ha\'e  made  a  hne  black  eoli>boma,  and  it  is  only  upon 
lateml  illumination  that  we  beeome  convinced  that  the  eoh)licrna  is  not  black,  but 
dark  brown^.e,^  is  fültnl  with  pigment.  The  optical  result  of  the  operation  ih  then  nil. 
It  happens  not  \i^^  frequently  in  total  posterior  synechia  that  it  is  abstjlutely  impossible 
to  bring  the  iris  out  of  tli  •  wouml  for  the  fiunw.se  of  rutting  it  tiff.  The  iris»  on  the  one 
hand,  is  s»^  rotten,  i+nd,  on  the  other  hand,  h  90  firmly  aitachetl  to  the  lens,  that  the 
forceps^,  insteail  of  (Jrawing  the  iris  out,  only  teara  small  fragments  out  of  it.  Both  in 
tliis  ea»t^  and  in  the  one  in  which  the  pigment  layer  remains  behind,  then;  m  notliing 
left  to  tlo  but  to  remove  the  len.s  aid*!,  by  an  extraction,  even  when  the  lens  is  still  trans- 
parent. B.  Prolapse  of  the  vitreoui*  is  particnlarly  apt  to  occur  in  iridectomy  when  the 
zonula  isdjt»ciised,  as,  for  example,  in  subluxation  of  the  lens  or  in  hydrophthalmus,  and 
also  when  we  operate  on  very  small  children,  in  whom  the  zonula  m  as  yet  very  frail. 

Optical  iRiDEeroMT. — The  surccsit  of  an  optieal  irideetomy  aa  far  as  the  amount 
of  vision  obtained  is  concernetl,  very  often  falls  short  of  the  expectations  whieh  bo>th 
t^hysician  and  patient  have  entertained  in  rt'gard  to  it.  This  is  eöpecially  the  eai*e  with 
iridectomy  in  »cars  of  the  cornea.  In  this  case  there  are  various  reaaons  for  the  vision*» 
being  often  so  defeeti^^e,  even  when  the  operation  itself  has  been  a  complete  succees. 
The  chief  one  is  that  normally  a  considerable  degrt^e  of  astigmatism  is  present  in  the  |n>- 
ripheral  part  of  the  cornea  which  hiis  br^-n  used  for  the  irideetomy.  This  astigmatism 
is  increased  partly  by  the  effect  of  the  a*ljoining  scar,  partly  by  the  operation  itself. 
To  this  is  added  the  a^stigmatie  refraction  of  those  rays  whk'h  in  the  peripheral  portion 
of  the  eoloboma  pni<s  through  the  margin  of  the  lens,  This  aj^tigmatism,  which  is  for 
the  most  part  irregular,  ha*i  a  greater  eflfec^t  than  usual,  ina;smuch  as  the  new  pupil  is 
large  and  is  almost  or  quite  immovable,  i\nd  hence  can  not  lessen  the  size  of  the  dif- 
fasion  circh»s  (see  page  810).  Moreover,  the  cornea  over  the  eoloboma  is  often  less 
tran>tparcnt  than  was  supposed  before  the  iridectomy,  for  alight  opacities  are  scarcely 
visible  when  a  light-eolored  iris  is  behind  them,  while  they  at  once  become  obvious 
when  after  irideetomy  a  black  eoloboma  forms  the  backjan'oiinfL  Still  greater  is  the 
disappointment  in  store  for  the  operator  when  after  a  sueeessful  iridectomy  he  finds 
I  he  eoloboma  white  instead  of  lilück,  beeauB(*  the  lens  has  become  opaque. 

The  optical  result  of  an  iridectomy  made  on  account  of  a  eorneal  sear  may  often 
be  imt>rovcMl  if  we  make  the  4*car  opaque  by  tattooing  it  (see  pages  302  and  305). 

It  is  obvious  that  the  degree  of  sight  that  is  rt»gaifiod  depentls  also  upon  the  condi- 
tion of  the  percipient  partn  -a  eoiHÜtion  which  Bhould  ]w  ascertained  before  the  opera- 
tion by  testing  the  perception  of  light.  With  regard  tu  ihii*  point  sfiecial  stress  must 
lie  lai<l  u|xin  the  fact  that  in  fenfifi'j  the  jicnphirif  it}  itu-  iwwi  fidä  we  nliould  awk  not 
only  if  the  light  is  s(H»n  when  held  to  one  side,  Init  also  where  it  is.  If  neei^*^«ary,  we 
make  the  patient  |K*int  to  it  or  graap  at  it.  It  not  infrequently  happens  that  the  patient 
n^eogüiiseij  the  glimmer  of  the  light  an  soon  i%a  the  candle  flame  appears  in  the  pe- 
riphery of  the  visual  field,  but  that  he  tclln  its  place  wrong.  He  says  every  time,  for 
instance  that  it  is  on  the  right  hand  even  when  it  is  held  in  #u»me  quite  difTerent  spot. 
This  is  aecounted  for  as  follows:  When  an  eye  with  transparent  media  is  teötwl  wilh 
a  candle  flame  in  a  dark  rimm,  there  is  formed  ufxin  the  retina,  at  a  point  opjxjsite  to 
the  Harne,  an  image  of  ilie  lalter,  while  the  rest  of  the  retina  b  not  illuminateti  and 
lia.s  a  sensation  <d  tiarkneas.  If  that  part  of  the  retina  which  is  situateil  directly  up- 
ixiwite  the  light  wen»  insensitive,  no  light  would  be  seen  at  all.  The  ciise  is  difTerent 
with  an  eye  wliu«e  motlia  are  cloudy.  In  this  the  rays  emanating  fron»  the  light  are 
M>  disperned  by  the  cloudy  tnedia  that  the  #,hole  retina  is  illijminate«l  no  matter  where 
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the  light  is  placed.  To  be  sure,  the  illumination  of  the 
There  are  always  more  rays  falling  upon  that  part  of 
the  light  than  upon  the  other  regions  of  the  retina,  and 
when*  the  light  is;  but  he  would  also  see  the  light  if 
opposite  the  latter  were  insensitive,  since  the  rest  of  tl 
upon  it.  Let  us  assume  that  the  whole  retina  has  becor 
tion  of  a  region  situated  on  the  temporal  side.  This  lat 
light  iruiy  be,  will  receive  diffused  light  and  will  perc 
locate  X  he  source  of  this  sensation  in  the  portion  of  th< 
to  this  mgion  of  the  retina,  and  will  therefore  believe  i 
his  ntisiil  side.  Hence  the  mere  statement  that  a  light : 
the  pis-session  of  functional  capacity  by  all  parts  of  the 
that  tlie  situation  of  the  light  be  told  correctly  every 
How  must  a  man  adjust  his  eye  in  order  to  see  with 
Jj&l  \is  assume  that  the  eye  is  affected  with  a  central  st 
so  that  it  can  see  only  with  the  assistance  of  a  coloboma 
Must  this  eye,  in  order  to  fix  an  object,  o,  be  turned  d 
may  He  opposite  the  object?  By  no  means.  The  refrac 
takes  pJace  in  precisely  the  same  way  as  in  a  sound  on 
the  portions  of  the  beam  emanating  from  o  which  enter 
in  the  center,  but  those  situated  above  and  correspor 
latter  throw  the  image  upon  the  fovea,  /,  provided  the 
An  ob]f*ct,  o,,  which  is  situated  opposite  the  coloboma  w 
the  ffivta,  and  would  therefore  not  be  seen  by  central 
eccentrically  placed  pupil  performs  fixation  in  the  sar 
It  is  not  superfluous  to  lay  particular  stress  upon  this 
neous  ideas  prevail  with  respect  to  it.  In  a  very  leanu 
tosa,  one  can  read  how  in  this  disease  an  iridectomy  d< 
of  tht!  lens  are  present,  because  in  that  case  the  images  oi 
ripherfil  portions  of  the  retina  which  are  insensitive!  i 
be  so  <uJy  if  the  objects  themselves  were  situated  in  th 


Fio.  408. — Path  of  Rats  xn  the  Cask  of  an  Soosit] 

The  considerations  just  adduced  also  furnish  an  a 
a  man  would  see  double  who  has  colobomata  in  both 
directions — e.  g.,  upward  in  the  right  eye  and  inward 
Will  be  binocular  single  vision,  since  the  object  of  fixatii 
»pot  in  both  eyes — namely,  the  fovea — no  matter  when 


[Fio.  40O^LAOitANGr*0  OrsRATiOK — Awrmm  Dk  Scewbikitk. 
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Iridectomy  for  Glaiicoma. — The  effectiveness  of  iridectomy  in  glau- 
coma is  regarded  as  consisting  in  the  fact  that  the  scleral  scar,  acting  as 
a  substitute  for  the  impermeable  ligamentum  pectinatiim,  enables  the 
aqueous  to  filter  out  (filtration  scar,  page  488).  Increasing  condensation 
of  the  iridectomy  scar  is,  therefore,  thought  to  be  the  cause  of  the  subse- 
quent recurrences  of  increase  of  tension.  If  this  view  is  correct,  the  c>s- 
toid  scars,  in  which  the  oedema  of  the  conjunctiva  over  the  scar  leaves 
no  doubt  as  to  the  oozing  of  the  liquid  through  it,  must  be  regarded  as 
being  the  most  advantageous.  In  order  to  make  a  cystoid  scar  designedly 
Lagrange  has  proposed  a  special  way  of  making  the  section.  The  incisioa 
is  made  with  a  Graefe  knife  [in  such  a  way  as  to  divide  the  sclera  in  the 
irido-corneal  angle.  Puncture  and  coimter-puncture  are  placed  1  mm. 
from  the  limbus.]  The  operator,  as  he  cuts,  holds  the  knife  flat,  so  as  to 
pass  very  obliquely  through  the  sclera,  and  come  out  beneath  the  con- 
junctiva several  millimetres  back  of  the  limbus.  He  then  divides  the 
conjunctiva  so  as  to  form  a  flap.  After  the  conjunctival  flap  has  been 
laid  back  upon  the  cornea,  the  tongue  which  the  knife  has  fashioned  from 
the  sclera  becomes  visible.  By  grasping  this  tongue  with  the  forceps 
and  dividing  it  with  the  scissors,  a  defect  is  made  in  the  sclera  which 
reaches  to  its  deepest  layers.  [In  other  words,  the  sclera  is  deeply  bevele«!. 
After  this  sclerectomy  has  been  done,  iridectomy  is  F)erformed  in  the 
usual  way,  and  the  conjimctival  flap  is  brought  up  and  laid  over  the 
defect  in  the  sclera.  Similar  in  principle  is  the  combined  sclerectomy 
and  iridectomy  of  Herbert. — D.]  The  direct  results  of  this  method  of 
operation  are  in  my  experience  good.  Whether  it  can  permanently  fore- 
stall recurrences  of  glaucoma,  more  prolonged  observations  will  have  to 
shov.     [These  so  far  have  confirmed  this  good  opinion. — D.] 

III.  Iridotomy. 

158.  Iridotomy  consists  in  simply  dividing  the  iris  without  excising 
a  piece  of  it,  and  in  this  respect  differs  from  iridectomy.  It  ser\'es5  the 
purpose  of  making  a  new  aperture  in  the  iris  when  the  pupil  is  closeil 
and  of  thus  producing  a  new  pupil.  As  the  incision  in  the  iris  would  al.<o 
affect  the  lens  which  lies  behind  it  and  would  thus  produce  traumatic 
cataract,  this  operation  is  adapted  only  to  those  cases  in  which  no  lens 
is  present.  In  most  cases  the  operation  has  to  do  with  eyes  which  have 
been  operated  upon  for  cataract  but  which  have  lost  their  sight  again 
through  a  subsequent  irido-cyclitis.  In  these  cases  the  iris  is  united  with 
the  exudation  membrane  and  with  the  secondary  cataract  to  form  a  firm 
diaphragm,  which  separates  the  cavity  of  the  chambers  and  the  cavity 
of  the  vitreous.  To  restore  sight  the  diaphragm  must  be  perforated. 
This  can  be  accomplished  by  a  simple  incision,  if  this  is  so  directed  as  to 
divide  the  diaphragm  along  a  line  perpendicular  to  that  of  greatest  ten- 
sion; then  the  incision  gapes  from  retraction  of  the  edges  of  the  wound 
and  leaves  a  slit-like  pupil  (cat*s-eye  pupil). 
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The  operation  may  be  performetl  with — 

(a)  The  (jrarfe  knife^Tlna  is  pIungcHl  through  cornea  and  diaphra^i, 
and  the  Täiter^dividedln  a  direction  perpendicular  to  that  of  greatrs^t 
tension.    This  method  is  applicable  only  when  the  diaphragm  is  not  too  #,  j 
thick.     Were  this  tlie  case,  the  diaphragm  would  offer  great  resistance  *^' 
to  the  knife,  and  in  the  endeavor  to  divide  it  the  ciliary  body  would  be 
pulled  uj>on.  and  this  might  start  a  new  attack  of  iriilocyclitis. 

(b)  The  scissors  forceps  (pinces  ciseaux)  by  De  Wecker  s  method. 
W^ith  the  lance  knife  an  incision  is  made  along  the  corneal  margin,  and 
through  this  the  seisi^rs  forceps  is  introduced  closed  into  the  chamber. 
Here  the  itist rumen t  is  opened,  and  its  posterior  sharp  blade  is  plunged 
through  the  diaphragm  while  the  anterior  blade  remains  in  the  anterior 
chamber;  then,  by  closing  the  scissors  forceps,  the  diaphragm  is  divided 
piTpendicularly  to  the  direction  of  greatest  tension.  This  is  a  severer 
operation  than  the  former,  and  is  also  usually  associated  with  loss  of  vit- 
recius.  On  the  other  hand^  it  does  not  cause  any  dragging,  as  in  it  the 
diapßragm  is  divided  just  as  a  sheet  of  paper  is  cut  in  two  by  scissors* 

[(c)  Zieglers  knife-needle, — Thi5  is  entered  at  the  upper  sclero- 
corneal  junction,  with  the  blade  turned  on  the  flat.  The  point  is  carried 
down  toward  the  bottom  of  the  anterior  rhamljer  and  then  swung  3  mm. 
to  the  left,  the  edge  of  the  knife  lacing  turned  downward^  the  point  is 
plunged  into  the  iris»  and  the  blade  gradually  drawn  back  so  a.s  to  make 
an  oblique  cut  in  the  iris  from  below  upward.  The  blade  is  then  swung 
over  to  the  other  side  of  the  chamb(T  and  a  similar  cut  made  from  below 
upward  meeting  the  first  cut  at  its  apex.  A  triangular  tongue  of  iris  is 
thus  marked  out,  which  falls  do^-ti,  leaving  a  triangular  pupil. — D.) 

Iridotomy  sometimes  fails  owing  to  the  too  great  firmness  of  the 
diaphragm,  which  may  actually  be  ossified;  but  even  an  excellent  im- 
mediate result  may  l)e  oul lifted  because  the  old  iridcHcyclitis  is  lighted  up 
again  by  the  operation,  anri  the  pupil  made  by  it  is  closed  again  by  re- 
ni'wed  exudation.  H(*nce  we  put  olT  the  performance  of  iridotomy  as  long 
as  f>ossiljle  until  all  inflanuiuiti»ry  synij>tonis  have  disappeareil,  unless?  we 
are  compelled  to  operate  .speedily  l*y  special  cireynistanc(^,  such  as  pro- 
trusion of  the  iris,  increase  of  tension, or  beginning  atrophy  of  the  f*yel>all. 

In  orilcr  to  be  able  to  porforra  an  iridotomy  without  düngor  to  the  lens,  in  ca^ie 
this  is  prcsf^nt,  we  muy  tlo  an  rxira-ocuUir  Inf  prrfntiirni\  {ri^Litrtttry  We  make  a  p  Ju«*» 
tijiT  in  the  liinbiL*  with  tht»  !atieo"'kmfe,  as  for  an  irrtle«  lofny,  draw  uut  the  iria  [prefer- 
ably with  a  blunt  hookj,  inrime  it  in  a  radial  direction  (from  the  i>upillary  to  the  ciliary 
bonier),  and  then  retui'n  it  to  the  anterior  chamber,  hi  thia  way  a  V-^^haped  gap  ia 
raade  In  the  irls^  and  a€eordin(?ly  we  use  this  method  of  operating  in  place  of  an  optical 
irideetomy,  when  we  wish  to  get  a  very  narrow  eoloboma. 

Another  cilsc  in  whieh  it  is  jwaeible  to  jM^rform  iridntomy  when  the  lens  is*  preaen» , 
without  injuring  the  latter,  is  found  in  hump-like  protrusion  of  the  iris  such  as  results 
from  seelusio  pupilbe;  for  here  a  eonsiderable  inlerspare — natnely,  tht*  cnla^g(^d  ]KiH- 
terior  chamber — separates  tlie  iris  from  the  hns.  Iridotomy  in  tliis  f^tj^^  may  be  done  by 
imw^fixiem  of  the  iris  (Hk  l**^)-  A  Ctraefe  knife  isentrrtHi  about  1  mm.  to  the  inner  nide 
of  the  temptjral  margin  of  the  cornea»  parsed  through  the  anterior  chamber,  and  nin^h: 
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to  emerge  at  a  spot  near  the  inner  margin  of  the  com 
with  reäpect  to  the  point  of  entry.  The  points  of  enti 
meridian  of  the  cornea,  and  the  knife  is  held  so  that  it 
of  the  cornea.  Since  the  iris  is  driven  forward,  the  kni 
the  anterior  chamber  pierces  the  most  protruding  port 
and  na^lly  and  makes  holes  in  it.  These  holes  remaii 
the  communication  between  the  anterior  and  poster! 
to  ttfS  fonrier  position,  and  the  intra-ocular  pressure  beco 
shaped  protrusion  of  the  iris,  this  operation  may  const 
iridectomy;  and  in  cases  of  this  sort  it  may  be  done  a 
iridectomy,  so  that  the  latter  can  be  done  later  undei 


IV.  Discissio  Catarac 

(a)    Discission  of  Soft  Ca 

159.  Discission*  of  soft  cataracts  has  for 
the  anterior  capsule  of  the  lens  in  order  to  el 
latter.  Discission  is  performed  with  a  sick 
the  knife-needle  (see  Fig.  410)],  which  is  past 
(keratonyxis  )^  The  site  of  the  puncture  is  tl 
outer  quadrant  of  the  cornea,  at  which  spot  th 
the  cornea  and  perpendicular  to  the  latter,  ar 
in  the  anterior  chamber  as  far  as  the  anterior 
latter  is  then  laid  open  by  one  or  more  incisio 
(which  has  previously  been  dilated  with  atrop 
handled  very  lightly,  no  pressure  being  made  w 
movements;  moreover,  the  incisions  should  n 
lens.  The  needle  is  then  withdrawn  from  th 
quickly  so  that  the  aqueous  may  not  escape. 

After  the  operation  the  aqueous  enters  tl 
'm  the  capsule,  and  the  lens  swells  up  and  is 
manner  described  at  length  under  the  head  < 
page  520).     In  fact,  discission  is  nothing  but 
of  injury  of  the  capsule  that  accident  so  freqi 

Discission  is  adapted  for  all  soft  cataracts 
capable  of  complete  resorption  because  they 
cleus.  This  is  the  case  in  children  and  in  ad 
also  be  made  in  those  cataracts  that  still  conti 
lens  substance»  since  these  become  opaque  \ 
aqueous.  The  form  of  cataract  most  frequent 
is  perinuclear  cataract.  Lastly,  discission  n 
removing  perfectly  transparent  lenses,  when 
away  with  a  high  degree  of  myopia  by  operat 

In  the  cases  cited  discission  may  be  the  < 
after  doing  it  we  simply  wait  for  a  gradual  res 
place.    This  usually  requires  some  months,  an< 

]  From  diäcinderet  to  split  (i.  e.,  the  lens  capsule).        '  Fron 


OPERATIONS  UPON  THE  EYEBALL. 


001 


sioii  is  often  necegisary.  But,  to  shorten  the  duration  of  treatment»  we 
may  idso  employ  discissiou  simply  us  a  preliminary  openition  to  make 
the  k'iiü  fit  for  extrat'tion.  For  thi«  purpose  we  make  the  discission  quite 
free»  so  aa  t^  get  a  rapid  opacifi ration  and  .swelling  of  the  lens.  As  soon 
as  this  has  advanced  to  a  certain  point—which  is  the  case  some  days  or 
weeks  after  the  discission — the  softened  and  diäintegrated  lens  is  re- 
moved by  a  linear  extraction. 


-«E 


<«c 


[Fio.  410.— Instäüiäkstb  ron  PAiiAc«i«TK»ia  awj»  Disciwiok. 


a,  bromdl  needle  for  paraceint«»!«!.  b.  Bowman's  Mop  needle,  c.  Vkunmikm'n  broad  psiBoentattii 
needle,  rf.  Beer'»  catnnict  n«dle.  e^  coucbiriir  tie«tlle.  f.  Knapp '^  knife-needle.  OTlier  ULstrunienU 
required  mre  m  epeotilum  and  ti:iiii|^  foreeptA  (eee  Fig,  397}  und  for  dividiojE  9om«  membruiotis  vrntMrmeta, 
De  Wecker'»  ff  ■-^'-    '"-    -^^      ">  ^ 


im  and  li:iiii|^  foreejMi  {m 
ifm.  406,  A).— D.f 


The  main  advantage  of  discission  consists  in  the  freedom  from  dan- 
ger of  the  operation  itself  and  in  the  simplicity  of  the  after  treatment. 
Since  the  small  puncture  in  the  cornea  closes  again  directly,  the  patient 
is  not  comf)elled  to  keep  to  his  bed  after  the  operation  and  the  handage 
may  he  dispensed  with  after  one  day.  If  liie  course  is  favorable,  no 
further  treatment  is  required  than  to  keep  the  pupil  diiated  with  atro- 
pine until  the  resorption  of  the  lens  is  complete.  Discission,  therefore, 
is  the  only  cataract  operation  which  can  be  employed  with  very  small 
children  who  do  not  keep  quiet  after  the  operation. 

During  the  after  treatment  various  accidents  may  occur  necessitat- 
ing interference  on  the  part  of  the  physician.  These  are  sometimes 
produced  by  the  fact  that  the  process  of  swelling  takes  place  with  too 
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great  violence;  sometimes,  on  the  contrary,  by  the  fact  that  the  swelling 
and  absorption  of  the  lens  are  brought  to  a  standstill. 

The  violent  swelling  of  the  lens  may  be  caused  by  too  extensive  a 
splitting  of  the  capsule,  owing  to  which  the  lens  is  exposed  to  the  action 
of  the  aqueous  over  an  excessively  large  area.  In  other  cases,  again, 
there  exists  in  the  lens  a  peculiar  tendency  to  swell,  which  makes  itself 
apparent  even  with  small  incisions  of  the  capsule.  The  results  of  a  rapid 
swelling  of  the  lens  may  be  either  increase  of  tension  or  irido-cyclitis. 
The  former  manifests  itself  by  the  dull  appearance  of  the  cornea,  by  an 
increase  of  tension  perceptible  to  palpation,  and  often  by  the  occurrence 
of  pain;  and  these  symptoms,  if  they  were  allowed  to  persist,  would  lead 
to  amaurosis  due  to  excavation  of  the  optic  nerve.  The  iritis  is  caused 
either  by  the  mechanical  injury  (pressure)  or  the  chemical  irritation 
which  the  swelling  masses  of  lens  substance  produce  in  the  iris.  Both 
increase  of  tension  and  iritis  are  particularly  to  be  apprehended  in 
elderly  persons,  because  these  stand  swelling  of  the  lens  worse  than 
others  do.  To  avoid  these  accidents  the  pupil  must  be  kept  well  dilated 
with  atropine,  so  that  the  swelling  masses  of  lens  substance  may  come 
into  contact  with  the  iris  as  little  as  possible.  Excessive  swelling  is 
most  effectively  combated  by  iced  compresses,  which,  moreover,  have 
an  antiphlogistic  action.  The  best  remedy  against  the  consequences  of 
excessive  swelling  of  the  lens  is  the  removal  of  the  swelling  masses  by 
extraction.  If  we  had  intended  at  the  start  to  have  an  extraction  suc- 
ceed the  discission,  a  considerable  swelling  of  the  lens  is  rather  what 
we  should  desire.  But  if  we  wish  to  get  along  with  a  discission  alone, 
we  must  make  the  discission  itself  quite  limited  so  as  not  to  be  com- 
pelled by  excessive  swelling  of  the  lens  to  perform  an  extraction 
afterward. 

In  contradistinction  to  the  cases  just  mentioned,  there  are  others  in 
which  from  the  outset  the  processes  of  swelling  and  resorption  of  the 
lens  take  place  to  an  insufficient  degree.  In  this  event  we  are  often  deal- 
ing with  the  kind  of  lenses  which  are  most  likely  to  be  found  in  aged 
persons,  and  which  can  swell  but  little.  In  other  cases  everything  goes 
well  at  first,  but  after  a  part  of  the  lens  has  been  absorbed  the  swelling 
and  resorption  come  to  a  standstill.  The  cause  of  this  commonly  lies 
in  a  union  of  the  capsular  wound,  which  takes  place  to  such  an  extent 
that  the  aqueous  no  longer  comes  into  contact  with  the  lens  fibers.  In 
either  case  the  indication  is  to  repeat  the  discission,  in  doing  which  one 
may  proceed  more  boldly  than  in  the  first  operation  and  make  an  exten- 
sive opening  in  the  capsule. 

Discission  is  contraindicated — 1.  In  elderly  persons  whose  lenses 
already  have  a  nucleus,  and  whose  eyes,  moreover,  do  not  bear  well  the 
swelling  of  the  lens.  2.  In  subluxation  of  the  lens,  a  condition  which 
is  recognized  by  the  tremulousness  of  the  latter.  In  this  case  discission 
is  impracticable  on  technical  grounds,  since  the  lens  being  insufficiently 
fixed  in  its  place  would  recede  before  th«  discission  needle.     3,  When 
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Is  considerable  thickening  of  the  rapsule  of  the  lens,  as  in  this 
ease  the  disnission  needle  vvoukl  cause  iuxation  of  the  lens  before  it  could 
tear  through  the  capsule.  4.  In  the  presence  of  posterior  syneehiEe» 
wliich  render  the  dilatation  of  the  pupil  by  atropine  impossible.  In  f^uch 
a  case  an  iridectomy  would  have  to  precede  the  discission. 


■  (6)  Discission  of  Membranous  Cataracts  {Dilaceraiion). 

160.  The  discission  of  membranous  cataracts  is  not  made  with  the 
view  of  effecting  their  resorption,  since  shrunken  cataracts  no  longer 
contain  much  or  any  matter  capable  of  teing  absorbed.     On  the  con- 
trary, their  object  is  to  make  a  free  opening 
in  the  cataractous    membrane  by  tearing  it 
apart,  and  for  this  reason   it   had   better  be 
called   dilaceratio   cataracts.     [The   name  is 
not    applicable    to    the    operation    with    the 
knife-needle,  which  is  a  rutting  not  a  tear- 
ing.—  D.]     The  operation  may  Ije  performed 
either   through    the    cornea   or   through   the 
sclera. 

In  the  operation  through  the  cornea  (kera- 
tonyxis)  the  puncture  is  made  in  the  center  of 
the  outer  and  lower  quadrant  of  the  coniea, 
as  In  the  discission  of  a  soft  cataract.  The 
needle  is  then  pushed  forward  and  plunged 
through  the  cataract,  and  then  the  attempt 
is  made  by  means  of  sweeping  movements  to 
tear  the  cataract  in  all  directions,  so  that  as 
large  a  gap  as  possible  may  be  formed  in  it. 

In  the  of)eration  through  the  sclera  (sclero- 
n3rxis^)  the  needle  is  plunged  in  perpendicu- 
larly through  the  sclera,  6  mm,  behind  the 
external  margin  of  the  cornea,  and  somewhat 
below  the  horizontal  meridian,  and  is  then 
pushed  forward  so  that  its  point  passes  through 
the  cataractous  membrane  into  the  anterior 
chamber  close  to  the  external  margin  of  the 
pupil.  Then  the  attempt  is  made  to  tear  the 
cataract  to  the  greatest  possible  extent  by 
means  of  sweeping  movements  in  which   the 

point  of  the  needle  travels  from  liefore  backward.  The  difference 
between  discission  through  the  cornea  and  that  through  the  sclera  lies  in 
the  fact  that  we  are  able»  by  the  latter  method,  to  bring  a  much  greater 
force  to  l^ear  upon  the  cataract  with  the  needle  and  even  depress 
it  into  the  vitreous. 


tFio,  411, — Incibiok    with    the 
K.vir»?i'£:i:Di.ic    in    So  it    Piti- 

MAJtY  AND  IN  SKCONPAHT  CATA- 
RACT. (After  Knapp  io  Nonii 
and  Oliver  J 

The  knife-npwlle  in  entcrcKl  3 
mm.  from  the  margin  of  the  Vi>T- 
ne»  in  the  horisontal  meridian. 
The  n««dlo  i«  advanced  to  about 
2  mm,  beyond  the  aateriur  polo  of 
the  leriJ«,  thrust  throuch  the  lenn 
capitiale  and  (if  the  lens  b  prcwent> 
through  the  RUiperficinJ  layers  of 
the  lemi.  and  ilmviQ  hack  bo  lui  to 
make  a  iioriKonial  inriHJon,  «  h,  4  to 
5  mm,  Ion«.  Then  tfie  poinf  of  the 
needle  w  rai*etl  toward  the  cornea, 
und  puHhe^'l  upward  in  front  of 
the  caprtule  to  the  pomt  c  from  2 
|o2.5  mm.  above  the  borixonta)  iiir- 
eijitön.  Here  the  eap*ule  ih  tran»- 
fixed  and  is  dividerl  by  a  down- 
warti  sweep  »K  far  ai*  th*»  borixonal 
inri^ion^  TIip  itame  mnncüuivre  n 
done  on  the  lower  half  of  the  eap- 
fiiiile  frcim  t^,  below  upward,  so  that 
the  three  ctjifi  make&rrurial  open- 
ing with  arm»  4  or  5  mm,  lonj;^. 
When  the  y[>erfttion  i»  done  m  a 
proliminary  to  extr&ption»  the  in- 
cision may  be  lonaer  atifl  d«M»per, 
and  in  membranous  ctttaructiM  will 
l>e  varted  in  mr.c  an<\  Hituation  to 
Buit  the  exigeneie.'a  c)f  the  cawp. — DJ 


*  [From  »ctera  and  PVFTtiv,  to  prickl. 
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Discission  is  adapted  for  all  membranou 
are  not  too  thick,  and  that  there  are  no  extei 
aract  to  the  iris.  Discission  is  frequently  d< 
tion  after  the  extraction  of  cataract,  to  rem 

Scleronyxis  is  adapted  only  to  those  cases  in  whicl 
tions  of  the  lens  left  which  are  able  to  swell  up.  In  soft 
it  is  designed  to  subject  to  the  processes  of  swelling 
make  discission  through  the  sclera,  for  in  that  case,  in 
sule,  we  would  have  to  pass  the  needle  through  the  < 
all  to  pieces — a  procedure  which,  apart  from  the  fact 
whole  lens  in  doing  it,  would  give  rise  to  excessive  an( 

Dilaceration  of  a  membranous  cataract  is  an  op 
disturbance  as  long  as  there  are  no  adhesions  betweei 
the  latter  case  there  is  danger  of  undue  traction  bein^ 
sequent  irido-cyclitis.  Simple  discission  should  be  m 
membrane  is  thin  enough  to  be  torn  apart  without  b 
of  rather  thicker  membranes  the  operation  can  be  don 
posed  by  Bowman.  In  this  two  needles  are  passed  t 
time,  one  near  the  inner,  the  other  close  to  the  outer  a 
of  the  needles  are  plunged  into  the  center  of  the  membi 
ing  movements.  Thus  the  membrane  is  torn  in  such  a 
lies  between  the  two  needle-points — i.  e.,  in  the  centei 
remains  free  from  traction  of  any  kind.  Another  metl 
in  the  operation  consists  not  in  tearing  the  membrane 
it  with  a  sharp  Graefe  knife  [or  Knapp's  knife-needle  or 
through  the  cornea  [see  Fig.  411].  Sometimes  there  if 
section  on  into  the  iris,  so  that  the  capsulotomy  is  com 

V.    EXTRACTIO   GaTARA( 

161.  The  object  of  cataract  extraction  is  t 
eye  immediately,  and  as  completely  as  possit 
of  three  steps:  1.  The  making  of  a  section 
accordance  with  the  size  and  consistence  of  t 
may  lie  in  the  cornea  or  in  the  sclera.  2.  Oper 
in  order  to  allow  the  lens  to  escape  from  it 
of  the  lens  by  pressure  exerted  upon  the  eye 
step  is  added  to  the  operation — namely,  the  e 
iris.  This  iridectomy  is  regularly  performed 
tion  of  the  section.     The  most  usual  methods 


r 


(a)  Linear  Extraction 

Linear  extraction  is  so  called  because  the 
mately  linear  (see  page  875).    Linear  extract 
formed  both  in  soft  and  in  membranous  cata 
done  in  two  different  ways,  which  are  modificai 

L  In  operating  upon  a  soft  cataract  the 
Et  the  iimbus  in  the  lower  margin  of  the  corne 
tht^  blade  must  be  held  parallel  to  the  corn« 
tht^n  pushed  forward  until  the  wound  in  the  1 
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has  a  length  of  4  to  7  mm.  (S  *S^  Fig.  413).  Then  the  lens  capsule 
nmal  be  very  thoroughly  torn  op  in  the  urea  of  the  pupil,  which  lias 
becm  previously  diluted  by  means  of  atropiDe,  For  opening  the  capsule 
we  nmy  use  either  a  discission  needle,  a  sharp  hook  (Fig.  412^  d)  or  a 


«-^ 


0^=^ 


» 


|Fio,  lia.^lTiftTmüiiXNT»  roa  C4TAajkCT  ExnucrtoK. 

a.  Graefe'a  caturnct  knife  (linear  knife).  Vmd  also  in  psraof^nt^si^,  indeetOTay,  and  iridotoinv- 
(pH«!»  887i  888.  889.  89U,  894,  iwid  89fl,>  h  eystitome  and  Daviel'»  scoop.  (Pinp»  882,  887.  907,  915. 
ftad  916J  Cf  KuKpp'»  cyalitomo  (right  and  left),  u>>eti  in  catanet  en  traction  without  indcc  torn  >.  d. 
Tyr«li'B  fbArp  book  for  teahxig  tbe  cft|)su!«.  r,  capi^ule  forcNspt.  f,  win  loop,  ff,  ■patutifc  to  reduce  the 
iri8  aud  AtroLif  it  out  «roootb.  Other  Jnatnimenis  rei|uircd  are  a  8p««u]uni  and  Üxm«  forceps  {so«  Fig. 
397)  and  if  the  cataract  id  done  with  iridectomy,  aa  indectotny  forceps  and  scissora  (*oc  Fig.  40Ö.) — D.J 

capsule  forceps  (Fig.  412  e).  After  this  the  lens  masses  are  discharged 
by  making  pressure  on  the  eyeball  with  the  finger  through  the  upper  lid 
and  at  the  same  time  depressing  the  peri[>henil  lip  of  I  he  wound  with 
a  DaviePs  scoop.  By  this  means  the  contents  of  the  eyeball  are  sub- 
jected to  quite  a  great  pressure,  and  the  wound  is  made  to  gape  open. 
This  maita^uwe  is  repeated  until  all  parts  of  the  lens  have  been  re- 
moved from  the  eye. 


s s 

Fig.  413.— Linear  Extrac- 
tion,   Magnified  2  ^^  1. 
Pupil  cUl^ted  with  atropine, 
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If  linear  extraction  is  done  to  remove  a  1 
up  by  a  preliminary  discission,  the  opening 
since  the  capsule  has  already  been  torn  open 
2.  When  a  membranous  cataract  is  to  be  < 
is  made  in  the  same  wi 
a  forceps  is  introduced 
with  these  instruments 
is  grasped  and  drawn 
The  advantages  o 
in  the  fact  that  the  a 
through  the  cornea  obi 
closes  readily,  does  not 
and  does  not  require  i 
ment.     But  owing  to  t 
tion  is  so  short,  this  i 
membranous  or  to  soft  cataracts — i.  e.,  to 
nucleus,  since  the  latter  could  be  removed  t\ 
with  difficulty,  or  could  not  be  removed  at 

(b)  Flap  Extraction 

162.  This  operation  produces  in  the  mar] 
section  of  an  extent  requisite  for  the  removs 
The  operation  consists  of  four  steps: 

First  step:  Performance  of  the  section,  Tl 
linear  knife^  which  is  introduced  in  the*  limbuj 
way  that  the  cutting  edge  looks  upward.  Then 
the  anterior  chamber  to  the  point  of  counter-p 
puncture  should  lie  exactly  opposite  the  site 
being,  at  such  a  level  that  the  upper  third 
separated  by  the  section  so  as  to  form  a  flap, 
been  made,  the  section  is  completed  by  sawin 
whole  extent  it  divides  the  sclera  just  behind  t 
knife  has  cut  through  the  sclera,  it  lies  be 
cutting  which  a  conjunctival  flap  is  formed 
doing  this  it  is  advisable  to  turn  the  knife 
divide  tlie  conjunctiva  quickly.  Otherwise, 
extensible  and  hence  not  easy  to  divide,  the 
from  the  sclera  a  long  way  back,  and  the 
become  too  broad. 

Second  step:  Iridectomy,  After  the  co 
turned  down  upon  the  cornea,  so  that  the  \ 
view,  the  latter  is  entered  with  the  iris  forcei 
to  the  pupillary  margin,  drawn  out,  and  cut 
the  scissors. 

Third  step:  Opening  of  the  capsule,  Tl 
capsule-forceps,  the  delicate  teeth  of  which  ai 


Fio.  414. — Flap  Extraction  with  Iridectomt.     MaRnified  2X1. 
centric  with  the  limbus.     ai  a,  edges  of  the  sphincter. 


5  »Si,  scleral  section,  cod- 


Fia.  415. — Flap  ExTRAmo.s  Without  Iridectomy..  Maicnified  2X1.  S  Si,  corneal  section, 
which  everywhere  lies  in  the  lirabus.  The  pupil  is  greatly  contracted  hy  means  of  eserinc.  As  a 
consequence  of  thi.s  marked  miosis,  the  pupil  is  not  perfectly  circular,  but  somewhat  irregular,  and 
the  fringe  of  pigment  lining  it  has  become  broader. 
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412,  f).  The  forceps,  closed,  is  introdueed  and  passed  on  in  the  anterior 
chamber  until  the  center  of  the  pupil  has  been  reached.  Here  the  for- 
ceps is  allowed  to  open,  and  by  tlie  exertion  of  light  pressure  the  cap- 
sule is  grasped  over  as  large  an  extent  as  possible,  and  is  drawn  out  of 
the  wound. 

Fourth  step:  Expulsion  of  the  lens.  The  Daviel's  scoop  is  placed 
parallel  to  the  wound  against  the  lowermost  part  of  the  cornea,  and 
light  pressure  is  exerted  with  it  upon  the  latter  upward  and  backward. 
Instead  of  the  scoop*  we  may  use  the  finger,  pressing  with  this  through 
the  lower  lid  upon  the  region  of  the  lower  margin  of  the  cornea.  The 
pressure  must  be  stopped  the  instant  the  greatest  diameter  of  the  lens 
has  passed  through  the  wound. 

After  the  operation  is  finished,  the  'UoUd''  of  the  eye  is  next  in 
order  The  portions  of  the  cataract  which  are  still  left  in  the  eye,  and 
also  any  extra vasated  blood,  are  removed  by  stroking  with  the  lower 
lid,*  the  iris  is  replaced  from  the  wound  into  the  anterior  chamber  by 
the  introductioii  of  the  spatula,  until  the  pillars  of  the  coloboma  have 
the  proper  position  (see  page  875),  then  the  conjunctival  flap  is  stroked 
out  smooth,  and  the  eye  is  bandaged. 

Of  the  four  steps  of  the  operation  the  second  may  be  omitted,  and 
the  operation  done  mthout  irideclomif.  In  the  latter  case  the  iris  must 
l>e  carefully  replaced  after  the  operation  is  finished,  and  then  eserine^ 
must  be  instilled  in  order  to  prevent  by  the  contraction  of  the  pupil  any 
subsequent  prolapse  of  the  iris  (Fig.  4L5).  A  position  raidw^ay  between 
the  operation  with  and  without  iridectomy  is  the  modification  proposed 
by  Pfliiger  and  Hess.  This  consists  in  exsecting,  after  the  delivery  of  the 
lens  has  been  etTected,  a  very  small  bit  of  that  part  of  the  periphery  of 
the  iris  w^hich  lies  directly  beneath  the  wound.  The  small  hole  thus  made 
is  concealed  by  the  limbus  and  by  the  upper  lid,  so  that  the  cosmetic 
and  optical  effect  of  the  operations  is  like  that  of  an  operation  without 
iridectomy,  while  yet  the  danger  of  a  subsequent  prolapse  of  the  iris  is 
rendered  very  much  less  (see  page  884).  [This  buttonhole  iridec- 
tomy was  devised  by  Chandler,  who  calls  the  operation  w^ben  so  made 
"modified  simple  extraction/'  C^himdler  points  out  that  the  re- 
tained cortical  lens  matter  can  be  expelled  through  the  hole  thus 
made. — D.| 

The  indiaUwn  for  the  performance  of  flap  extraction  is  furnished 
by  all  cataracts  which  have  a  liard  nucleus,  and  hence  are  not  adapted 
either  for  discission  or  for  linear  extraction.  The  section  is  matle  upward, 
so  that  in  case  iridectomy  is  performed  the  coloboma»  too,  may  be  situ- 
ated above  and  l>e  covered  by  the  iip|>er  lid.  The  section  perforined  as 
atxive  described  is  long  enough  for  the  largest-sized  cataracts.  If  we 
have  a  cataract  to  operate  upon  whose  nucleus  is  probably  small,  we  may 
make  a  section  of  correspondingly  smaller  size. 


«[Or  with  »  epatuls,— Dj 


'[TUw  b  u.iiiUeU  by  io»ay  op^ravor».— D.i 
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With  regard  to  the  loay  of  making  the  s 
diflfer,  some  making  it  in  the  transparent  co 
case  no  conjunctival  flap  is  formed,  while  othen 
the  marginal  portions  of  the  conjunctiva  covei 
through  the  adjoining  sclera  (Fig.  414),  so  thai 
they  bring  the  knife  up  under  the  conjunctiva 
This  conjunctival  flap  has  the  advantage  o 
agglutinated  to  the  subjacent  parts,  and  so  cl 
even  when  the  edges  of  the  incision  in  the  i 
yet  united.     It  thus  protects  the  wound  fron 

Opinions  differ  not  only  with  regard  to 
section,  but  also  as  to  whether  the  extractioi 
without  iridectomy.  The  omission  of  iridecto 
keeping  the  patient^s  pupil  round  and  mobile 
disadvantages,  which  limit  the  number  of  c 
without  iridectomy  is  indicated.  Thus:  1. 
is  more  difficult  without  iridectomy,  because  t 
through  the  narrow  pupil,  and  to  accomplish  1 
is  required.  Hence,  this  method  is  not  adapte( 
very  easy  delivery  of  the  lens  is  desirable,  as 
tremulousness  of  the  lens  in  which  any  kind 
produce  rupture  of  the  zonula  and  hyaloid  me 
prolapse  of  the  vitreous.  2.  When  the  pupil 
cataractous  renmants  is  difficult,  for  which  i 
iridectomy  is  preferable  for  unripe  cataract« 
iridectomy  is  not  adapted  to  cases  in  whic 
cataract  connected  with  the  iris  by  synechiae. 
eserine,  prolapse  of  the  iris  may  take  place 
operation.  In  this  case  we  are  obliged  to  mal 
the  prolapsed  iris.  Accordingly,  extraction  ^ 
adapted  to  cases  which  show  a  great  tenden< 
iris,  nor  to  those  in  which  we  can  not  count  i 
ing  quiet  after  the  operation.  It  may  also 
may,  after  taking  all  these  facts  into  considei 
an  extraction  without  iridectomy,  and  yet  in 
tion  may  find  himself  compelled  to  excise  the 
instance,  when  the  pupillary  portion  of  the  i 
often  is  in  old  people)  that  it  does  not  allow  th 
the  pupil,  and  the  latter  has  to  be  widened 
the  passage  can  take  place.  In  other  cases 
goes  on  well,  but  the  iris  shows  a  tendency, 
tion,  to  fall  again  into  the  wound.  In  this  eve 
at  once  than  to  run  the  risk  of  a  subsequent 
may  therefore  say:  Flap  extraction  withoul 
favorable  circumstances  the  most  perfect  rest 
all  cases,  and  in  many  cases  it  can  not  be  don 
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to  the  tlanger  of  a  subsequent  proiapse  of  the  iris,  it  does  not  attain  to 
tlie  abiiost  absolute  certainty  of  success  that  belongs  to  flap  extraction 
with  iridetioniy. 

Accidents  Occurring:  in  the  Operation  for  Cataract. — The  ex- 
rtractioii  may  be  made  diUifuH  or  fail  altogether,  owing  to  accidents  of 
various  nature.  Many  of  these  are  the  fault  of  the  operator.  If  the 
section  proves  to  Ik?  too  shorty  or  if  the  ca]>sule  is  iiisufiicientiy  opened, 
the  delivery  nf  the  lens  is  difficult  or  impossible.  In  this  case  the  section 
must  be  enlarged,*  or  the  capsule  must  be  again  ruptured»  and  this  time 
more  thoroughly.  If  the  operator  exerts  too  strong  a  pressure  with  his 
instruments  upon  the  eyeball  as  a  whole,»  or  upon  the  iris  or  lens»  the 
zonula  mixtures  and  the  vitreous  gushes  out.  The  greater  the  operator's 
skill  grows  with  practice,  the  less  freciuentiy  do  tliese  unlucky  accidents 
hapf)en  to  him.  But  there  are  other  accidents  which  are  caused  by  the 
abnormal  condition  of  the  eye  that  is  operated  upon,  and  in  that  case  it 
generativ  does  not  lie  in  the  power  of  the  operator  to  prevent  them.  The 
n  If  ist  frequent  of  these  accidents  is  prolapse  of  the  vitreous.  This  takes 
place  when  the  zonula  ruptures.  Such  rupture  not  in  freciuentiy  happens, 
l:>ecause  the  patient  screws  his  lids  tightly  together  and  thus  presses  upon 
the  eyeball.  It  also  occurs  when  the  zonula  was  defective  before  the 
Of  Miration,  and  hence  especially  in  hypernmture  anil  in  complicated 
cataract.  The  significance  of  prohipse  of  the  vitreous  for  the  subsequent 
course  of  the  operation  differs  according  as  it  takes  place  before  or  after 
the  delivery  of  the  lens.  In  the  former  case  the  lens  can  not  l>e  evacuated 
in  the  usual  manner  by  pressure  exerted  upon  the  eye:  fr*r  then  the 
larger  part  of  the  vitreous  would  escape  before  the  lens  itself  came  away. 
Hence,  the  lens  nmst  l>e  drawn  out  of  the  eye  with  instruments — i.  e,» 
extracted  in  the  true  sense  of  the  word.  For  this  purpose  the  projjer 
instrument«  are  Weber  s  loop  (Fig.  412,  f)  or  Reisinger's  double  hook, 
which  are  introduced  behind  the  lens  and  lift  it  out  by  force  of  traction. 

Prolap.se  of  the  vitreous  is  much  less  to  be  dreaded  when  it  takes 
[jlare  after  deliver}'  of  the  lens.  The  most  serious  harm  that  prolapse 
then  does  is  that  it  hinders  the  accurate  replacement  of  the  iris,  and 
also  that  the  prolapsed  vitreous  lies  between  the  lips  of  the  wound  and 
prevents  their  accurate  coaptation.  The  vitreous  may  also  give  rise  to 
suppuration  of  the  wound,  since  it  is  very  apt  to  become  infected. 
I  [If  the  vitreous  escapes  in  any  quantity»  there  will  be  more  or  less 
^eollapse  of  the  eyeball.  This  may  Ik»  remedied  by  injecting  warm  sterile 
salt  sohition  into  the  anterior  chamber  (see  page  884).  — D.] 

A  rare  but  im pleasant  accident  is  that  in  which  the  lens,  l>efore 
being  delivered,  liecomes  luxated,  and  disappears  into  the  vitreous  from 
which  ordinarily  it  can  not  Im  extracted. 

163.  Result  of  the  Cataract  Extraction. — An  eye  w^hose  lens 
has  been  removed  is  aphakic.    It  presents  the  following  appearance  when 
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the  operation  and  the  healing  of  the  wound  have  pursued  a  nomud 
course:  The  cicatrix  left  by  the  operation,  if  situated  in  the  comea. 
appears  as  a  narrow  gray  line;  if  the  section  has 
been  made  in  the  limbus  or  in  the  sclera,  the  result- 
ing cicatrix  becomes  later  on  almost  luirecognlzable. 
The  anterior  chamber  is  abnormally  deep,  the  iris  is 
tremulous  and,  when  the  operation  has  been  done 
with  iridectomy,  presents  a  coloboma  above.  The 
pupil  is  of  a  pure  black,  but  on  lateral  illumination 
presents  to  view  a  membrane  of  silky  luster,  which 
not  infrequently  is  thrown  into  folds.  This  is  the 
lens  capsule  which  was  left  in  the  eye  when  the 
lens  was  removed.  It  is,  however,  only  the  pos- 
terior capsule  of  the  lens  (Ä,  Fig.  416)  that  is  intact 
throughout.  The  anterior  capsule  (v  Vi),  where  it 
occupies  the  area  of  the  pupil,  is  lacerated  and  in 
part  deficient;  the  remains  of  it  are  applied  directly 
to  the  posterior  capsule.  Since  both  capsules  are 
transparent,  the  pupil  appears  round  and  black. 
Behind  the  iris  the  anterior  capsule,  where  it  was 
protected  from  the  instrument  used  for  making  the 
opening,  is  preserved  intact,  and  in  conjunction 
with  the  posterior  capsule  incloses  remains  of  the 
lens,  which  correspond  to  what  was  once  the  equa- 
tor of  the  latter  (Fig.  416,  fc).  As  the  anterior  and 
posterior  capsules  become  agglutinated  together  in 
the  pupillary  area,  these  remains  of  the  lens  are 
shut  off  from  the  aqueous,  and  can  not  therefore 
be  absorbed;  in  fact,  they  usually  increase  in  amount, 
owing  to  proliferation  of  the  cells  of  the  capsule. 
They  then  form  an  annular  swelling  lying  behind 
the  iris  (Soemmering's  crystalline  swelling).  The 
lumen  of  the  ring,  which  corresponds  to  the  pupil, 
is  closed  by  a  thin,  transparent  membrane  consist- 
ing of  the  two  apposed  layers  of  the  capsule.  As 
the  opaque  and  swollen  mass  behind  the  iris  is  com- 
pletely concealed,  it  in  no  way  interferes  with  vision. 
If  the  operation  has  been  made  with  an  iridectomy, 
the  mass  is  wanting  in  the  course  of  the  coloboma, 
because  the  anterior  capsule  was  opened  there 
likewise. 

Without  glasses  the  sight  of  persons  who  have 
been  operated  upon  for  cataract  is  just  suflScient  to  allow  them  to  go  about 
alone  or  to  do  very  coarse  work.  Distinct  vision  is  possible  only  with  the 
aid  of  convex  glasses,  since  by  the  removal  of  the  lens  the  refractive  power 
of  the  eye  has  become  too  small,  and  hence  there  is  a  high  degree  of  hjrper- 


Fio.  416. — Cross  Section 
THROUGH  THE  Anterior 
Segment  of  an  Eyk, 
upon  which  an  ex- 
traction  has   been 

PERFORM  RD     BY    MeANS 

OF    A    Flap    Section. 
Magnified  4X1. 

The  »ectioD.  «,  which 
was  made  upward  lies  by 
it«  inner  portion  in  the 
oomea,  by  its  outer  por- 
tion in  the  sclera;  the 
latter  is  covered  by  the 
conjunctival  flap,  6.  At  a 
point  corresponding  to  the 
section  the  iris  is  wanting, 
except  for  a  short  stump. 
The  anterior  capsule  pre- 
sents a  large  aperture,  the 
edges  of  which  (v  vi)  are 
curled  over,  while  the  pos- 
terior capsule,  h,  although 
slightly  wrinkled,  is  unrup- 
tured. In  the  lower  part 
of  the  eye  behind  the  iris 
the  remains  of  the  lens, 
which  are  inclosed  in  the 
folds  of  the  capsule,  form 
Soemmering's  crystalline 
swelling,  k,  which  is  want- 
ing in  the  parts  above  that 
correspond  to  the  colo- 
boma. 
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■  metropia.  If  the  eye  was  emmetropic  before  tlie  operation,  the  hyper- 
metropia  afterward  amounts  on  an  average  to  frooi  10  to  12  D. ,  It  is 
otherwise  in  cases^  in  which  an  error  of  refraction  already  existed  before- 
hand. If  a  hypf^rraetropia  wo^  present  previoualy,  it  is  added  to  that 
which  is  acquired  hy  the  operation,  and  makes  it  proportionat^?ly  greater. 
If,  on  the  other  hand,  the  eye  wa^i  myopic  before  the  operation»  the  sub- 
sequent h>TJcr metropia  is  so  much  the  le.s.s;  extremely  myopic  eyes  may 
actually  become  emmetropic  after  a  cataract  operation^  or  even  remain 
a  little  myopicJ  The  aphakic  eye,  moreover,  is  destitute  of  accommoda- 
tion.  The  eye  is  incapable  of  altering  its  refractive  state.  Hence,  it  fol- 
lows that  by  a  single  ^lass  the  latter  is  correct^*d  for  a  single  distance  only. 
Accordingly,  an  eye  that  has  been  operated  upon  for  cataract  needs  at 
least  two  glasses— one  for  distance,  and  the  other  for  near,  [Owing  to 
the  alteration  in  the  corneal  curv^ature  produced  by  the  contraction  of 
the  operation  scar,  usually  a  considerable  amount  (from  1  to  4  D) 
of  inverse  astigmatism  is  produced  by  the  cataract  operation.  This 
usually  diminishes  during  the  first  few  months,  so  that  the  ultimate 
correction  by  glasses  may  be  materially  tüfferent  from  the  immethate 
üorrection.— D.j 


It  often  happens,  even  in  cases  in  which  the  openitam  has  b€»en  well 
perfurnied,  tliut  the  result  of  the  operation  is  impiiireil  by  the  nitniion 
of  portions  of  the  cataract.  This  happens  particularly  when  the  opera- 
tion is  done  on  immature  cataracts,  but  by  no  means  fails  to  occur  also 
in  those  that  are  mature  and  hyper  mature.  If  fiie  anterior  capsule  is 
thoroughly  opened,  the  portions  of  lens  left  beliiiid  (if  they  were  not 
already  opaque  previously)  grow  opa^iue,  swell  up,  and  become  absorbed. 
In  this  case,  therefore,  a  pure  black  pupil  is  ultimately  obtained.  But 
if  the  layers  of  the  capsule  become  agglutinated  early  and  shut  off  the 
remains  of  lens  substance  from  the  aqueous,  these  remains  are  not  ab- 
sorbed but  persist  as  a  white  ntembranous  opacity.  This  is  callfxl  after- 
cataract  (Cataracta  sicundaria).  If  this  is  present  in  only  one  part  of 
the  pupil  while  another  part  of  it  is  quite  clear»  the  sight  may  be  perfect* 
But  if  the  whole  pupil  is  filled  by  the  secondary  cataract,  tlie  sight  is 
diminished  in  jiroportion  to  the  tlensity  of  the  opacity.  It  may  also 
happen  that  the  after-cataract  does  not  develop  until  later  on;  the 
epithelium  of  the  anterior  capsule  which  has  l>een  left  behind  prolifer- 
ating and  iiulucing  a  secondary  thickening  and  opacity  in  the  latter, 
Similarly  the  capsule,  even  without  becoming  opiique,  nmy  Induce  dim- 
inution  in  sight,  if  in  the  course  of  time  it  Ijecomes  more  and  more 
wrinkled  and  thus  causes  irregular  refraction  of  the  rays  of  light. 


^[If  the  eye  wa«  myopic  befoi»  thf  luttnictiün.  the  amntirit  of  nfnitlual  hypcrmc tropin  depends i 
upon  whether  the  myopia  wn» all  aiial  or  was  abo  partly  dw  u,  mcreaaecl  curviitur«  of  the  coruea.  lal 
the  former  eaae,  if  ll  denot«*«  the  rwjidual  hypermetropia  in  dioptnes  and  M  uh>  prv-exiPtms  myop»»,  1 
then,  fenemUy  «peÄkinif.  TI  -  II  — g.  If  M  »''  ^^r  22  D.  then  H  become»  negative,  i.  e.,  repitMcntflJ 
»o  many  ilioptrie«  of  renidiuil  myopia. — D,] 
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After-cataract,  when  it  interferes  with  sight,  requires  a  secondanr 
operation — namely,  discission,  or  linear  extraction.  The  secondary 
operation  should  not  be  performed  until  the  eye  ceases  to  show  any 
trace  of  irritation,  and  in  no  case  sooner  than  two  weeks  after  the  cataract 
extraction. 

The  result  of  a  cataract  operation  may  furthermore  be  impaired  by 
inflammation  (see  page  880).  If  suppuration  of  the  wound  sets  in.  the 
eye  is  almost  always  lost.  If  irido-cyclitis  develops,  the  secondary  cat- 
aract is  united  by  the  exudate  which  is  formed,  to  the  iris  and  even  to 
the  ciliary  processes  (Cataracta  secundaria  accreta).  It  depends  upoD 
the  condition  of  the  light  perception  whether  the  sight  in  such  a  case 
can  be  restored  or  not  by  a  secondary  operation  (iridectomy  or  iridotomy). 

Historical. — In  the  preceding  pages  it  has  been  shown  that  there  are  varkH» 
ways  open  to  us  for  removing  cataract.  We  may  either  subject  it  to  resorptiofi  by 
means  of  discission,  we  may  tear  a  hole  in  it  by  dilaceration,  or  we  may  lemove  it 
altogether  from  the  eye.  But  not  even  by  this  list  are  all  the  methods  of  restoring  the 
sight  of  an  eye  blind  with  cataract  exhausted.  We  might  also,  instead  of  rennoTizig 
the  opaque  lens,  push  it  away  from  its  place  behind  the  pupil  so  that  the  latter  becomes 
free  again.  Tliis  artificial  luxation  is  not  only  practicable,  but  as  a  matter  of  fact 
it  has  been  practiced  for  a  thousand  years;  it  is  the  oldest  method  of  operating  for 
cataract.  This  method,  called  depression  of  cataract^  (depressio  cataracts),  was  made 
in  the  following  way:  A  needle  was  ptassed  into  the  sclera  on  the  outer  side  of  the 
margin  of  the  cornea  and  about  4  nun.  behind  it,  and  it  was  pushed  forward  until  at 
length  it  lay  against  the  upper  border  of  the  lens.  I'hen  the  point  of  the  needle  was 
lowered  by  a  sweeping  movement,  and  the  lens  was  thus  depressed  into  the  vitreous. 
The  moment  this  was  done  the  pupil  became  black  and  the  patient  regained  his  sight. 
This  was  the  only  method  of  operating  upon  cataract  practiced  in  ancient  times  and 
throughout  the  Middle  Ages.  As  time  went  on  it  was  modified  in  various  ways.  The 
last  and  most  important  modification  consisted  in  turning  the  lens  over  instead  of 
depressing  it.  The  needle  in  this  case  was  passed  by  the  margin  of  the  pupil  and  into 
the  anterior  chamber,  and  with  it  pressure  was  made  upon  the  upper  part  of  the  anterior 
surface  of  the  lens.  The  latter  was  thus  turned  over  in  such  a  way  that  its  anterior 
surface  looked  upward,  its  posterior  surface  downward.  This  procedure  was  called 
reclinatio  cataractce. 

The  operation  above  mentioned,  or  "cataract  pricking,"  was,  as  a  rule,  practised 
by  special  physicians.  In  the  Middle  Ages  these  went  from  one  annual  fair  to  another, 
and  there  operated  upon  those  who  were  blind  with  cataract.  When  the  operataoD 
had  been  successfuUy  performed  and  the  honorarium  had  been  paid,  the  ''cataract 
pricker"  traveled  to  another  place.  He  did  not  see  his  patient  again  after  the  opera- 
tion, and  it  was  a  good  thing  for  him  that  he  did  not,  for  the  later  consequences  of 
the  operation  were  as  melancholy  as  the  immediate  result  was  brilliant.  For  the  eyes 
very  often  were  destroyed  either  by  inflammation  or  by  increase  of  tension.  The  in- 
flammation probably  was  caused  as  a  rule  by  infection  with  the  cataract  needle  and 
not  infrequently  was  transmitted  to  the  other  eye  in  the  form  of  a  sympathetic  oph- 
thalmia. At  present  inflammation  might  generally  be  avoided  by  operating  asepti- 
cally,  but  we  have  no  means  of  combating  the  other  deleterious  consequences  of  depres- 
sion or  reclination,  and  particularly  the  increase  of  tension  that  so  frequently  occurs 
when  the  lens  is  luxated.  Hence  the  repeated  attempts  that  have  been  made  to  take 
up  reclination  in  recent  times  have  always  been  abandoned  again.  [The  operation  is  still 
much  practised  by  native  phjrsicians  in  India. — D.J 

It  sometimes  happened  after  depression  or  reclination  that  the  lens  failed  to  re- 
main in  its  place  in  the  vitreous,  particularly  when  the  latter  was  liquefied.     In  such 

*  [Also  couchins  or  displacement  of  cataract. — D.] 
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t  either  immediately  after  operation  or  later,  in  some  cases  not  till  yeare  afterward, 
It  rises  and  placTü  itaaU  in  its  old  position  behind  the  pupil;  it  may  even  {>aäÄ  through 
tht*  pupil  into  the  anterior  rluimlHjr.  Such  cases  of  luxation  of  the  ten»  into  the  an- 
terior cktmber  gave  the  first  occasion  for  the  fx^rfornmnce  of  KXimriioti  of  cataract. 
This  method  of  operating,  if  we  are  \ü  behevc  some  author«,  was  perliaps  practiced 
now  and  tljen  even  in  ancient  times,  hut  at  any  rate  it  had  in  the  Middle  Ages  fallen 
cnmpletely  into  oblivion.  The  first  information  that  we  liave  in  regard  to  it  we  get 
from  the  Beventeenth  centurj'',  when  there  are  several  instances  in  which  the  lens  was 
removeti  from  the  anterior  clmmlMir  into  whic!i  it  had  got  after  the  operation  of  de- 
pre8si*)n.  Tlie  Frenchman  TMinti  Imd  already  done  this  in  several  cases,  when  in  the 
year  1745  he  first  dared  to  undertjike  this  operation  u[nm  a  cataract  which  was  situated 
in  its  normal  position.  In  so  doing  Daviel  inaugurated  a  new  era  in  the  history  of 
cataract  operations,  since  from  that  time  the  extraction  of  cataract  began  more 
and  more  to  take  the  place  of  depression. 

The  original  methocl  of  Daviel  waa 
nattirally  very  much  in  neetl  of  improve- 
ment. Of  the  many  modifications  which 
it  underwent  in  the  course  of  time  the  la^t 
and  best  was  that  of  Heer.  The  latter 
made  the  section  with  a  knife  invented 
by  himself  [Fig.  417],  which  broadens  from 
point  to  handle  so  as  to  have  a  wedge 
ehajxj.  With  l^Jeer's  cataract  knife  it  ia 
possible  to  complete  the  section  by  simply 
pushing  iUo  knife  forward  after  it  has  been 
entereil.  and  owing  to  this  fact  the  section 
acquires  a  high  degree  of  regubrily;  The 
«ection  ran  somewhat  inside  of  the  limbus, 
and  sefTiintted  exactly  I  lie  lower  lialf  of 
the  cornea  from  the  sclera.  Then,  after 
opening  the  capsule,  the  lens  was  delivered,  btit  no  part  of  the  iris  was  excised» 

lieer's  procedure  was  soon  generally  adopted,  and  was  for  a  long  time  the  pre* 
vailing  mettiod.  Jn  successful  cases  it  gave  ideal  result«.  I'he  pupil  was  black,  round, 
and  perfectly  movable,  and  it  was  otdy  ujMm  cUjse  examtnation  of  I  he  eye  that  it  could 
l>e  disct»vercd  tliat  an  operation  for  cataract  liad  lieen  |K"rformetl  at  all.  Unfortu- 
nately, it  alwaj-s  happened  that  a  considerable  number  of  eyes  were  lost  after  thi» 
operation,  e-specially  by  suppumtion  of  the  i-ornea.  As  at  that  time  it  was  not  knimn 
that  this  was  causcil  by  infection  of  the  wound,  the  method  of  operating,  and  par- 
ticularly the  way  in  which  the  section  was  made,  were  regarded  as  accountable  for  it. 
Hence,  other  Ijetter  procfnlures  were  sought  after,  and  this  time  Win  Ciraefe  \^as  the 
one  to  take  the  meist  imjjortant  step  forward  and  create  a  revolution  in  the  methods 
of  pc-rforming  extraction,  by  the  invenlitm  of  liis  method. 

Von  firaefe  considered  that  the  cause  of  the  supptiration  of  the  eomea  in  Beer*a 
method  lay  in  the  shafM?  of  the  section  which  was  made  witli  a  flaj».  This  give^  rise 
to  great  gaping  of  the  incisicm,  in  cfjnseciuence  of  which  the  lijis  of  the  wounds  are 
not  properly  applie<l  to  one  another,  and  this  fact  was  supposed  to  furnish  the  ciiuse 
of  the  suppuratirm.  Von  Ciraefe  aceonJiiigly  Ixilieved  that  the  bne«r  incisions  were 
preferable,  as  he  had  become  convinced  of  tlie  promptnc*is  with  which  they  healed 
in  the  case  of  simple  linear  extmction,  an  ojjeration  which  had  already  l»een  prac- 
ticed by  him.  Accordingly,  he  us  well  as  others,  attempted  to  apply  the  h'near  Jte^iwn 
which  was  made  with  the  lanc<^  knife,  and  which  originally  was  employed  only  for 
soft  or  shrunken  cataracts,  to  large  cataracts  witli  a  hard  nucleus.  With  this  objeet 
these  experimenters  tried  to  make  the  linear  incision  as  large  as  possible  by  pUcing 
it  in  the  upper  pjirt  of  the  cornea,  and  by  combining  it  witli  iride<^tomy.  Others  tried 
to  diminish  the  size  of  the  lens  first  by  cnishing  it  so  as  to  be  able  to  extract  it  through 
the  section.  But  these  attemnts  were  all  unsuccessful  The  section  alwa>'s  remained 
58 
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Be«rV  operatiun  fur  en  I  iira  ct  by  inferior  flap 
with  a  lli'er  s  knife.  Bwr'H  kuifo  i>  a1m>  umo 
for  l}i«  ttbtation  of  strnphylomattt  of  the  eomea 
^puKc  «iiU).— D.I 
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too  small  for  the  cataract,  which  in  its  passage  contused  the  lips  of  the  wound,  so  that 
inflammation  frequently  ensued.  Jacobson,  who  sought  the  remedy  in  another  «ray, 
obtained  better  results.  He  placed  the  section  in  the  sclera.  He  gave  up  the  lioMr 
character  of  the  section,  and  made  a  flap  incision,  skirting  the  lower  ni&rg^i  of  the 
cornea,  but  situated  still  in  the  sclera.  With  this  he  combined  iridectomy.  This  method 
gave  better  results,  and  particularly  a  less  frequent  suppuration  of  tlie  wound.  The 
cause  of  this  was  regarded  as  consisting  in  the  fact  that  the  sclera,  being  a  vascular 
tissue,  is  less  disposed  to  suppuration  than  the  non-vascular  and  hence  more  poorly 
nourished  cornea. 

Von  Graefe  now  attempted  to  combine  in  a  new  method  both  advantages — namely, 
the  Hnear  character  of  the  section,  which  ensures  a  good  coaptation  of  the  edges  of 
the  woimd,  and  the  position  in  the  sclera,  which  affords  protection  against  suppun- 
tion  of  the  wound.    It  soon  became  apparent  to  him  tliat  a  linear  section,  which  should 
be  of  the  necessary  length  and  situated  in  the  sclera,  could  not  be  performed  with  the 
lance-shaped  knife.    The  lance  knife  must  be  pushed  forward  parallel  with  the  plane 
of  the  iris,  and  therefore,  as  soon  as  it  is  desired  to  make  a 
wound  of  any  length  at  all,  produces  a  section  which  is  nearly 
concentric  with  the  margin  of  the  cornea,  and  hence  has  the 
character  of  a  flap.    Von  Graefe  accordingly  devised  the  nar- 
row or  hnear  knife,  which  soon  proved  to  be  one  of  the  most 
useful  instruments  in  ophthalmology.     With   this  knife  he 
performed  the  section  in  such  a  way  that  at  its  oentn-  it 
was  in  contact  with  the  summit  of  the  cornea,  but  at  it& 
ends  was  removed  a  considerable  distance  from  the  corneal 
margin.     The  point  of  entry  is  determined  by  means  of  a 
Fig  418.— Modified  Lin-      ^^^^^^  (^  ^u  F«-  418),  which  is  conceived  to  be  drawn  through 
KAR  Extraction  by      t^®  external  mai^in  of  the  cornea;  the  puncture  («)  is  situ- 
VoN  Graefe'8  Method,      ated  in  this  and  at  that  point  of  it  where  it  is  at  a  diBtanoe 
Magnified  2X1.  of  1  to  1 J  mm.  from  the  margin  of  the  cornea.     The  point 

the^feJr^lhS'irir^hows'S  ^^  emergence,  «„  Ues  directly  opposite  the  point  of  entry, 
large  coloboma  with  very  While  the  section  is  being  performed,  the  edge  of  the  knife, 
divergent  Umbs.  a  c.  which  at  first  was  directed  straight  upward,  is  turned  a  little 

forward,  so  that  the  center  of  the  section  gets  to  lie  r^t 
behind  the  limbus.  The  new  way  of  making  the  section  had  the  conjunctival  flap  and 
iridectomy  as  its  necessary  concomitants.  The  iridectomy  had  to  be  performed  as  a 
regular  thing,  since  otherwise  the  iris,  owing  to  the  peripheral  situation  of  the  wound, 
would  certainly  have  become  incarcerated  in  it.  (In  the  old  methods  of  extraction  iridec- 
tomy was  done  only  when  there  was  some  necessity  for  it.)  As  cataract  operatioos 
combined  with  iridectomy  were  called  "modified''  operations  (so  named  in  contradis- 
tinction to  those  that  are  "simple,"  i.  e.,  performed  without  iridectomy).  Von  Graefe 
called  his  new  method  "frnxii/ied  linear  extraction."  Later  on,  one  made  a  virtue  of 
necessity,  and  laid  special  stress  upon  the  advantages  of  the  iridectomy  that  was  com- 
bined with  the  extraction.  It  prevented,  they  said,  the  incarceration  of  the  iris,  made 
it  possible  to  open  the  capsule  more  thoroughly,  facilitated  the  removal  of  the  remati» 
of  the  cataract,  and  afforded  a  protection  from  subsequent  inflammation  of  the  iris. 
Hence,  people  soon  got  to  regard  the  excision  of  the  iris  as  one  of  the  additional 
advantages  of  the  new  method. 

The  results  of  Von  Graefe's  hnear  section  were,  in  fact,  much  better  than  those 
which  the  earher  methods  had  given.  Suppiu*ation  of  the  wound  in  particular,  had 
become  less  frequent.  But  yet  the  method  had  its  dark  side,  too.  Its  performance 
required  more  operative  skill,  and  the  delivery  of  the  lens  was  made  more  di£Bcult, 
owing  to  the  slight  tendency  to  gape  that  the  woimd  possessed.  Other  disadvantages 
arose  from  the  peripheral  situation  of  the  section,  which  broVight  the  latter,  especiaOy 
at  its  extremities,  close  to  the  zonula  and  the  cihary  body.  Prolapse  of  the  vitreous 
was  frequently  met  with,  and  also  inclusion  of  the  limbs  of  the  coloboma  in  the  wound. 
While  suppuration  of  the  wound  proved  to  be  less  frequent,  iritis  and  irido-cyclitis 
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became  proportbnately  more  comnwn,  &n<\  in  consequontH?  fajiiiimthetic  disease  of 
the  other  eye  was  lihservixl  nmte  frf»tjuently  than  bt^fom.  The80  faet«  induted  oper»- 
ti»re  1*1  depart  niiin?  and  mure  from  thi-s  sectioit,  whirh  wms  felt  to  !>e  Icki  peripheral 
in  its  situation,  and  in  partiinlar  led  th«n  to  plaw  llie  extmiiiilies  of  the  latiAT  nearer 
the  t^»niea.  If  \  on  (iraefe's  originai  seetion,  its  Vun  firaefe  himni^If  ^ure  it,  wa-n  itwlf 
not  a  pure  hnear  incision,  this  in  stiU  more  the  case  with  the  nrriion  as  it  was  Bul^se- 
t[uently  performecL  It  liad  l^eonie  a  eurvetl  seftion,  forming  an  arr  of  «n^all  aUitude. 
Under  this  scmiewhat  niodifitMi  form,  Krleral  extntrtiun  stMin  lH»raiPke  the  inetliml  tliat 
was  generally  employed. 

Hince  with  the  irrtrtxhiftion  of  the  antis^eptic  metho<i  the  danger  of  suppniation 
of  the  wounci  had  l)een  re«:!u<^lHi  to  a  miniinum,  operators  no  lon^r  hesitated  to  maJce 
the  seetion  in  the  limbus  or  in  the  transparent  cxjrnea  itself — as  for  example,  is  done 
in  the  fomeal  Hap  extractiofi  alwwe  lieseribed.  Other  improvement«  that  have  l>een 
made  have  ha<l  regard  to  the  r^ris-ian  «/  the  ?m.  Ujierators  had  already  leariied  by 
careful  reposition  of  the  iris  to  avoid  the  dan^»rs  arining  from  it«  incart^ration.  When 
this  is  done  thei*e  is  no  nee<l  of  making  a  large  cotol»orna  such  as  Von  Graefe  had  de- 
«oriixul — indeed,  it  is  muih  Ix'tter  to  make  the  excision  id  the  iris  as  slender  as  pos- 
sible (Fig,  414).  With  this  object  in  view,  we  draw  the  iris  from  the  wound  only  far 
enough  for  its  pupillarj^  margin  to  become  visible,  and  then,  holiling  the  seisstrrs  for- 
f^ieps  tjörpendicnlar  to  the  direction  of  the  wound,  snip  off  simply  the  af>ex  rif  the  t4ig 
of  iris.  A  small  coloboma  averts  prola^we  of  the  iris  as  eertAiidy  as  dm«  a  large  one 
(sipc  pages  884  and  907),  and  caufies  less  confusion  from  dazzling,     . 

When  at  length  surgeons  again  adopt etl  the  corneal  section,  they  took  the  last  st^p 
and  operated  entirely  without  iridectomtf,  as  Daviel  and  Beer  had  done  in  former  time«. 

The  ofKuing  of  thr  capaulv  wa.^  mmle  by  \'on  Grac^fe  with  a  cyst i tome — i.  e.,  with 
a  triangular  cutting  lanect  (Fig.  112,  5  and  c),  and  by  others  was  made  with  the  dis- 
cission netHlle  or  with  a  sharp  book  (Fig,  412,  d).  An  iauportant  improvement  has  been 
the  introiluction  of  the  caiisule  forceps  (Fig.  412,  e)  for  opening  the  capsule.  With  this 
the  anterior  capsule  is  not  only  split»  but  also  has  a  pieee  taken  out  of  it.  Thus,  the 
capsular  wound  is  prevented  from  closing  quickly  again,  and  in  this  way  from  inter- 
fering with  the  rcsoiption  of  the  fragments  of  the  lens  that  remain.  Since  the  em* 
ploynient  of  the  capsule  foreeps,  secondary  cataract  lias  become  much  less  frequent, 
although  at  pn^sent  unripe  cataract^s  are  operated  upon  much  morn  often  than  formerly. 
If  the  capsule  is  thickened  it  is  often  impossible  L.>  t**arout  a  piece  of  it  with  the  capsule 
forceps,  but  the  lens  follows  the  pidl  of  the  forceps  eti  masse,  the  zonula  being  ruptured. 
We  may  thiw  extract  the  lens  in  its  closed  capsule  from  the  eye  and  obtain  a  |)crfeetly 
clear  pupiL  [For  cataracts  mih  thickened  ca|)sule  Pagenateclier  in  fact  proposed  just 
such  an  extraction  of  the  limJi  in  its  unopenrd  cttpsulc.  With  this  object  in  view  the  opera- 
tor, after  completing  the  section  and  excising  the  iris,  pa.saea  a  specially  de\nsed  scoop 
behi^id  the  lens,  and,  pri^sing  at  the*  same  time  ujkjii  the  cornea,  lifts  the  lens  out  of  the 
eye.  Extraction  in  the  capsule  hiLs  been  atlvocated  for  cataracts  of  all  kinds,  especially 
by  Major  Smith  In  India,  In  the  operation  practised  by  him,  as  described  by  Vail, 
t  he  eye  ia  first  thoroughly  douchctl  with  1 ;  2000  bichloride  solution.  Puncture  and  coun- 
ter-puncture are  made  in  the  lirobu»  and  about  in  the  horizontal  meridian  of  the  cornea, 
thi'  blade  of  the  knife  being  turnetl  forward  so  aa  to  cut  the  cornea  more  at  a  right  angle 
and  make  a  perfectly  smooth  incision  which  lic^  wholly  in  the  cornea,  but  Btill  is  large» 
Iridectomy  is  then  done,  si>ccial  care  being  taken  not  to  injiirti  the  lens  capsule.  In  tlie 
expression  the  assistant  holds  the  lids  far  from  the  eye  with  fingers  and  with  a  ««tuint 
hrKik,  the  patient  looks  up,  and  the  opentt^ir  with  another  squint  hook  presses  on  the 
eorn*'a  and  engages  the  lens  as  it  comes  out.  A  syxion  is  placetl  beliind  the  lens  only  if 
vitreous  presents^  and  then  not  to  lift  the  lens  out  but  to  keep  the  vitrwjus  back. 
Many  doubt  whether  the  final  n^ult«  of  the  üf>eraiion  are  as  good  as  those  of  cxtniction 
with  capsulotomy.-^D.] 

When  owing  to  severe  irido-cyclitia  there  is  an  adhesion  between  the  surface  of 
the  irifl  and  the  lens,  excision  of  the  iris  in  the  regular  way  ia  impoaaible.  We  then  cut 
through  the  iris  and  o|)en  the  capsule  at  the  time  of  making  the  section  in  the  cornea, 
by  carrying  the  knife  not  only  through  the  cornea,  but  also  through  the  iris  and  lena 
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capsule,  which  can  easily  be  done  since  the  anterior  chamber  in  such  cases  is  generaDy 
shallow  (Wenzel). 

Many  operators  follow  the  extraction  with  irrigaiian  of  the  anterior  chamber  with 
weak  antiseptic  solutions,  partly  in  order  to  wash  out  the  fragments  of  lens  which  r^ 
main  behind,  and  partly  to  disinfect  the  interior  of  the  eye.  I  have  employed  irriga- 
tion pretty  often,  but  have  sometimes  seen  permanent  opacity  of  the  oomea  or  iritis 
result  from  it,  so  that  I  have  given  it  up  again.  [Irrigation  has  still  many  advocates.  If 
made  with  normal  salt  solution  or  boric  acid  it  has  little  tendency  to  produce  opacity 
of  the  cornea  or  iritis.  Special  instruments  have  been  devised  for  it  (syringe  of  Mae- 
Keown,  Lippincott's  irrigator),  but  a  simple  rubber  bulb  with  slender,  flattened  glass  tip 
answers  all  requirements. — D.] 

We  give  the  name  of  preparatory  iridectomy  to  one  that  is  made  several  weeks 
before  a  cataract  operation.  Many  operators  perform  such  an  iridectomy  even  in 
uncomplicated  cataracts  because  they  believe  that  thus  they  make  the  cataract  opera- 
tion itself  less  severe  and  hence  less  dangerous.  But  preparatory  iridectomy  is  done 
particularly  in  unripe  cataracts  in  order  to  ripen  them  (maturation) .  This  operatioB 
which  was  devised  by  Förster  consists  in  rubbing  the  cornea  in  a  circular  directioo 
with  a  blunt  instrument  (Daviel's  spoon  or  a  squint  hook)  after  the  excision  of  the  iris. 
Since  the  cornea  is  so  thin  that  it  is  dimpled  by  the  rubbing,  the  latter  in  the  pupillary 
area  acts  also  upon  the  lens  whose  capsular  epithelium  in  this  area  is  in  part  lacerated 
and  detached.  Hence  the  capsule  is  made  permeable  for  the  aqueous,  by  means  of  which 
the  lens  fibres  are  opacified.  The  massage  of  the  lens  results  in  the  latter 's  becoming 
completely  opaque  within  a  few  weeks  or  even  a  few  days.  The  extraction  of  the  lent 
should  follow  this  preparatory  iridectomy  not  .sooner  than  four  weeks. 

Like  many  others  I  have  pretty  much  given  up  preparatory  iridectomy  as  super- 
fluous, except  in  those  cases  in  which  there  are  complicated  cataracts.  In  such  cases 
a  preliminary  iridectomy  must  above  all  be  made  when  the  cataract  is  associated  with 
increase  of  tension  because  otherwise  we  should  run  the  risk  of  having  a  destructive 
intra-ocular  hemorrhage  (see  page  474). 

Maturation  by  Forster's  method  I  also  consider  as  an  operation  that  we  can  dis- 
pense with.  We  can  without  waiting  extract  even  unripe  cataracts  with  success  if  we 
open  the  capsule  quite  extensively  with  the  capsule  forceps. 

For  erythropsiay  see  page  23. 


CHAPTER  IIL 
'OPERATIONS  UPON  THE  ADNEXA  BULBI. 


I.  Squint  Operations, 

(a)  Seiimg  Baek  of  an  Ocular  Muscle  (Tenoiomy). 

164.  Tenotomy  h  performed  upi>n  the  inteniul  or  external  rectus; 
very  rarely^  indeed,  upon  the  other  ucukr  muades. 

Tenotomy  of  the  internal  rectus  by  Arlt's  method  is  performed 
as  follows:  The  conjunctivti  on  the  nasa!  mde  of  the  cornea  iü  lifted 
up  with  a  fixation  foreci»^  so  as  to  form  a  horizontal  fold  in  which  a 
vertical  cut,  situated  about  4  nmi.  from  the  margin  of  the  cornea, 
is  made  with  a  single  snip  of  the  scissors.  The  incision  is  then  enlarged 
upward  and  downward,  and  the  conjunctiva  to  the  nasal  side  of  it  is 
imderinined.  Starting  from  the  wound,  the  fixation  forceps  is  passed 
inward  till  it  reaches  the  tendon,  %vhich  is  grasped,  drawn  somewhat 
away  from  the  eyeball,  and  divided  dose  to  its  insertion  in  the  sclera. 
For  this  purpose  a  small  pair  of  curved  scissors  is  used,  the  blades  of 
w  hicli  should  have  blunt  points»  so  as  not  to  stick  into  the  sclera.  After 
dividing  the  tendon  the  next  thing  to  do  is  to  see  whether  there  are  not 
s*jme  strands  of  tendon  still  remaining  at  its  upper  or  lower  border.. 
A  squint  hook  (Fig.  419,  a,  b,  c)  is  accordingly  passed  in  beneath  the 
tendon  and  is  carried  upward  and  dowTiward  so  as  to  explore  all  parts, 
the  intention  being  to  catch  up  upon  the  hook  any  fibers  that  may  chance 
to  be  intact  and  then  to  divide  them. 

After  the  thvision  of  the  tendon  has  been  completed,  a  test  must  be 
made  of  effect  of  the  operation,  which  should  be  neither  excessive  nor 
insufficient.  We  first  (I)  make  the  eye  that  has  been  o|>erated  uj>on 
turn  toward  the  side  of  the  divided  muscle*  If  the  tendon  has  been 
cut  through  completely,  there  must  be  a  considerable  diminution  of  the 
motility  inw'ard.  If  the  eye  can  l:>e  turned  inward  as  well  as  it  could 
before  the  operation,  this  proves  that  some  strands  of  the  tendon  have 
remained  undivided.  As  in  this  case  the  result  of  the  operation  would 
l>e  nil.  these  fillers  must  be  sought  out  with  the  huok  and  divided.  On 
the  other  hand,  the  diminution  in  motility  njay  be  too  great,  in  ease  we 
ha%T  not  only  divided  the  tendon,  but  have  also  loosened  up  too  much 
its  connections  with  Tenon's  capsule.  In  this  event  the  effect  of  the 
operation  must  be  decreased,  the  tendon  which  has  slipped  hack  too  far 
being  reattachetl  further  forward  with  stitchers.  i2)  We  make  the 
patient  fix  his  gaze  upon  the  finger  held  in  front  of  hinu  and  then  keep 
bringing  the  latter  nearer  and  nearer  to  his  eyes.  After  a  properly  per- 
formed   tenotomy  of  the   internus,  a   convergence  to  at   most  12  cm. 
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should  be  still  possible.  If  the  eye  that  has  been  operated  upon 
halts  in  its  movement  of  convergence  before  it  reaches  this  point,  this 
argues  an  excessive  effect  of  the  operation.  The  working  capacity  of 
the  internus  is  then  so  greatly  weakened  that  we  should  have  to  fear  the 
subsequent  development  of  a  divergent  strabismus.  In  this  case  ako 
the  effect  of  the  operation  has  to  be  reduced  again.  [3.  A  more  accurate 
way — and  for  heterophorias  and  operations  on  the  vertical  muscles  the 
only  satisfactory  way — of  testing  the  effect  of  an  operation  consists  in 
prismatic  measurements  of  the  deviation  for  distance  and  near  by  the 
screen,  parallax,  and,  if  binocular  vision  is  present,  by  the  Maddox  rod 
(see  pages  744-747).  The  deviation  is  determined  by  these  means  before 
the  operation  and  repeatedly  during  the  operation,  which  is  carried  on 
until  a  satisfactory  result  is  seciu-ed.  By  these  tests  we  can  measure  to 
within  1 A  or  less  of  the  actual  deviation. — D.] 

The  extent  to  which  the  strabismic  deflection  is  corrected  by  the 
operation  is  a  matter  of  but  secondary  importance.  In  fact,  when  the 
deflection  is  great,  the  correction  can  not  possibly  be  secured  by  a  single 
tenotomy. 

When,  by  testing  in  the  manner  given,  the  effect  of  the  operation  ü< 
discovered  to  be  satisfactory,  the  operation  is  finished  by  uniting  the 
conjunctival  wound  with  a  suture. 

The  operation  can  be  rendered  nearly  painless  if,  besides  instilling 
cocaine  before  the  operation,  some  cocaine  solution  is  injected  beneath 
the  conjunctiva  at  the  spot  where  the  tendon  is  divided. 

Tenotomy  of  the  external  rectus  fand  also  of  the  sui>erior  and  in- 
ferior recti]  is  performed  in  an  analogous  fashion.  We  must  simply 
bear  in  mind  that  the  insertion  of  the  external  rectus  lies  farther  from 
the  cornea  than  does  that  of  the  internus.* 

Tenotomy  acts  by  displacing  the  insertion  of  the  divided  muscle  to 
a  spot  situated  farther  back.  The  divided  tendon  glides  back  uf>on  the 
sclera  and  forms  ä  new  attachment  to  the  latter.  Owing  to  the  fact 
that  the  insertion  of  the  muscle  now  lies  farther  back,  the  effect  of  the 
latter  upon  the  eyeball  is  permanently  impaired. 

The  immediate  result  of  the  operation  is  greater  than  it  is  found 
to  be  afterward.  /  The  more  solid  the  union  which  the  divided  tendon 
forms  again  with  the  sclera,  the  stronger  is  the  action  which  it  can  exert, 
and  thus  the  effect  of  the  operation  diminishes  in  the^succeeding  four 
or  six  weeks. 

(b)  Advancement  of  an  Ocular  Muscle. 

Advancement  consists  in  a  displacement  of  the  insertion  forward. 
and  consequently  is  an  operation  that  is  the  opposite  of  tenotomy.  It 
is  performed  upon  the  antagonist  of  the  shortened  muscle.     Suppose. 

*  [Tenotomy  of  the  superior  oblique  may  be  done  by  dividins  the  reflected  tendon  at  the  trochlea, 
through  a  cutaneous  incision  in  the  brow.  Tenotomy  of  the  in^rior  oblique  is  done  by  dividing  the 
tendon  of  origin  of  the  muscle  through  a  small  cutaneous  incision  made  at  the  lower  inner  ancle  m  the 
orbit  just  below  the  lachrymal  sac.  The  effect  is  to  produce  a  complete  paralsrsis  of  the  muede. — Dj 
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(Fig.  41Ö.— lyMTnuncio«  fou  TtNoroMT,  Apvanceicent,  and  Enucleation. 
a,  b,  c,  M]uint  hcxtks  fur  piriirift  up  th«  tendon  and  putting  H  upon  the  8tr>'(>  >•  f-  '"■  Strvenü'f 
slender  tenotomy  hotik^  y»eil  efrfiec)»Uly  its  pcrforniinn  partial  teiiatomiru,  t/,  -»tr  roop«  for 
ttJiinji  up  conjunctiva  and  t«imloti  in  iW  button-hole  ofjeratkiti.  *■,  8t*vcüÄ'a  t«"r  -itm,  with 
cuttinif  tdgee  near  the  end.  /.  '^traiglit  probe-pointotl  «ciasor».  g.  heftvy  »cJA«*irc  ;  theopric 
nerve  lo  enuoleatiun.  h,  tVincc.«  forceps  for  hoIdlEiK  the  tendon  »ecurrty  in  ti'\  ÜIhfT 
inJitmnienLa  tined  are  a  «priog  (tperulutn  or  t)9iaamFT9*»  retractor,  for  hold  inn  the  !  pI;  a  fixa- 
tion forceps  (Fi«.  397).  A  delicato-newlle  holder  ami  eunr«xi  tie«dl4Mi  are  aim  feQuii,  ,  ,  .14  hing  th« 
«sonjunctiva,  and,  in  the  omm  of  adv&nccment,  for  »uturinv  the  tandoo— D.]. 
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for  example,  that  the  case  is  one  of  strabismus  convergens.     In  this  case 
the  external  rectus  would  be  advanced  in  the  following  way:     The  cmd- 
junctiva  over  the  tendon  of  the  external  rectus  is  divided  horizontally, 
and  is  detached  both  over  the  tendon  and  also  as  far  forward  as  the 
margin  of  the  cornea.    The  tendon,  being  thus  exposed,  is  picked  up  on 
a  squint  hook  which  is  passed  beneath  it,^  and  two  double-armed  threads 
are  passed  through  the  muscle  as  far  as  possible  behind  its  insertion. 
One  of  the  threads  is  passed  back  of  the  upper,  the  other  back  of  the  lower 
border  of  the  tendon,  and  the  latter  is  transfixed  from  behind  forwards 
at  about  the  middle  of  its  breadth.    The  muscle  is  now  divided  right 
in  front  of  the  sutures,  and  the  most  anterior  portion  of  the  muscle, 
which  still  adheres  at  the  muscular  insertion,  is  cut  off.    The  other  ends 
of  the  threads  are  now  attached  to  the  temporal  margin  of  the  cornea, 
the  needles  being  carried  vertically,  i.e.,  in  a  direction  tangent  to  the 
corneal  margin  and  close  to  the  latter,  through  the  8up)erficial  layers 
of  the  sclera.    Then  the  upper  and  lower  threads  are  tied  separately.    The 
tighter  the  threads  are  drawn,  the  farther  is  the  muscle  carried  forward- 
even,  in  fact,  up  to  the  corneal  margin.     In  this  way  the   effect  of  the 
operation  can  be  regulated. 

By  advancement  the  insertion  of  the  muscle  is  brought  nearer  the 
cornea,  and  thus  there  is  given  to  it  more  power  over  the  eye.  The  farther 
back  the  threads  are  passed  through  the  muscle,  and  the  farther  forward 
the  anterior  end  of  the  latter  is  attached,  the  greater  is  the  effect  of  the 
operation.  Later  on,  however,  the  effect  diminishes,  for  which  reason 
we  gauge  the  operation  so  as  to  get  a  primary  over-correction. 

165.  Indications  lor  Squint  Operations. — The  correction  of  a 
faulty  position  due  to  squint  and  the  displacement  of  the  range  of  lateral 
movement  of  the  eye  in  favor  of  abduction  or  adduction  may  be  obtained 
either  by  tenotomy  pf  the  shortened,  or  by  advancement  of  the  elongated 
muscle.  In  tenotomy  we  weaken  the  muscle  operated  on,  and  the  eflfect 
is  like  that  of  a  paresis  of  the  muscle;  the  range  of  lateral  movement  as 
a  whole  is  diminished.  By  advancement  we  heighten  the  functional 
capacity  of  the  muscle  concerned  and  enlarge  the  total  range  of  move- 
ment. Tenotomy  involves  the  danger  that,  in  consequence  of  the  weak- 
ening of  the  muscle,  the  eye  may  gradually  go  too  far  toward  the  opposite 
side,  that  a  strabismus  convergens  may  be  transformed  into  a  strabismus 
divergens — a  thing  which  may  occur  years  after  the  operation.  In  ad- 
vancement this  danger  does  not  exist.  Advancement,  therefore,  is  pre- 
ferred to  tenotomy.     That   nevertheless  tenotomy  is  more  often  done 

>  [A  good  way  of  proceeding  is  as  follows:  After  exposing  the  tendon,  a  buttan4K>le  is  made  b 
Tenon  s  capsule  just  aSove  the  tendon.  A  squint  hook  is  passed  through  the  hole  and  under  the  ten- 
don, hugging  the  insertion.  As  the  point  of  the  hook  emerges  from  beneath  the  lower  aide  of  the  tes- 
don  a  button-hole  is  cut  over  it  in  the  capsule,  so  that  the  point  comes  through.  A  Prince's  forceps 
(Fis  419  Ä)  is  then  substituted  for  the  hook  and  is  locked.  The  tendon  is  now  divided  right  in  front  of 
the  forceps,  i.  e.,  at  the  very  insertion.  Then  the  tendon  is  Ufted  away  from  the  sclera  and  its  lateral 
aad  inferior  attachments  are  thoroughly  divided,  so  that  it  can  ply  freely  backward  and  forward. 
The  stitches  are  then  applied.  The  translator  prefers  the  loop  method,  also  employed  bv  Oliver, 
bi  this  both  needles  of  a  double-armed  thread  are  passed  through  the  tendon  so  as  to  inclode  a  good 
fi^  of  its  breadth  in  a  loop,  then  are  carried  under  the  conjunctiva  and  through  the  episdera«  emernng 
St—  to  the  cornea  some  millimetres  apart.  Then  the  small  portion  of  tendon  in  the  graro  of  the Ibr- 
Zm  la  «seised,  and  the  two  ends  of  the  looped  thread  are  drawn  sufficiently  tight  and  are  tied  together. 
Tff otWmetliods. see  Fig.  420.-D.) 


thread,  de-ii^e*l  to  act  as  a  pulky,  ii«  paKwd  tliruUKh  the  coniunctiva  ami  ppi^clcrtt  at  the  r>uri)eäl 
marclni  End  in  a  dircrtion  tanK<?nt  to  tin«  lattpr,  Thp  tendon  is  then  graspfnl  anu  ^^paratixl  in  rhe  noun- 
ner  oeecribod  on  (j^aice  &1S  l notch  and  the  two  iiecHiW?i  of  a  doiiblt-artne<i  IhrejuJ  are  paased  frotn  within 
mitwmrd  throuf^h  tendi^n,  rap^uli*,  and  eiinjunrtiva,  thuj*  forminj;  a  loop  on  the  under  »ide  of  ihj^  \i*n^ 
doo.  One  of  thr  frcM?  einln  i»  laid  acm»?»  the  pulky  «itjiteh,  which.  a*i  shown  in  tlie  Hgure,  m  then  tied 
over  it.  Trartion  i?«  mndi»  until  the  tfotloo  jp  in  tni*  proper  p(5«itinn,  and  the  free  end»  arc  then  tied, 
one  beinÄ  undt-r,  thf  other  ijver  the  pvilley  »litch.  D,  E.  l>r/rc>rjry>  ujtrrttUmi.  Tht*  tendon  ts  frrai>ped 
with  a  Prince's  forceps  and  detached  from  its  eontiectionjE^  a>  defcril>ed  in  the  note  to  pa#fe  Ö1S.  A 
doxible-armed  f<titch  ifl  introduced  into  the  «clera  (previou'.ly  eAponHKlJ  at  a  distance  of^  I  mm.  from 
the  cornea  and  i-»  paaüed  for  some  tl  or  8  mm.  thfouRh  the  »uperfiei&l  tayera  of  the  sclera  in  a  direction 
at  right  an^le^  to  the  axis  of  the  tenrion  «vertical  dottenJ  line  in  Fi«.  I>).  The  ne«dl1e  i»  reiiitrcKluced 
at  the  point  of  exit  anfl  carne<J  a  short  di««t.anc^  in  th*»  i»clera  hortseontally  outward  toward  th<?  tendon. 
The  aame  la  done  with  the  other  neeflle.  Both  newil«?  are  then  pft.s!ie*r  thrcuUKh  tlie  tcndon  (Fi«,  O), 
the  tendon  \n  brnuicht  forward  with  the  forceps  (Fig,  E )  U*  the  proper  pi>int,  and  the  stitcher  an«  lied, 
F.  Wmih'»  Operation .  The  PrinceV  forceps  j|^a»pa  the  cut  efl^re  '»i  the  lenilot»^  eap^nile.  and  conjunctiva. 
A  »inele-armerl  ^nture  \^  pa^tned  in  through  CNonjuDCtiva,  rap.«iule,  an<l  tendon,  at  n  and  out  throtigh 
capsTiTc  and  conjunctiva  at  h.  .V  similar  «iilure  ia  p««sed  in  at  r  and  broncht  out  at  d.  c  and  d  are 
knottef]  *o  a."  to  leave  both  endn  Iorr.  The  end  with  the  needle  i*  entere^l  again  at  e,  carried  under 
thf»  tentlon  to  the  come«,  and  brought  out  at  $;.  The  name  i«i  done  with  the  upper  stitch  which  i» 
brf>uKht  out  at  h.  Thn  etitl  at  g  ia  tied  tu  the  lonj;  knotted  en<l  left  at  d  and  the  «tid  at  h  to  the  end 
at  b.—lh] 
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in  practice  is  due  to  the  fact  that  advancement  is  a  more  complicated 
operation  requiring  experience  and  good  assistance  as  well  as  a  rigorous 
after-treatment.  Yet,  thanks  particularly  to  the  efforts  of  Landoh»  ad- 
vancement is  gaining  more  and  more  adherents  all  the  time.  [Advancement, 
however,  has  also  its  dark  side.  The  results  are  more  difficult  to  estimate 
than  those  of  a  tenotomy  and  the  final  result  often  differs  materially  and 
by  an  uncertain  amount  from  that  inunediately  obtained.  In  particular, 
an  effect  which  is  good  at  first  and  which  remains  so  for  some  time  may 
months  afterward  diminish  so  that  the  operation  proves  insufficient 
Again,  if  the  stitches  tear  out  or  the  adhesions  give  way,  the  tendon  may 
slip  far  back,  so  that  the  original  deviation  is  made  worse  than  ever. — D.J 

Of  the  several  varieties  of  imbalance — 

1.  Comitant  strabismus  affords  the  most  important  and  frequent  indi- 
cation for  the  squint  operation.  In  strabismus  canvergens  the  operation 
is  indicated  in  all  those  cases  which  can  not  be  cured  in  a  non-operative 
way  but  should  not  be  undertaken  before  the  age  of  10  (see  page  736). 
With  regard  to  the  operation  we  must  bear  in  mind  that  the  squint  really 
affects  both  eyes,  since  the  internal  rectus  is  contractured  in  both  (»e 
pages  741  and  757).  Hence  it  is  only  in  the  less-marked  cases  (bdow 
25^  =  5  mm.  of  strabismic  deviation)  that  it  suffices  to  operate  on  the 
squinting  eye  alone.  When  the  deviation  is  greater,  the  other  eye  also 
must  be  operated  on.  Accordingly,  we  must  estimate  the  amount  of 
strabismic  deviation  accurately  before  the  operation.  Furthermore  we 
ought  to  measure  the  lateral  excursion  of  the  eye,  i.  e.,  the  adduction  and 
the  abduction,  since  upon  this  the  selection  of  our  method  will  depend 
Simple  tenotomy  of  the  internal  rectus  is  allowable  only  when  a  marked 
increase  in  the  adduction  coexists  with  nearly  normal  abduction.  Other- 
wise advancement  of  the  external  rectus  in  one  or  both  eyes  is  indicated. 
When  the  deviation  and  with  it  the  increase  in  the  adduction  are  particu- 
larly marked,  the  advancement  of  the  external  rectus  may  be  combined 
with  tenotomy  of  the  internal  rectus. 

There  is  no  harm  done,  if,  in  order  to  prevent  a  divergence  of  the 
eyes'  developing  some  considerable  time  after  a  successful  operation. 
4here  is  left  a  slight  amount  of  inward  squint  imperceptible  to  the  laity. 
This  disappears  under  the  use  of  the  proper  convex  glasses  which  are 
required  by  the  hypermetropia,  which  is  usually  present.  [If  there  is  any 
tendency  to  divergence  we  may  have  to  under-correct  the  h>permetropia. 
By  so  doing  we  call  upon  the  patient  to  use  some  extra  accommodation 
and  with  it  an  extra  converging  effort  which  will  oppose  the  tendency  of 
the  eyes  to  diverge.  See  remarks  on  page  861 — D.]  If  the  eye  which 
formerly  squinted  is  not  too  amblyopic,  we  also  institute  exercises  in 
binocular  vision  by  means  of  the  stereoscope  [converging  and  diverging 
prisms,  and  the  amblyoscope],  partly  in  order  to  prevent  a  return  of  the 
squint,  partly  to  abolish  the  slight  residual  convergence. 

In  strabismus  divergens  we  have  to  deal  not  with  a  contracture  of 
the  external  rectus  but  with  a  weakening  of  the  internal  rectus.     The 
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latter  must  be  strengthenedj  and  hence  an  advancement  of  the  intemal 
rectus  is  always  indicate  J.  As  a  rule,  this  must  be  combined  with  a 
tenotomy  of  the  external  rectus,  if  the  effect  is  to  be  sufficient.  More- 
over, the  indication  in  this  operation — in  contradistinction  to  that  for 
strabismus  convergens — is  to  secure  with  it  a  decided  over-correct  ion  ^ 
since  the  effect  of  the  operation  often  diminishes  pretty  markedly  in 
the  course  of  time. 

That  form  of  strabismus  divergens  which  has  deveh>pecl  out  of  a 
strabismus  convergens  after  too  free  a  tenotomy  is  associated  with  con- 
siderable  weakness  of  the  severed  internal  rectus  and  hence  always 
requires  a  thorough-going  advancement  of  the  latter  with  simultaneous 
tenotomy  of  the  external  rectos.  [Divergent  squint  is  not  always  by 
any  means  due  primarily  to  weakening  of  the  internal  rectus.  It  often 
starts  as  a  divergence-excess  (see  page  755)  and  then,  the  scjuint  may  often 
be  best  relieved  by  a  simple  tenotomy  of  one  or  preferably  bf>th  external 
recti.  The  cases  suitable  for  this  operation  are  those  in  which  the  power 
of  inward  rotation  of  the  squinting  eye  is  still  good,  the  convergence 
near-point  approximately  normal^  the  deviation  decidedly  more  marked 
for  distance  than  for  near,  and  the  diverging  powder,  measured  by  prisms, 
very  large*  This  seems  to  l>e  true  even  of  some  cases  of  di%'ergenee  after 
tenotomy — D,] 

2*  Latefit  divergence  [exophona].  In  this  an  operation  is  done: 
(a)  When  it  causes  the  symptoms  of  a  muscular  asthenopia:  (h)  when  it 
threatens  to  pass  into  strabismus.  Operation,  how^ever,  should  not  be 
determined  on  until  all  non-operative  measures  opposing  the  latent 
divergence  have  provcHJ  fruitless.  Furtliermore  the  latent  divergence 
must  l>e  so  considerable  that  it  will  not  by  an}'  chance  be  trans- 
formed into  its  opposite  by  the  operation:  for  we  should  then  have 
to  deplore  the  development  of  a  strabismus  convergens  witVi  distressing 
diplopia  as  the  result  of  the  operation.  Formerly*  in  cases  of  latent  diver- 
gence, tenotomy  of  the  external  rectus  was  very  often  tlone  with  the  iiope 
of  thus  checking  the  progress  of  the  myoi»ia  which  generally  forms  the 
basis  of  the  latent  ilivergence*  To-day  it  is  rare  to  operate  for  latent 
divergence,  and,  since  what  is  to  be  effected  is  a  strengthening  of  the 
con%'ergence,  advancement  of  one  or  lioth  internal  recti  is  preferred  to 
tenotomy  of  the  external  recti*  [Tenotomy  would  be  indicated  if  the 
exophoria  is  due  mainly  to  divergence-excess.  Moreover*  an  operation 
may  be  indicated  not  on!y  in  exophoria  but  also  in  esophoria  and  hyper- 
phoria.   See  page  76!,— D.] 

3,  Paralytic  sirahismus.  In  this  the  squint  openition  is  indicated 
only  when  we  are  dealing  with  an  old  paralysis,  the  spontaneous  cure 
of  which  is  no  longer  to  be  counted  upon.  The  operation  is  most  success- 
ful when  the  muscle,  although  enfeebled,  is  still  capable  of  performing 
its  functions,  and  the  strabismic  deflection  is  caused  mainly  by  the 
contracture  of  the  antagonist.  It  is  only  in  the  slightest  cases  that  we 
can  attain  our  object  by  making  a  tenotomy  of  the  contracted  muscle; 
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as  a  rule,  we  must  combine  this  with  advancement  of  the  paraiyzeii 
muscle.  If  the  paralysis  is  complete,  so  that  the  paralyzed  muscle 
is  no  longer  able  to  exert  any  action  whatever  upon  the  eyeball,  it  is 
only  from  a  very  extensive  advancement  that  we  can  expect  to  get  anj 
effect,  and  even  then  the  only  effect  we  can  gain  is  that  the  greatly 
deviated  eye  is  brought  back  approximately  to  the  primary  position, 
r^  while  the  free  motility  of  the  eye  can  in  no  way  be  restored.  [This  do« 
not  necessarily  hold  for  traumatic  paralysis. — D.] 

In  paralysis  of  the  superior  oblique  advancement  of  the  tendon  of  this  muscle  is 

for  technical  reasons  scarcely  practicable.     Hence,  following  Mauthner's  propool, 

;    we  tenotomize  the  inferior  rectus  of  the  opposit«  side,  because  section  of  this  musefe 

/    causes  the  same  defect  of  motility  in  the  other  eye,  that  is  present  in  the  affected  eyt 

I    as  a  result  of  the  paralysis,  and  consequently  the  troublesome  diplopia  is  abc4ishel 

^  [Suppose,  for  example,  that  the  right  superior  oblique  is  paralyzed.     This  mvtstk 

normally  moves  the  right  eye  down,  abducts  it  (carries  it  to  the  right),  and  rotate» 

its  vertical  meridian  inward  (to  the  left);    and  if  it  is  paralyzed,  the  movements  of 

the  right  eye  are  restricted  in  all  these  senses.    Diplopia  therefore  resultfi,  which  we  cm 

prevent  if  we  can  restrict  the  movement  of  the  left  eye  in  the  same  sense  and  to  the 

same  extent.    Thjs^j^ye  can  do  by  tenotomy  of  the  left  inferior  rectus,  which  moves 

the  left  eye  down,*ad3ucls  it  (niuves  it  10  lliu  Plghf)','  anf^fotatesile  vertical  meridiaD 

outward  (to  the  left).    Moreover,  as  this  parallelism  of  action  of  the  superior  oblique 

of  one  eye  and  the  inferior  rectus  of  the  other  holds  good  for  all  directions  of  the  ga«, 

the  operation  affords  complete  compensation  for  the  paral3r8is. 

A  paralysis  of  the  right  inferior  oblique  would  similarly  be  compensated  for  bj 
a  tenotomy  of  the  left  superior  rectus.  In  paresis  of  the  right  supierior  rectus,  if  sli^t. 
we  may  advance  the  paretic  muscle;  if  great,  we  may  do  a  tenotomy  of  the  left  inferior 
oblique  (page  916,  note).  In  paralysis  of  the  right  inferior  rectus,  advancement  of  the 
paretic  muscle  in  general  is  indicated.  In  paresis  of  the  right  extemus,  advancemeiit 
of  this  muscle,  combined  with  tenotomy  of  the  left  internus,  is  indicated,  and  wiD 
usually  liave  to  be  supplemented  by  tenotomy  of  the  right  internus  also.  So  in  pare» 
of  an  internus,  its  advancement  combined  with  tenotomy  of  one  or  both  extemi  is 
usually  required. — D.] 

I<andolt  even  for  paralysis  of  the  superior  oblique  prefers  advancement,  this  beinf 
done  on  the  inferior  rectus  of  the  paralyzed  eye.  [Mauthner's  procedure  is  much  the 
better.— D.] 

Tenotomy  of  an  ocular  muscle  was  first  tried  by  Strohmeyer  upon  the  cadaver 
and  some  years  later  (1839)  was  performed  by  DiefTenbach  upon  the  hving  subject. 
Dieffenbach  did  not  divide  the  tendon,  but  the  belly  of  the  muscle.  Hence,  it  not 
infrequently  happened  that  the  posterior  half  of  the  muscle  retracted  so  far  that  it 
could  never  again  become  attached  to  the  eyeball.  The  divided  muscle  was  then  com- 
pletely paralyzed,  and  when  the  operation  had  been  performed  upon  a  convergent 
strabismus,  the  latter  was  transformed  into  a  marked  divergent  squint.  Owing  to 
such  bad  results^  the  operation  gradually  fell  into  such  disrepute  that  surgeons  were 
on  the  point  of  giving  it  up  again.  Then  Böhm  proposed  a  new  and  improved  method, 
namely  the  division  of  the  tendon  as  we  practice  it  now.  Von  Graefe  added  to  thia 
the  method  of  regulating  the  operation  with  precision,  showing  how  it«  result  could 
be  increased  or  diminished.  Von  Graefe  performed  the  operation,  and  most  other 
operators  still  perform  it,  somewhat  differently  from  the  way  described  above.  He  did 
not  grasp  the  tendon  with  the  forceps,  but  with  a  hook,  upon  which  he  made  his  cut 
dividing  the  tendon,  and  then  used  a  second  smaller  hook  for  the  purpose  of  exploring 
after  undivided  strands  of  tendon. 

Advancement  was  first  performed  by  Gu^rin  and  soon  after  by  Von  Graefe.  The 
latter  proposed  the  procedure  known  as  the  thread  operation.  This  is  disting:ui8hed 
from  the  method  above  described  only  in  the  following  particular:    The  contracted 
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muscle  is  not  divided  Uireclly  at  its  insertion,  byt  somewhat  behind  it,  so  that  a  short 
portion  of  tlie  tendon  reniaina  upon  the  eelera.  Through  this  portion  a  thread  la  püKHed 
by  means  of  winch  the  eyeball  can  be  (Irawn  as  far  as  denired  toward  the  opposite  side. 
After  the  operation  has  been  finish eil,  the  ends  of  the  threa*!  arc  fa&tenetl  in  the  vicin- 
ity of  the  eye  by  means  of  adhesive  plaster,  so  as  to  keep  the  eyeball  in  the  jmsition 
desired.  In  this  way  both  the  effect  of  the  operation  is  increased  and  the  tension  upon 
the  muscle  that  has  been  advance«!  is  lessened ►  [A  similar  operation  is  advocated  by 
Gruening  for  reinforcing  the  effect  of  tenotomy  of  the  external  recti  in  divergent  squint. 
A  stitch  passed  through  each  tendon  stump  is  tied  over  the  nose  and  drawn  tight  so 
as  to  place  both  eyes  for  tw^enty-four  hours  in  a  position  of  extreme  convergence. 

Advancement  not  only  reinforces  the  action  of  the  muscle  operated  on,  but,  if  ex- 
tensive, also  hanit>ers  the  action  of  the  opponent — ^sfimetimes  to  a  marked  degree.  This 
is  of  particular  iinportanre  in  aflvancement  of  the  superior  rectus,  which  may  so  n^trict 
the  action  of  the  inferior  rectus  as  to  produce  considerable  and  annoying  diplopia  in 
the  lower  part  of  the  field  of  fixation. 

There  an^  many  methods  of  advancement,  some  of  which  are  shown  in  Fig.  420|. 

Instead  of  advancement,  shortening  of  a  muscle  is  performed  by  some  by  excising 
piece  of  the  tendon  and  uniting  the  cut  ends  with  a  suture  (kii^riomy)  [Schweigger 
and  others.    A  very  excellent  re**ection  ojieration  is  that  of  Reese* 

Sometimes  after  an  advancement  the  new-forraetl  at  tacli orients  give  way  or  the 
stitches  pull  out.  The  tendon  then  retracts  a  great  deal,  and  the  original  deviation  is 
miule  w*orsc^  than  ever.  To  prevent  this  danger,  sotne,  like  Savage,  ^'alk,  and  Todd, 
do  not  separate  the  tendon  from  iis  attachments  at  all,  but  shorten  it  by  taking  a  tuck 
in  it  {tcHfifm  tttcHng).  Tendon  tucking  may  be  combined  with  advancement,  the  tuck 
being  laid  (lat  and  drawn  toward  the  cornea  by  a  stitch  (Bruns).  Others,  like  De  Wecker, 
advance  Tenon's  cutisule  without  dividing  the  tendon  {capsular  a4vattci'menl), — D.] 

How  does  tiuotomy  of  a  muack  waihn  the  latter?  Let  us  assume  that  a  tenotomy 
htm  been  perforrnt^  upon  the  right  internus  for  right  convergent  strabismus.  The 
right  external  rectus,  which  w^as  slretchtHl  and  elongated  as  a  result  of  the  convergent 
squint,  now  timU  to  r«'turn  to  its  normal  length.  Hence,  after  the  division  of  the  ten- 
don of  the  itUcrnus,  the  externum  tlraws  the  eye  outward,  and  thus  diminishes  the 
strabismic  deviation.  In  pro|3ortion  aa  the  eye  thus  rolls  outward,  the  tendon  of  the 
int4?rnus  glidrs  backwanl  over  thr^  sclera.  Tlits  retraction  is  increased  by  the  elastic 
contraction  which  evtTy  dividtMl  muscle  shows:  hence,  the  tendon  of  the  internus 
hes  farther  back  upon  the  sclera,  and  becomes  attached  there  anew.  The  insertion 
of  the  nui.'^cle  is  thus  approximated  to  its  point  of  origin  at  the  optic  foramen,  and 
the  muscle  is  shortened.  B(*forc  being  divided,  the  muscle  in  its  relaxe<l  state  had  a 
certain  U^igth,  from  which  by  its  contractüe  force  it  was  able  to  shorten  down  to  a 
certain  minimum.  After  the  division  this  minimum  remains  the  same,  but  the  length 
of  the  muscle  in  the  state  of  relaxation  is  less;  hence^  tht*  difference  between  the  state 
of  rest  and  of  maximum  contraction  is  diminished.  But  this  difference  corresponcls 
to  the  power  of  adduction  of  the  eye,  wliich,  accordingly,  is  permanently  reduced  after 
the  tenotomy.  We  can  readily  convince  ourselves  that  after  an  operation,  the  eye 
can  not  be  brought  inward  iis  far  as  it  could  before;  indeed,  it  is  from  this  fact  that  we 
determine  whether  the  operation  has  been  succeasfub 

It  is  hence  clear  that  the  correction  of  the  faulty  portion  due  to  the  squint  is 
piu'cbased  at  the  expense  of  the  adduction.  In  fact,  the  loss  in  the  motility  inward 
is  always  greater  than  the  gain  in  the  jmsition  of  the  eye.  The  former  loss  is  of  no 
moment  in  cases  in  which  the  adduction  is  greatly  increased.  Here,  even  if  this  m  re- 
duced by  the  operation  to  a  point  somewhat  lielow  its  mean  value,  this  reduction  would 
still  fail  to  become  noticeable  except  when  the  eyes  were  in  the  extreme  lateral  posi- 
tion. But  the  case  is  different  when  the  altemj>t  is  miule  to  correct  a  marked  stra- 
bismic deflection  by  a  very  thorough-going  tenotomy  of  the  internus,  with  which  there 
w%>uld  neft'Hsarily  hv  iLssociat*'d  a  considerable  diminution  of  the  jiower  of  adduction» 
We  would  thrn,  it  is  true,  have  the  eyes  in  a  correct  position  while  the  gaae  is  directed 
straight  forward;  but  as  soon  as  the  patient  wished  to  kK)k  toward  the  side  w^bere  tke 
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teaotomy  had  been  done  (e.g.,  in  the  case  of  right  com 
the  eye  that  has  been  operated  on  would  not  be  able  to 
In  this  direction  of  the  gaze  divergent  strabismus  would 
paralysis  of  the  internus.  We  should  not  therefore  try 
devifttion  by  making  the  tenotomy  more  extensive,  bi 
a  simultaneous  advancement  of  the  external  rectus.  I 
operation  between  the  two  eyes.  In  this  case  we  ought  n« 
at  the  same  time  with  the  first  but  should  operate  some 
some  mvi  of  idea  as  to  the  permanent  effect  of  the  opers 

In  tenotomy  the  setting  back  of  the  tendon  is  ma 
the  latter  is  divided  its  antagonist  draws  the  eye  towar 
ktwlomtj,  therefore,  depends  essentiaUy  upon  the  cond 
contraeted  muscle.  The  more  powerful  this  is,  the  gre 
the  eye  into  correct  position  aft«r  the  division  of  the  a 
force  of  the  muscles  we  have  a  sure  gauge  in  the  ainou 
duetion  and  adduction)  which  we  can  determuie  (see  [ 
therefore  J  should  be  performed  before  every  squint  oj 
we  can  predict  approximately  the  effect  of  the  tenotom; 

If  the  effect  of  a  tenotomy  should  turnout  to  be  t< 
meana  at  our  command  to  diminish  U: — 

L  When  the  suture  is  applied  that  is  designed  to  c 
tiva,  a  wide  and  deep  grasp  is  taken  upon  the  conjuncti 
through  Tenon's  capsule  as  well.  Then,  when  the  kn 
is  drawn  forward   a  httle  along  with   the  conjuncti' 

2;  If  it  is  apparent  that  the  divided  muscle  has 
of  it^  action,  its  end  must  be  grasped  and  attached  aj 
of  thread.^,  This  event  occurs  when  the  connection  of  t 
has  been  Loosened  to  too  great  an  extent,  or  when  the 
very  elight  strabismic  deviation.  In  cases  of  the  latter  1 
to  mmlify  the  tenotomy,  so  that  its  action  shall  be  ver 
leaving  Bome  fibers  of  the  tendon  undivided.  Such  a  ] 
had  no  permanent  result  whatever.  We  can  convince 
eases  in  which  some  fibers  of  the  tendon  are  unintent: 
effect  of  the  operation  disappears  completely  after  soi 
that  remain  in  place  prevent  the  tendon  from  retracting 
to  the  M'lera  at  the  same  spot  as  before. 

In  t^ase  of  very  slight  squint  tenotomy  of  the  a 
done  at  all  but  simply  an  advancement  of  the  elongated 

I  In  tenotomy  of  the  superior  and  inferior  recti  gi 
produee  even  a  slight  over-correction  and  in  no  event  t 
of  the  lateral  bands  attaching  the  tendon  to  the  sclera, 
of  the  miDscle  may  be  produced  which  is  pretty  hard  to  rei 
long  after  the  operation.  Tenotomy  of  the  inferior  recti 
as  the  results  of  operation  on  this  muscle  are  particular 
causes  greater  discomfort  to  the  patient  than  that  of  i 
nm  to  cotifusing  diplopia  in  looking  down,  i.  e.,  in  the  hal 

As  regards  the  final  result,  cases  behave  dififerentl; 
is  that  the  effect  of  the' operation  increases  somewhat  in 
ishing  again,  and  ultimately  becoming  less  than  it  vn 
Sometimes  the  diminution  proceeds  so  far  that  the  effe* 
pletely  disappears  and  the  operation  has  to  be  repeatc 
bi'  the  case  in  divergent  strabismus,  but  it  also  occurs  n 
has  been  operated  on  simply  by  advancement.  In  an 
verso  frequently  occurs — i.  e.,  the  effect  slowly  but  stea< 
gent  strabismus  supervenes.    [This  may  take  place  ei 
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diverg«»nt  squint  has  a  specially  ugly  look,  much  more  so  indri*d  than  a  coni^ergent 
equiut  which  has  roi'urretl  after  an  advanrempnt.  Unfortunately^  it  is  imjwsaibl«, 
€?ither  before  or  liirectly  after  the  operation,  to  foresee  with  cerUiinty  which  of  these 
occurw^nces  is  going  to  ensue,  ao  that  we  emi  not  at  once  take  measures  to  combat  them. 

[Üver-effcf t  after  tenotomy  may  be  ihtv  to  mangling  of  the  ttuidon  which  makes 
it  curl  yp  and  adhere  to  the  conjunctiva  instead  of  the  sclera  or  which  pro«ltice^  other 
untoward  results.    It  is  also  apt  to  occur  when  a  muscle  is  tenotomized  for  the  second  ] 
ticne.    Re^-operation  on  the  same  mtjscle  should  be  avoided  when  p<j&sible  on  the  resiilti 
arc  always  uncertain, — ^D.] 

Among  the  unplcasant  results  that  sometimes   accompany  tenotomy  is  sinking 
in  of  the  caruncle^  which  looks  as  if  it  hatl  hwn  drawn  far  back.    This  condition  develope 
oaly  after  tenotomy  of  the  intemiAS,  and  is  due  to  the  fact  that  the  muscle  as  it  retract«  i 
drawn  the  conjunctiva  of  the  inner  half  of  the  eyeball  after  it.    This  can  be  prevented! 
if  the  conjunctiva]  wound  is  closed  with  a  suture  and  the  conjunctiva  thus  kept  in  liM 
proper  place. 

Impairment  of  the  cosmetic  result  may  also  be  produced  by  exophthalmiis\  Thia 
arises  from  the  fact  that  after  division  of  one  of  the  recti  the  eye  is  not  retracted  into 
the  orbit  with  as  much  force  aa  formerly.  For  the  same  reason  a  slight  degree  of  ex- 
ophthalmuti  13  obscr\^ed  not  Infrequently  in  paralyses  of  tlie  recti.  The  exophthalmun 
can  not  be  removed^  but  when  it  has  a  disfiguring  effect  it  can  be  concealc<l,  for  in  ex- 
oiihthalmus  of  such  a  slight  degree  as  is  here  the  case  the  cons|Hcunu.s  thing  is  not  so 
xnucli  the  protrusion  of  the  eyeball  tts  the  incre^ise  in  size  of  the  palpebral  fissure  which 
is  caused  by  the  profrusionj  and  this  latter  defect  <'an  be  corrected  by  shortening  the 
palpebral  fissure  at  the  outer  angle  of  the  eye  (tarsorrhaphy),  [In  many  cases  what  occurs 
is  not  an  exophthalmuH  but  simply  a  dilatation  of  the  palpebral  fissure  due  to  retractioD 
of  the  lid.  For  as  tlic  divided  tendon  receiies  it  fnills  the  liil  ba<'k  to<i  by  means  of  the 
slip  of  fascia  attaching  it  to  the  latter.  This  retraction  is  t>articularly  marked  after 
tenotomy  of  the  superior  and  inferior  recti.  Per  contra  after  advancement  of  theae 
muacji^  the  palpebral  fi.Hsure  is  contracted  fstn:'  page  HIS). — DJ 

During  the  after  treatment  of  a  squint  operation  there  is  formed  not  infrequently 
a  nqfiide  of  granulatwn,  growing  otit  of  the  sclera  at  the  site  of  the  conjunctival  wound. 
Subseiiuently  this  becomes  coiLitricteil  at  ita  base  and  ultimately  falls  ofif.  It  may  alao 
be  snipped  off  readily  with  the  scissors. 

Striouji  ttccithnlii,  siK^h  as  sup]>tiratlon  of  the  wound,  exudation  into  Tenon'i 
epace  with  protrusion  of  t  he  ryel>all,  antl  actual  panophthalmitis,  can  i>ccur  only  when 
the  wound  has  t>cen  inft^t^'ted  during  the  operation*  At  the  prf^ent  time  the8*^  accident» 
are  among  the  greatest  of  rarities.  If  we  should  perform  the  operation  with  a  shiirp 
pair  of  scissors»  and  at  the  same  time  are  dea.ltng  w^ith  an  unruly  patient,  it  may  happen 
to  us  to  i>crf orate  tlie  sclera.  If  the -operation  has  bet^n  |>t*rformed  aseptically,  tliis 
accident  will,  as  a  rule,  pass  over  without  producing  any  bai!  n^ultg.  In  general,  the 
squint  operation,  if  carefully  performed,  may  be  said  to  be  perfectly  free  from  danger; 
luid  it  ifl  one  of  the  operations  for  which  patienta  (especially  those  of  the  female  sex) 
are  most  grateful. . 

II.  Enucleation  of  the  Eyeball. 
166.  Enucleation  consists  in  shelling  the  eyeball  out  of  Tenon's 
capsule,  the  conjunrtiva  and  all  the  tissues  adjoining  the  eyeball  being 
left  behind.  Bonnet  has  the  credit  of  having  Ijeen  the  first  to  introduce 
this  operation,  which  he  did  upon  the  basis  of  his  studies  upon  Tenon  s 
capsule  (which  hence  is  also  culled  Bonnet's  capsule).  Before  this, 
operators  were  in  the  habit  of  cutting  the  eyebalh  together  with  the 
neighljoring  soft  parts,  out  with  a  knife  in  a  way  not  very  different 
from  that  in  which  a  butcher  is  accustomed  to  do  it.  This  much  more 
radical  operation,  which  is  called  eTirrjmiio  hulbi,  is  at  the  present  tinie 
performed  only  in  those  cases  in  which  malignant  neoplasms  have  grown 
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out  from  the  eyeball  into  the  tissues  of  the  i 
eleation  of  the  eyeball  is  no  longer  practi 
ihe  orbit  (exenteratio  orbitae)  is  meant  a  sec 
of  the  entire  orbit  so  that  nothing  but  th 
are  left.  This  operation,  too,  is  performe( 
growths. 

Enucleaiion,  as  done  by  Arlt,  is  performed 
arated  by  Desmarre's  retractors  [or  a  spring  sp 
itself  a  fixation  forceps  and  a  pair  of  straight 
one  point  blunt  and  the  other  sharp,  are  em] 
on  the  left  eye,  the  conjunctiva  close  to  the  ter 
is  first  picked  up  and  incised.  From  this  wo 
conjunctiva  is  divided  all  round  the  cornea,  a 
its  connections  still  farther  back.  Then  the 
with  the  forceps  and  divided  behind  the  latter 
remains  attached  to  the  sclera.  This  serves  t 
the  subsequent  course  of  the  operation,  whi 
of  the  rest  of  the  ocular  muscles  and  of  th 
pointed  blade  of  the  scissors  is  passed  benea 
rior  rectus,  and  the  latter  is  taken  up  upon 
close  to  the  sclera  by  a  single  snip.  The  san 
rectus.  Then  the  scissors,  closed,  are  pass 
behind  the  eyeball  to  feel  for  the  optic  ner\ 
13  drawn  forward  is  put  upon  the  stretch  s 
When  the  optic  nerve  is  felt,  the  scissors  ar 
cut  off  as  close  as  possible  to  the  eyeball,  j 
eye  can  be  pulled  out  of  the  orbit  (luxated) 
the  remaining  structures  attached  to  the  e 
and  the  two  oblique  muscles)  are  divided  as 
ball.  With  this  act  the  enucleation  of  the  eye 
cavity  is  now  presented,  which  is  bounded  1 
in  front  by  the  detached  conjunctiva  of  1 
margin  of  the  latter,  which  corresponds  to  the 
a  tliread  is  passed  alternately  in  and  out,  s 
like  the  string  of  a  tobacco  bag,  and  when  t 
junctiva  is  completely  closed.  [Many  omit  i 
of  a  pressure  bandage  we  take  care  that  the  ( 
against  Tenon's  capsule,  so  that  it  may  becom 

In  the  right  eye  the  operation  is  perform 
that  the  detachment  of  the  conjunctiva  is  bej 
cornea,  and  the  internal  rectus  is  the  first  ' 
alight  difference  between  the  operation  upc 
upon  the  left  is  explained  by  the  fact  that 
right  to  left  with  the  scissors,  as  this  is  the 

Healing  takes  place  after  enucleation  w: 
prhnary  union.     The  cavity  which  remains 
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eyeball  is  lined  by  Tenon  s  capsule,  the  raw,  inner  surface  of  which  is 
presented  to  our  view.  Upon  it  can  be  recognized  the  divided  ends  of 
the  ocular  muscles,  and  at  its  most  posterior  part  the  cross  section  of 
the  optic  nerve  surrounded  by  some  orbital  fat.  This  raw  surface  is 
covered  by  the  bulbar  conjunctiva,  which  after  being  detached  from 
the  eyel?all  hangs  down  so  as  to  form  the  anterior  wall  of  the  wound 
cavity,  and  is  then  carried  into  tlie  latter,  so  that  its  posterior,  raw 
surface  gets  to  lie  against  the  anterior,  raw  surface  of  Tenon's  capsule. 
The  ajjerture  which  the  conjunctiva  has  in  its  center  corresponding  to 
the  cornea  has  been  already  closed  by  the  tobacco- bag  suture.  Hence, 
there  is  no  raw  spot  remaining  uncovered. 

Enucleation,  if  performed  in  an  aseptic  manner,  is  an  operation 
perfectly  tie  void  of  danger.  For  purposes  of  anaesthesia  we  may  employ 
either  general  narcosis  or  the  injection  of  cocaine  (see  page  873).  The 
hemorrhage  ordinarily  is  slight,  so  as  to  require  no  other  measures  for 
its  arrest  than  the  application  of  a  pressure  bandage  upon  the  closed  lids. 
In  ease  the  bleeding  is  more  profuse,  a  tampon  of  iodoform  gauze  must 
be  introduced  into  the  orbit  itself.  Under  normal  conditions  the  opera- 
tion wound  heals  within  less  than  a  week.  Purulent  inflammation  (phleg- 
mon) of  the  orbital  tissue  occurs  after  enucleation  only  when  the  wound 
has  been  infected.  When  enucleation  is  performed  upon  an  eye  in  wMch 
active  panophthalmitis  is  present,  purulent  meningitis  with  a  fatal  issue 
sometimes  sets  in  after  the  operation.  Panophthalmitis,  therefore,  is  a 
contraindication  against  enucleation  (see  page  449),  [Many,  however, 
«nucleate  provided  the  orbital  tissues  are  uninvolved. — DJ 

Tlie  prolhesis  {ariifiaal  eye)  should  not  be  inserted  sooner  than 
fourteen  days  at  earliest  after  the  operation.  It  consists  of  a  shell  of 
glass,  which  is  made  in  imitation  of  the  anterior  division  of  the  eyebalb 
and  w*hich  is  retained  in  place  behind  the  lids.  After  an  enucleation 
w^hich  has  healed  in  the  normal  way  there  is  found  a  cavity  clothed 
with  conjunctiva,  which,  Viehind  the  upjier  and  lower  bd,  is  converted 
into  a  deep  furrow  corresponding  to  the  fornix  conjunctiva\  It  is  into 
this  furrow  that  the  upper  and  lower  rims  of  the  artificial  eye  are  inserted. 
The  deeper  the  furrow  is,  the  better  will  it  keep  the  artificial  eye  in  place. 
For  this  reason  we  take  care  in  operating  to  preserve  the  bulbar  con- 
junctiva as  much  as  possible.  In  cases  in  which  we  are  compelled  to 
remove  part  of  the  conjunctiva,  the  portion  which  remains  may  be 
drawn  into  the  cavity  by  cicatrization,  so  that  the  fornix  is  made  pro- 
portionately shallov^er.  In  this  way  it  may  become  impossible  for  an 
artificial  eye  to  lie  worn.  The  artificial  eye  moves  conjointly  with  the 
other  eye,  althougli  its  excursions  are  smaller;  for  the  ocular  muscles, 
although  detached  from  the  eyeball,  still  retain  their  connection  with 
Tenon's  capsule.  They  move  the  latter  in  the  same  direction  that  the 
other  eye  is  moving  in,  and  %vith  Tenon 's  capsule  they  move  both  the 
conjunctiva  which  lines  it  and  the  artificial  eye  which  rest«  upon  the 
j?onjunctiva, 
59 
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167.  The  indications  for  enucleation  are: 

1.  Malignant  tumors  in  the  eyeball,  and  al 
provided  they  can  not  be  removed  radically 
operation  with  retention  of  the  eyeball.  In  tu 
posterior  section  of  the  eyeball  (gliomata  of  t 
mata  of  the  chorioid)  there  is  a  possibility 
process  of  transmission  backward  along  the  op 
therefore,  the  optic  nerve  is  not  divided  close  1 
as  possible.  After  the  enucleation  has  been  pc 
of  the  piece  of  nerve  attached  to  the  eyeball  i 
prove  to  be  attached  by  the  new  growth,  the  p 
which  has  been  left  in  the  orbit  must  also  be  s 

2.  Injuries, — Enucleation  is  performed  a 
tion)i  when  such  a  considerable  injury  is  pr< 
beyond  peradventure.  This  is  the  case  in  e: 
anterior  portion  of  the  eyeball,  with  escape  oi 
the  globe.  By  enucleation  in  such  a  case  we  £ 
ophthalmitis  that  otherwise  awaits  him,  or 
process  of  shrinking  of  the  eye. 

If  the  injury  is  of  such  a  character  that  tl 
at  least  as  far  as  its  form  is  concerned,  is  not  alte 
we  try  first  to  save  the  eye  by  initiating  that 
is  indicated  by  the  nature  of  the  injury.  If,  i 
develops,  and  the  vision  of  the  eye  is  absolui 
tion  then  is  to  perform  enucleation  (secondar 
prevent  sympathetic  inflammation  of  the  othei 
also  be  performed  upon  those  eyes  which  hav 
mation  in  consequence  of  an  unsuccessful  cslU 

3.  Iridocyclitis y  atrophy  of,  the  eyeball,  i 
an  indication  for  enucleation  whenever  symp« 
ena  to  occur,  or  has  already  broken  out.  And 
fulness  in  the  eye  which  can  not  be  relieved  i: 
the  i>erformance  of  enucleation,  provided  i 
restoring  a  serviceable  degree  of  vision  has  d 

4.  Glaucoma  absolutum,  when  it  is  associ 
and  when  other  less  radical  operations  have 
forined  without  success  or  are  impracticable. 

5.  Ectasia  of  the  eyehaU,  When  the  eyebi 
in  size  either  by  large  staphyloma ta  of  the  com^ 
thalmus,  it  torments  the  patient  by  giving 
of  irritation,  by  preventing  the  closure  of  1 
ing  disfigurement.  Enucleation  is  then  indie 
can  not  be  diminished  in  size  in  any  other  wa 
operation). 

6.  Hemorrhage  which  comes  from  an  ey 
upon  or  that  has  been  ruptured,  and  which  can  l 
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7.  Cosmetic  considerations  sometimes  furnish  the  indication  for 
the  reiTioV'al  of  a  blindcHi  and  very  disfiguring  eye,  so  ai>  to  allow  an 
artificial  eye  to  be  worn  in  its  stead. 

Many  operators  use  the  aqiiint  hook  for  performing  enyt^leation.  The  tendons 
that  an?  U>  lie  detached  are  gnispeii  with  Xlm,  drawn  out,  and  divided  upon  the  hook. 
This  method  ia  easier,  but  uUo  more  elaliorat**  and  more  tifdion«,  timn  the  luetiioil  which 
Arlt  devised  of  picking  up  and  dividing  the  tendons  with  ihe  aoiissore  direi^tly. 

I'ho  ortijiciiil  eye  Biwjuld  be  taken  from  the  orhit  every  night  and  lie  well  eleaned. 
In  tirne  if  loe^s  its  Itister,  and  must  then  lie  rt^phiixHi  by  a  new  one.  It  not  infrequently 
Imppeiis  that  the  cimjutic^tiva  in  thrown  into  a  slate  of  catarrhid  iniiannnation  by  the 
merhaniral  irritation  which  the  artificial  eye  set©  up.  Ihen  the  wearing  of  the  latter 
niujst  lie  restricted  to  a  few  hoiins  euch  day,  or  given  up  altogether  for  a  while,  and  the 
conjuiK'tival  catarrh  must  receive  appropriate  treatment.  But  the  opposite  of  this 
state  of  things  alao  occurs  — namely,  that^  through  wearing  an  artificial  eye,  troutilcs 
that  were  formerly  present  are  ma<le  to  dinapfjear,  'I'his  is  the  cusa  when,  aft*!r  an 
enucleation,  the  lids  Bink  iKivk  and  an  cut roproi^  develofie,  in  conse<-|uence  of  which  the 
cilia,  which  are  directed  inward,  irritate  the  conjimctiva.  By  the  insertion  of  an  arti- 
ficial eye  the  lids  receive  support;  the  entropion  dlsapjx^ai-s,  and  with  it  vanishes 
the  tHHidition  of  irritation  in  the  conjunctiva. 

The  artificial  eye  may  lie  worn  not  only  in  an  empty  orbit  hut  also  over  the  eye- 
ball. The  only  prere(|iiieite  in  that  the  eyebidl  shall  he  diminished  in  siae,  either  as  & 
whole  through  atrophy  or  phthisis,  or  at  least  in  it-s  anterior  flivi^ion  through  applanatio 
cornea?,  or  as  a  consequence  of  ahlatitui  of  a  staphylotna  of  the  cornea.  An  artificial 
eye  when  resting  yjKtn  the  natural  eyeball  has  a  particularly  deceptive  and  natural 
apfjearance,  and  also  moves  quite  perfectly  with  the  eye  which  liei*  beneath  it.  i-n- 
fortmiately,  the  stump  tjf  an  eye  dt>e,H  not  alway»  Ix^ar  an  artificial  eye  over  it.  It  may 
become  irritati^d  by  the  latter  bo  as  to  get  inHained  and  pnainful.  In  .such  ca8et$  either 
the  artificial  eye  nnist  l*  laid  aside  or  the  Uhj  painful  «tump  must  be  enucleateil. 

In  an  empty  orbit  the  onlinary  Hhetl-like  artificial  eye  Minks  t-oo  deep  and  does 
not  move  very  well.  Hence  for  such  ca*»c.s  eyes  have  been  manufactured  which  are 
convex  posteriorly  (reform  eyes  of  Snellen). 

Inasmuch  im  the  artificial  eye  actptire«  hucIi  a  cosmetic  advantage  from  being 
placetl  ujxjn  the  shrunken  eyeball,  the  attempt  has  Ix^m  made  to  replace  enucleation 
by  an  opemtion  which  does  leave  a  stump  in  the  orbit.  This  operation  is  cienteratiß 
huHn.  A(*cording  to  Alfretl  (Jraefe's  method,  it  is  perfonned  in  the  following  way: 
In  the  first  place,  the  cornea  together  with  an  adjacent  zone  of  the  Hclera  i»  removed 
by  first  inciwing  the  sclera  near  the  limluLs  witli  a  knife,  and  then  detaidiing  it  by  a 
circubir  ctU  wit}i  the  .scisworsi.  Then  the  contents  of  the  eyeball  which  has  thus  licen 
0|>ened  are  .scooped  cleanly  out  with  a  .sharp  sjMwm^  so  tliat  the  itmer  «urface  of  the 
sclera  lies  exposed.  Lixstly,  the  opening  is  cl«jee<l  again  by  means  of  sutures  imssing 
through  the  conjunctiva  and  the  cut  edges  of  the  sclera.  In  this  way  a  stimip  is  oI^h 
taineii  wdiich,  liowever,  »hnvels  up  so  much  in  the  course  of  time,  that  it  scarcely  has 
any  value  fis  a  support  for  the  artificial  e>*e.  Hence,  the  attempt  has  l>€4ui  ma<ie  to 
get  a  st  urnp  that  slmll  remain  large  permanently,  by  introducing  into  the  empty  scleral 
cavity  a  Bphorc*  fd  ptitss  (Mules)  or  of  gilded  silver  [or  of  paraffin],  and  sewing  the  sclera 
up  over  it,  Tlie  immediate  result  is  excellent,  hut  generally  the  foreign  body  thua 
introduced  is  expelled  later^in  some  cases  not  till  after  the  lap®e  of  years.  (Fox,  aft^r 
enucleation,  inserts  a  gold  ball  into  Tenon's  capsule,  to  support  the  artificial  eye. — D.| 
Obviously  exenteration  can  not  replace  enucleation,  when  it  is  a  questioo  of  a 
malignant  new-growth  in  the  eyeball,  and  it  is  only  in  eonnecti<in  with  the  other  indica- 
tions for  enucleation  that  it  can  be  considered.  But  healing  after  an  exenteration  la 
not  as  smooth  as  after  enucleation,  and  if  the  operation  has  not  bwn  j>erfectly  aseptic, 
the  stump  that  is  left  may  suppurate.  Morr»over,  the  protection  that  exenteration 
affords  against  sympathetic  inflammation  is  not  as  complete  aj9  it  is  with  enucleation. 
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In  the  endeavor  to  be  as  conserv^ative  as  possifa 
replace  eHucleatioti  by  the  division  of  the  nerves  goin 
optico-^ilmry  tuumtmntf  (Boncheron,  Schöler).  First  tl 
rectus  antj  then  the  niuacie  it&elf  are  divided.  From  tl 
are  poased  backward  to  the  optic  nerve,  which  is  divi 
IB  then  iMjasible  to  rotate  the  eyeball  ao  far  outward  th 
with  the  stump  of  the  opiic  nerve  shaU  appear  in  the  \ 
nerve  etill  attached  to  the  sclera  is  then  removed  cloa 
the  nerve  was  divided  well  back  the  first  time,  a  Ion 
the  posterior  section  of  the  eyeball  ag  far  forward  i 
tidsue»  attaehed  to  it,  in  doing  w^hich  most  of  the  c 
the  eyeball  is  returned  to  its  place  in  Tenon's  caps 
the  divided  ends  of  the  intemal  rectus  and  the  div 
After  the  operation  is  completed  a  pressure  bandag 

Neurot 
'^IfSS^^^'    '  ~  '  "'  "^    for  enucleati« 

that  should  I 
ening  sympat 
of  pain.  Nei 
perfectly  relL 
has  repeated 
there  is  a  di 
solutely  noth 
cated.  Pain 
rotomy.  Ad 
operation  is 
enucleation  a 
period  of  he 
only  when  tl 
inflammatioi 
coma,  and  ^ 
consent  to  ai 
In  the  I 
eyeball  is  in  the  way  and  prevents  access  to  the  back  pj 
we  wish  to  perform  extirpation  of  the  tumor  with  presc 
ways  open  to  tis.  In  cases  in  which  marked  exophathal 
long  time,  the  eye  rousclea  and  the  optic  nerve  are  v 
luniaUy  easy^  after  dividing  the  conjunctiva  on  the  ter 
lecius,  to  shove  the  eye  over  toward  the  nose  far  enougl 
deeper  parts  between  the  eye  and  the  temporal  wall  o 
Dot  be  disj>laeed  sufficiently  we  procure  access  to  the  b 
a  lernporary  reMciion.  of  the  outer  uoall  of  the  orbit  (Wagn* 
inciaion  through  the  skin  at  the  orbit's  outer  margin. 
eemicirculari:^  of  the  frontal  bone^  passes  in  a  slightly  o 
of  the  outer  border  of  the  orbit,  and  turns  outward  at 
the  makr  bone  (Fig.  42 i,ab).  When  the  section  runs o 
it  is  carried  through  the  periosteum  down  to  the  b 
detached  from  the  outer  wall  of  the  orbit  backward  anc 
orbital  fissure.  Then  we  divide  the  t>eriosteum  at  the  t 
of  the  orbit  is  to  be  chiselled  throughi  i-  e.,  through  the  : 
right  above  the  upi>€r  end,  for  one,  and  close  to  its  low« 
the  Äy^omatic  arch  is  given  off,  for  the  other.  Starting 
through  the  orbit*s  outer  wall^  converging  the  two  lines 
Uom  in  Fig.  421)  as  w*c  go  backward  so  that  they  mee 
orb i till  fisfture-  The  triangular  portion  thus  defined  i 
outwjird,  and  thus  the  faaek  part  of  the  orbit  is  expose 
\\\*  4>ughl  not  to  push  too  far  our  efforts  to  prese 
«itiqwitionn  the  eyeball  would  have  lo  be  left  denude 


Fi«.  421.^Te«»»oiiaiit   Resvii^tion    of   the 

Oü¥«ii  WALL  or  THE  QitarT.     (After  HuabJ 
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Blroyet!  l>y  suppuration.  After  removal  of  the  entire  retrobulbar  tissue  ihe  ey©  would 
sink  bftck  deep  into  the  orbit,  would  tM3  fixed  there  by  »inir  tis^iue,  and  would  be  qujle 
liöelcÄS,  In  such  easea  it  is  l»ettjer  to  saerifieo  tlio  eye  iti  the  lieginning,  evni  if  it  tüliould 
be  nonntd,  since  by  so  doing  the  extirpation  of  the  tumor  can  generally  be  d<»ne  more 
quickly  and  with  more  precision,  in  rfueh  ease«  we  renn>vt^  the;  eye  and  the  retrobul^ 
Liar  tiö«ut*  in  one  niana — ejenteratian  «/  the  orbit.  We  bewein  by  splitting  the  outer  com- 
misöure  of  the  Üds  out  aa  far  au  the  extertud  margin  of  tlie  orbit.  By  tlii«  procedure 
the  lids  are  made  freeJy  movable,  and  can  Iw?  turned  hack,  the  one  up  the  other  down^ 
so  as  to  admit  a*  free  access  as  potwible  to  the  orbit.  'I  lien  the  soft  part»  behind  the 
cvertod  lids  are  divided  witli  tlie  «ftilpt«!  down  to  the  bony  margin  of  the  orbit.  P'roni 
this  aä  a  starting  ptiinl  the  jxTioHteum  i.s  detaehetl  from  the  bone  all  round  down  to 
the  apex  of  the  orbit.  The  entire  contents  uf  the  orliit  now  form  a  wedge  which  lie« 
fre«3  in  the  hitter,  and  in  attachetl  only  at  the  optic  foramen  by  means  of  tise  optic  nerve 
and  tlie  ophtlmlmie  artery,  This  pedicle  i.s  now  divided  and  the  bleeding  cut  surfaces 
are  caulerizetl  with  Pa"iuelin  a  themio-caut^ry  or  with  the  galvano-cauter>',  since 
ligation  of  the  oplithalmic  artery  is  impossible  for  technical  reasons.  Next,  all  slireds 
of  tissue  still  attached  to  the  bone  are  removed,  .m»  that  the  latter  is  completely  denuded. 
1  hen  the  orbit,  after  suitable  irrigation  with  a  disinfecting  fluid,  is  packetl  with  tam- 
pons of  iodoform  gauze,  and  a  light  pressure  bandage  is  applied  over  it. 


IIL  Operations  for  Trichiasis, 

168.  The  number  of  operative  methods  proposed  for  the  relief  of 
trit'hiusis  (and  distichiasis)  is  extremely  large.  Many  of  the  procedurea 
ativotmted  are,  however,  distinguished  only  by  trifling  details  from  each 
other,  80  that  it  is  suffirient  to  describe  at  length  only  some  few  of 
the  methods  which  may  be  regarded  as  constituting  the  main  types  of 
operation. 

Of  any  good  trichiasis  operation  it  must  be  demanded  that  it  re- 
lieve the  faulty  position  of  the  cilia  and  prevent  a  return  to  this  |x>si- 
tion  (a  relapse).  Circumstances  being  the  same»  preference  will  be 
given  to  that  method  which  attains  this  result  with  the  least  amount  of 
disligurement.  The  obvious  procetlure  for  surgeons  first  to  hit  upon 
consisted  in  simply  removing  that  part  of  the  lid  which  bears  the  cilia 
(ablation  of  the  zone  of  hair  follicles).  But  since  the  results  of  this 
method  of  operating  leave  much  to  be  desired,  it  was  so  modified  that 
the  zone  of  hair  follicles  was  not  remt^ved,  but  simply  displaced  in  such 
a  way  that  the  cilia  took  on  the  direction  desired  (transplantation  of  the 
zone  of  hair  follicles).  By  these  methods  the  trouble  is  removed,  but 
without  its  cause^namely»  the  distortion  of  the  tarsus — being  done 
away  with.  Hence,  still  others  conceived  the  idea  of  curing  trichiasis 
by  giving  the  distorted  tarsus  its  normal  shape  again  (straightening  of 
the  tarsus).  Upon  som^  one  of  these  principles  depend  most  of  the 
known  operations  for  trichiasis. 

t.  Ahlution  of  the  Zone  of  Hair  FoUicks  by  Flarer's  Method, — Dur- 
ing the  operation  some  firm  support  upon  which  the  cutting  can  be 
done  must  be  placed  l>eneath  the  lid.  Ft>r  this  purpose  a  lamina  of 
horn  is  employed,  ^vhich  is  pushed  beneath  the  lid.  the  lamina  being 
either  in  the  simple  form  of  Jager's  horn  plate  (Fig.  422,  a)  or  in  the  com- 
plicated form  of  Knapp's  blepharostat  [lid  clamp]  (Fig.  422»  b),  in  which 


«34 

the  lid  is  kept  pressed  against  a  horn  plate  by  means  of  a  metal  ring. 
lid  must  be  similarly  fixed  in  the  other  methods  of  operating  for  irich 
After  inserting  the  horn  plate  an  incision  is  made  with  the  lance 
(or  with  a  scalpel)  in  the  intermarginal  space»  and  in  fact  in  that  gre| 
line  which  separates  the  orifices  of  the  Meibomian  glands  from  the  : 
of  the  cilia  (t,  Fig.  284).     When  we  make  the  incision  here  we  get  i 


[Fio,  422-— lM8TRüM€>rrB  roa  iJo  OrduTioNB. 

««  JifC^r's  horn  pt&t«.     K  Knapp's  lid-clamp,     c^  Dc^marrtV«  crlaiiip,     Ttte  piste  in  <t»  A 
llliert«(i  hetieatli  ih«?  lid  thu»  affording  a  neÄiütinR  «urfaif  upon  wluob  to  ctJl  in  &U  openUir 
tb«  lid»  (operaluni.'M  for  trichiasi»,  etitropioD,  ectropion,  ptucsi««.  cliulaxiän,  f^to,^     U  «ad  r,  Wh 
ft  nnjf  that  can  hi?  «rrt^winl  down  upon  tli«  lid,  also  act  a«  clamp«  tioldinc  the  lid  ßronly  U»  f 
prifv«nting  he^rnurrhaRO  durin«  tli«  Operation. —  V,] 

the  loose  connective  tissue  which  lies  between  the  tarsus  and  the  museo^ 
lar  fibers  of  the  orbicularis,  and  which  is  readily  divided.  We  thus  split 
the  lid  into  two  lamina*,  the  anterior  of  whiA  contains  the  ßkin  witii 
the  cilia,  and  the  posterior  the  tarsus  with  the  conjunctiva,  Thil 
process  of  cleavage  must  run  along  the  whole  length  of  the  edge  of  thfl 
lid  and  be  carried  inward  to  a  point  over  the  roots  of  the  cilia — J*  e^ 
to  a  distance  of  about  3  mm.  from  the  free  edge  of  the  lid.  WheH 
the  zone  of  hair  follicles  is  thus  detached  from  the  tissues  beiieath  it, 
we  now  need  only  separate  it  from  its  connection  with  the  skin  of  thi 
lid.     This  is  done  by  an  incision  carried  through  the  skin  parallel  will 
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the  edge  of  the  lid  and  situated  at  the  limits  of  the  zone  of  hair  follicles. 

hThis  latter  is  then  connected  with  the  tikin  of  the  lid  only  at  its  two 
ex  t  re  mi  tie  j?.  This  connection  being  now  divided  with  the  scissors,  the 
Isone  of  hair  follicles  (the  portion  a,  bounded  by  the  dotted  line  in  Fig. 
423)  is  detached.  A  raw  surface  now  remain»  along  the  border  of  the 
lids,  the  rtoor  of  which  is  fornied  Iw  the  anteriur  surface  of  the  denuded 
tarsus»     This  wound  heals  by  granulation  within  a  few  days. 

Ablation  of  the  region  of  hair  follicles  has  the  advantage  of  sim* 
plicity,  and,  moreover,  when  nothing  has  Ijeen  left,  makes  ah  relapses 
impossible;  but  it  produces  a  permanent  disfigurement  due  to  the  re- 
moval of  the  ciiia,  and  deprives  the  eye  of  the  j>rotection  which  the  cilia 
afford.  This  is  of  particular  importance  in  the  upper  lid,  where  the 
cilia  are  more  numerous  and  are  larger.  Jloreover. 
the  hard  cicatrix  which  is  formed  at  the  site  of  the 
ablated  zone  of  hair  follicles  is  often  a  cause  of 
renewed  irritation  of  tlie  eye.  Hence,  ablation  of  the 
zone  of  hair  follicles  is  at  present  but  rarely  performed. 
It  is  empluyed  upon  the  lo%ver  lid,  where  the  cilia  in 
any  case  are  small  and  scanty,  and  particularly  in 
cases  (A  partial  trichiasis  in  which  ablation  need  be 
done  only  over  a  short  extent  of  surface, 

2,  Dufdtwement  (Trans plantatioTi)  of  the  Zone  of 
Hair  FoUklcs  bif  Jaescke-Arlt^s  ^Method, — In  the  upper 
lid  tlie  operation  is  performed  by  Ijeginnlng,  as  in  the 
ease  of  al>hition  of  the  hair  follicles,  with  an  incision  in 
the  intermarginal  space,  wiiieh  splits  the  lid  into  two 
laminie  as  far  as  the  upper  limit  of  the  bed  of  hair  follicles  (m,  Fig.  424  A). 
In  this  way  the  bed  of  hair  follicles  is  detached  from  the  underlying  tissue 
and  is  made  movable.  In  order  now  to  draw  this  zone  up  and  attach  it 
at  a  higher  point,  the  skin  of  the  lid  is  shortened  in  the  vertical  direction 
by  excising  a  fnld  of  it.  The  fold  to  be  excised  is  bounded  by  two  inci- 
aions.  One  runs  3  or  4  mm,  above  the  free  border  of  the  lid  und  parallel 
with  it;  the  other  is  carried  above  the  first  along  a  curved  line»  so  that  at 
its  center  it  is  farthest  (6  to  8  mm.)  from  the  first  incision,  but  at  its 
extremities  coincides  with  it  (Fig.  424  C).  In  this  way  an  elliptical  piece 
of  skin  is  circumscribed,  which  then  is  dissected  from  the  underlying  tis- 
sues with  the  scissors,  care  being  taken  to  preserve  the  subjacent  muscular 
fibers.  The  two  lijis  of  the  wound  being  then  united  by  a  number  of  sut- 
ures, which  are  applied  in  a  vertical  direction  {s,  Fig.  424  B),  the  lower  lip 
of  the  wound,  together  with  the  zone  of  hair  follicles»  is  drawn  well  up; 
and  the  cilia  are  in  this  way  directed  straight.  At  the  same  time  the 
incision  in  tlie  intermarginal  space  gapes  open  and  dlsjilays  at  its  bottom 
the  raw  anterior  surface  of  the  tarsus.  In  order  that  the  bed  of  hair  fol- 
licles may  not  b^  drawn  down  again  by  the  cicatrization  of  this  wound, 
the  piece  that  has  been  excised  from  the  skin  of  the  lid  is  inserted  into  the 
wound  so  as  to  be  implanted  there.    This  piece  must  be  trimmed  dowTi  so 
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as  to  fit  well  into  the  wound  (A,  Fig.  424  B).  If  care  is  taken  by  proper 
bandaging  of  the  eye  to  keep  the  transplanted  strip  of  skin  pressed  against 
the  raw  surface  forming  the  bed  of  the  wound,  it  almost  always  becomes 
well  attached  to  the  latter  in  healing. 

In  performing  this  operation  the  mistake  is  frequently  made  of 
excising  too  broad  a  piece  of  skin  from  the  cutaneous  surface  of  the  lid, 
which  thus  becomes  so  much  shortened  that  ectropion  or  lagophthalmus 
develops.  We  should  therefore,  before  the  operation,  determine  the 
sij&e  of  the  piece  to  be  exsected,  by  pinching  up  a  fold  of  skin  with  the 
finger  and  seeing  how  large  this  must  be  in  order  to  eflfect  its  object 
without  shortening  too  greatly  ^ 

the  skin  of  the  lids. 

In  the  lower  lid  the  oper- 
ation is  performed  in  the  same 
way,  except  that  here,  in  order 
not  to  get  ectropion,  the  piece 
of  skin  to  be  exsected  must 
be  made  still  narrower. 


.A 


Fio.  424.— Transplantation  of  tbb  Bed  of  Hair  Foluclrb  bt  Jaucbs-Arl.t's  If rsod. 
A,  cutaneoiu»  incision  and  incision  in  the  intermarginal  line,  m.    Magnified  2X1.    B.  operatioo 
after  tying  the  cutaneous  sutures,  «,  and  implanting  the  piece  of  sldn,  h.    Magnified  2X1.     C,  front 
view  after  the  excision  of  the  sldn  has  been  made  and  with  the  horn  plate  inserted.    Natural  aiae. 

3.  Drawing  up  the  Bed  of  Hair  Follicles  by  Hotz's  Method.^ — When 
this  operation  is  made  upon  the  upper  lid,  an  incision  is  first  carried 
through  the  skin  of  the  latter,  passing  along  the  upper  border  of  the 
tarsus  from  one  end  of  it  to  the  other.  Then  the  lips  of  the  wound 
are  separated,  and  the  bundles  of  fibers  of  the  orbicularis  (Fig.  425,  o) 
which  are  visible  at  its  bottom  are  exsected.  The  wound  is  next  closed 
and  at  the  same  time  its  lower  lip  is  stitched  to  the  upper  border  of  the 
tarsus.  For  this  purpose  the  needle  is  passed  first  through  the  upper 
lip  of  the  cutaneous  wound,  then  through  the  upper  border  of  the  tarsus, 
and  lastly  from  within  outward  through  the  lower  lip  of  the  cutaneous 
wound  (s,  Fig.  425).  As  many  of  these  sutures  are  applied  as  necessary. 
The  idea  underlying  this  operation  is  to  raise  the  bed  of  hair  follicles, 


*[A8  Hoti  say»,  first  proposed  by  Anagnoetakis. — D.] 
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Flu,  425.— HoTi'a 
Operation» 


not  by  shortening  the  skin  of  the  lids,  as  in  Jaesche-Arlt*s  method,  but 
by  attaching  the  skin  to  a  fixed  point— namely,  the  upper  border  of  the 
tarsus.     The  exsection  of  the  hl_>ers  of  the  (»rbitularis  is  done  with  the 
hUention  of  diminishing  the  power  of  this  niusule  whieh 
tends  to  force  the  Ud  backward.     This  operation  dis- 
penses with  the  step  of  detaching  the  bed  of  hair  fol- 
licles by  an  incision  in  the  interniarginal  space;  byt  it 
may,  if  necessary,  be  combined  with  such  an  incision, 
B         In  the  lower  lid  the  method  of  oj>erating  is  the 
"same,  but  the  cutaneous  incision,  in  accordance  with 
the  smaller  height  of  the  tarsus,  runs  closer  to  the 
^Oree  border  of  the  lid. 

H         4.  Slraighirning  of  the  Tarsus  by  Snellen  ^s  Method,  — 
Brhis  object  is  sought  to  l>e  obtained  by  the  excision  of 
^a  prismatic  piece  from  the  tarsus.     The  skin  is  incised 
about  2  mm.  above  the  border  of  the  lid.  and  in  a  direc- 
tion parallel  to  the  latter  along  the  entire  length  of  the  lid  (?',  Fig.  426  A). 
Then  the  lowermost  bundles  of  fibers  of  the  orbicularis  which  lie  ex|x>sed 
in  the  wound  are  excised,  so  that  the  tarsus  is  presented  to  view.    A  pris- 
matic piece  is  now  exsected  from  this  latter  along  its  entire  length,  and 

in  such  a  way  that  the  base  of  the  wedge 
corresponds  to  the  anterior,  the  apex  cjf  the 
wedge  to  the  posterior  surface  of  the  tarsus 
(e,  Fig.  426  A).  The  next  thing  to  do  is  to 
bring  the  two  cut  surfaces  of  the  tarsus  into 
contact.  This  is  accomphshed  by  sutures 
applied  under  the  form  of  loops  by  means 
of  double-armed  threads.  One  needle  is  first 
passed  through  the  upper  border  of  the  tarsus 
(a,  Fig.  426  B),  and  is  then  carried  down 
in  front  of  the  wound  in  the  cartilage  and 
between  the  tarsus  and  the  skin  as  far  as  the 
free  l>order  of  the  lid,  alio ve  w^hich  it  is  brought 
out  again,  A  similar  mantruvre  is  performed 
with  the  other  needle.  The  loop  then  lies 
upon  the  upper  extremity  of  the  tarsus,  while 
the  two  ends  of  the  thread  come  to  view 
above  the  border  of  the  lid.  These  ends  are 
then  tied  upon  a  bead  (/>)tand  are  afterward 
carrieil  up  to  the  forehead,  where  they  are 
attached  with  plaster  alxrve  the  eyebrow. 
In  this  w^ay  the  Ud  is  kept  drawn  up,  and  coaptation  of  the  cutaneous 
wound   is   rendered  superfluous,   as   this  then    closes   of   itself. 

Ablation  of  the  bed  of  hair  follicles  is  among  the  oldest  of  the  methotis  for  opera* 
ting  upon  trichiasis.  At  the  presc^nt  time  it  ha»  lieen  almost  entirely  replaced  by  the 
methodfi  for  transplantation  of  the  ^one  of  hair  foUiclee. 


Fio ,  426.— 8m  bt,le  n  *«  O  p  ejiati  o  n  . 
Masnified  2  <  ]. 

Ap  lifter  co«ipl(*tinK  the  cutÄtic- 
out)  incision.  i\  and  the  eXfmrtiün 
of  ibe  tttr!(>UH,  r.  B,  after  apply- 
ing the  suture. 
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Flo,  427. — OETnNOEN's 

Opebatxon. 

SJuffiiified  2X1. 


The  mo6t  important  step  in  the  way  of  improvi: 
was  made  by  Arlt,  who  devised  the  plan  of  detachin 
the  tarsus.  In  this  way  one  was  enabled  to  do  an  ex 
having  to  fear  a  necrosis  of  the  bed  of  hair  follicles,  as  ii 
who  released  the  bed  of  hair  follicles,  along  with  the  su 
and  separated  both  completely  from  the  underlying 
however,  is  not  free  from  disc 
sists  in  the  difficulty  of  gauginj 
to  be  exsected;  another,  in  ti 
regards  the  first  point,  no  fix€ 
the  strip  of  skin  to  be  remov 
according  to  the  character  (i.  c 
skin  of  the  hds.  If  too  little  i 
licles  is  not  drawn  up  sufficieni 
too  much  skin  has  been  remo\ 
thalmus,  which  could  only  be 
tions.  For  this  reason  metho< 
intended  to  effect  the  elevati( 
without  excising  any  skin.  1\ 
category.  A  somewhat  differe 
He  carries  the  incision  in  the 
above  the  upper  border  of  the  tarsus,  so  that  all  the  si 
be  displftced  upward.  This  portion  of  skin  is  then,  by 
lis  free  border,  which  carries  the  cilia,  to  the  upper 
Below  the  free  border  of  the  lid,  which  has  been  thus 
krg^  wound,  formed  by  the  anterior  surface  of  the  ta 
depend  the  methods  of  Kostomyris,  De  Wecker,  and  ^ 
Snellen's  operation  for  straightening  the  tarsus  hs 
foUawiag  manner:  He  divides  the  skin  of  the  lid  2  or 
the  hd  and  parallel  to  the  latter  (t,  Fig.  428  A),  the  incis 
running  the  whole  length  of  the  lid.  Then,  beginning 
thm  incision,  he  dissects  up  the  skin  as  far  down  as 
free  border  of  the  lid  and  as  far  up  as  the  upper  bor 
of  the  tarsus.  Next,  cutting  down  upon  the  horn  pli 
he  makes  an  incision  which  runs  in  the  same  way  as 
incialon  in  the  skin,  and  divides  the  tarsus  through 
entire  thickness,  including  the  conjunctiva  tarsi.  By  t 
inciaioti  the  lower  half  of  the  tareus,  together  with  the  f 
border  of  the  lid,  is  made  freely  movable,  and  by  meani 
sutures  can  readily  be  rotated  forward  far  enough  for 
f'ilia  to  lie  properly  directed.  The  sutures  are  formed  ii 
loops  and  passed  above  through  the  edge  of  the  tarsus  a 
the  tamo-orbital  fascia,  and  the  free  ends  of  the  loop 
brought  out  behind  the  skin  of  the  lid  along  the  interm 
gjiml  Ime,  and  here  are  tied  over  a  glass  bead  (Fig.  428 
Acting  like  Snellen's  operation,  i.  e.,  by  relieving 
distortion  of  the  tarsus,  is  the  enudeaiian  of  the  tarsus 
Kuhnt's  [modification  of  Heisralh^s]  method^  which,  hoi 
the  tarsus  being  in  part  covered  with  the  retrotarsal  fol 
it  can  be  enucleated  (see  page  168). 

The  relapses  which  are  of  frequent  occurrence  al 
After  many  other  methods,  have  the  following  causes: 
haa  not  completely  run  its  courae,  the  whrinking  of  Um 
conti nuea  to  progress  after  the  operation,  and  once  mo 
posi  t  io  n .  2 .  The  shortening  of  the  skin  produced  by  exc 
permanent,  because  the  skin,  especially  in  old  person 
3.  The  wound  in  the  intermarginal  space,  which  remaii: 
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tion  and  th^  fonnatioQ  of  cicatrices.  By  xhv  Rrtuhial  contraction  of  the  cicatricial  tis- 
sue the  free  border  of  the  lid  may  be  drawn  down  again  and  the  prwition  of  the  cilia 
he  made  worse.  The  firet  point  has  its  basis  in  the  nature  of  Iraclioma,  and  can  Jot 
be  charge<J  to  the  a4*eoiiat  of  the  method  of  operating;  but  the  second  and 
third  point«  cfnistimte  defects  in  the  operation^  which  it  has  lieen  ssought  to  nünedy. 
In  order  lo  make  tlie  contraction  of  the  skin  permanent,  tlie  latter  has  been  attached 
to  a  fixed  point*— immcty,  the  cuuvex  border  of  the  tÄrwu«  (Holz),  The  main  cause 
of  relapses— ^i.  e.,  the  depreiision  of  the  bed  of  the  hair  follicles  tku*  to  the  cicatriisation 
uf  the  wovmd^it  lias  l>een  attempted  to  g«t  rid  of  by  covering  the  wound  with  »kin. 
In  Arlt*s  meiliod  this  object  may  l>e  attainefl,  as  liaa  l>een  descriljed  above,  by  trans- 
planting the  excised  portion  of  skin  upon  the  wound  (Waldhauer).  But  as  this  piece 
of  skin  is  covered  with  fine  lanngo  liairw,  whicli  may  cause  renewed  irritation  of  the 
ew,  Van  Mitlirujen  prefers  to  cover  the  woimd  with  mucoiis  membrane  which  he  takes 
iTiHH  tiie  liitet  of  the  patient,  or  from  the  conjunctiva  of  u  rabbit.  8ince  flap«  ol  skin 
or  mucous  membrane,  when  destitutes  of  a  pedicle,  are  exposed  to  the  danger  of  morti- 
fication, and  in  any  ease  shrink  verj^  greatly,  others  Imve  chosen  pediculate  skin  flape 
for  covering  the  wmind.  In  Spetwer  WaUon'a  metfuni 
this  flap  is  formcxl  in  tiie  folk) wing  way:  An  incision 
is  made  in  the  interniurginal  space,  and  a  secimd  one 
is  made  fiaralUd  to  the  txirder  of  tlie  hds  and  above 
the  row  of  ciha,  as  is  done  for  their  ablation  (Fig.  129, 
in  the  outer  half  of  (he  upper  hd).  'then,  instead  of 
detiK'hing  the  strip  of  «kin,  thu.^  marked  out,  at  l>oth 
ends,  as  in  the  operation  of  ablation,  it  is  separated 
St  one  extremity  only.  The  l>ed  of  hair  follicles  is  thus 
transformed  into  a  long,  slender  flap  whiclt  is  free  at 
one  extremity,  but  at  the  otlier  is  connet  ted  wdh  the 
skin  of  the  hds  (a,  Fig,  429).  Then  a  second  flap  of 
skin  similar  in  öhap©  is  fashioned  by  tnaking  a  set-ond 
incision  about  3  mm.  abtjve  the  first  and  parallel  to 
it,  and  thus  marking  nul  a  narrow  strip  of  skin,  which 
is  likewise  left  in  ronnectittn  with  the  skin  of  the  hd 
by  one  extremity  only  (Fig.  429,  b).  The  base  of  this 
flap  must  he  at  the  temporal  end  of  the  lid,  provided 

the  base  of  the  h)wer  flap,  which  Invars  the  cilia,  is  situated  at  the  nawil  end,  and 
vice  versa,  rhen  the  two  flaps  are  interchanged,  m>  that  the  one  which  carries  the 
ciha  gets  to  lie  alxne,  and  ilie  one  that  was  above  gi^ts  to  lie  Ix^low,  along  tlie  free 
liorder  of  the  hd  (Fig,  429,  ii^  and  6,).  The  llape«  are  kept  in  their  place  by  sutures. 
This  operation  is  best  adapt«?*!  for  those  cases  in  which  the  trichiasis  is  present  simply 
at  one  or  the  other  extremity  of  the  row  of  ciliu,  anil  in  which,  therefore,  a  short  flap  is 
sufficient  (Fig.  429),  If  Spencer  VVatson's  o^icration  is  performed  aloni?  the  whole 
length  of  the  lid,  it  has  the  disadvantage  that  the  flaps  have  a  very  great  length  in  pro- 
portion lo  their  narrow  base,  and  hence  are  apt  to  die.  Against  this  danger  the  opera- 
tion of  Blaakovics  alTordj?  some  security.  The  incision  is  first  made  aa  for  a  Flarer's 
Ablation  of  the  arch  of  hair  follicles,  except  that  the  operator  does  not  *letach  the  bridge- 
shaped  skin  flap  thiis  formed  at  its  two  et\ds,  but  leaves  it  connectetl  with  tlie  skin  of 
the  lids.  Only,  1  or  2  mm.  abf»vc  the  uppex  incision  another  is  made  jiarallel  with  it  and 
joining  it  at  its  two  ends,  and  thus  a  narrow  strip  of  skin  is  marked  off,  which,  however» 
is  not  detached  from  its  bed.  But  since  it  i:^  united  to  its  bed  simply  by  lax  connective 
tissue,  it  is  possible  to  draw  it  down  behind  the  bridge  flap  and  prevent  its  sliding 
up  again,  this  being  cffeetfHl  by  fö«tening  down  the  bridge  flap  with  sutures  to  the  under* 
lying  parti*  above  the  other  flap. 

Other  methods  to  be  mention etl,  which  likewise  employ  flaps  with  a  pedicle,  are 
_tho«e  of  Gay  et,  Jacobson,  Dianoux,  and  Landoh . 

Each  of  the  mcthoda  named  has  certain  advantages  and  disadvantaged.     The 


Fia.  429. — ÖPKNrüK   W^thon'b 
Ofeäation  ^-ok  TmcuiAÄiß, 

Tlii/i  ii*  reprwjfiitoil  as«  hpjnir  p«r- 
furiiied  in  äucli  a  way  ttmt  tb« 
flap?»  do  nat  nxiend  over  the  en- 
tire ff'iijictli  lit  *hp  lid,  but  only  over 
on«*  tialf  *jf  it.  The  rpiit<?r  half  of 
lUtf  upper  lid  (ihi>W!<f  the  flaps  tn 
thrir  nntiirol  position;  th*f  inner 
lifilf  «ihoWN  ilie  poftitiut)  of  th«  flap« 
after  they  have  been  iitt  err  hanged. 
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experiencf'd  operator  will  not  employ  any  one  of  them 
methcKl  to  suit  the  case  in  hand,  and  when  neceasary  < 
method.^.  Thus  Hotz's  method  may  be  combined  witl 
with  the  detachment  of  the  bed  of  hair  follicles  by  an  ii 
dktortion  of  the  tarsus  is  a  very  conspicuous  feature,  I 
the  latter.  In  cases  in  which  the  trichiasis  is  greatest  in 
äuitiibU%  ^ince  in  this  method  the  exsected  piece  of  ski 
hence  it  k  in  this  place  that  the  greatest  cUsplacement 
foUiclee.  The  methods  of  Hotz,  Snellen,  and  Panas  al 
the  center  of  the  lid.  For  trichiasis  at  one  end  of  the  ro 
flap  with  a  pedicle — e.  g.,  by  Spencer  Watson's  method- 

IV.  Canthoplasty 

169.  The  object  of  canthoplasty  (Von  Ai 
pebral  fissure  by  dividing  the  outer  commissui 
ated  widely  with  the  fingers  and  drawn  toward 
commissure  is  put  upon  the  stretch,  and  the 
straight  pair  of  scissors  is  introduced  behind 
with  one  snip  the  skin  lying  between  the  blade 
in  a  horizontal  direction;  then,  upon  drawing  t 
wound  is  exposed  to  view  (Fig.  430).  The  tw< 
lie  in  the  skin,  the  two  inner  sides  in  the  coi 
the  canthal  ligament  (see  page  941)]  the  inner 
the  outer  by  grasping  the  conjunctiva  at  the  s 
of  the  wound  come  together,  and  attaching 
angle  of  the  wound  by  a  suture.  Then  an  add 
and  conjunctiva,  is  passed  through  the  upper 
the  wound  respectively  (Fig.  431). 


If  the  wound  in  the  external  angle  of 
with  the  conjunctiva  thus  stitched  to  it,  it  wc 
time.     Hence,  if  all  that  we  need  is  a  tempo 
pebral  fissure,  we  satisfy  ourselves  with  split 
sure  without  applying  any  subsequent  suture- 

The  indications  for  canthoplasty  are: 
anktfhblrpharon.  In  this  case  a  permanent 
operation,  anil  this  is  therefore  made  with  a  c 

2,  BlcjtharosiHism,  especially  if  it  gives 
Here  temporary  canthoplasty  is  sufficient.     ' 


OPERATIONS  UPON  TUE  ADNEXA  lilLBL 


941 


tiofi  in  these  vusea  is  attributüble  not  only  to  the  lengthening  of  the 
palpebral  fissure,  but  also  and  tnalnly  to  the  division  of  the  fil>ers  of 
the  orbieulariB,  in  eon.sequenee  of  which  the  latter  sufTer  a  eonsiderable 
inipainnent  of  strength.  If,  as  is  so  frequently  the  ease,  the  spastic 
entrojiion  is  combined  with  blepharophimosis»  the  c^aiithophisty  niust 

•be  ('onibined  with  suture. 
3.  Goriorrhftal  conjunct imtis,  when  the  hd:^  are  extremely  swollen 
and  exert  a  considerable  pressure  upon  the  eye.    In  this  case  temporary 
canthoplasty  is  sutheient*    The  sanie  thing  is  true  when  the  enlargement 
of  tlie  palpeljral  fissure  serves  as^ 

»4.  A  preliminanj  step  to  enable  us  to  remove  through  the  palpebral 
fissure  an  eyeball  which  is  %'ery  much  increased  in  size,  or  an  orbital 
tumor. 

In  trachoma  it  is  often  difÜcMilt,  owing  to  the  shrinking  of  the  t!onjnnftiva,  to 
draw  the  lall*er  siifficicaitly  into  ihv  skin  wound  and  sew  it  üiere.  Jn  this  rase  we 
follow^  Kuhnt*s  method  and  take  insttiiid  of  ("cmjunetiva  a  narrow  cutaneous  flap  which 
iö  fashioned  from  the  skin  tif  the  lower  Ud.  'ilie  flap  i«  rut  parallel  to  the  free  horder 
of  the  hd  and  vUmt,'  to  the  latter  in  euch  a  way  that  it*  ha<?e  hvs  u^  tiie  outer  side  of  the 
i"c»mini!*sure  of  tlie  lido  no  that  the  flap  can  Ix?  placed  in  the  split  ronmdssure  without 
l»eing   turned. 

In  order  to  make  the  sides  of  the  cotnmiasure  draw  far  enougti  apart,  we  loosen 
up  the  attachment  of  the  tids  h}^  dividing  subcutanecnisly  the  rigid  fibers  whicti  pasH 
from  the  outer  ends  of  the  upper  and  lower  tarsi  to  the  outer  margin  t>f  the  orbit.  [This 
is  don^  by  seizing  the  ronjunetival  tx>rder  of  the  wound  with  the  forn^p»  and  drawing 
on  it  until  the  resistance  of  the  fifwrs  (*anthal  ligament)  is  distinctly  felt,  then  patising 
the  clfkse*!  blade«  of  the  Bcis«ors  into  the  wound^  fetding  for  the  ligament  and,  when 
it  it»  founds  opening  the  aciasors  blades  so  as  jiibX  to  include  and  divide  it  (Hotz). — DJ 

V.  TARsoRRiiAPny. 

170.  Tarsorrhaphy  consists  in  shortening  the  palpebral  fissure  by 
uniting  the  edges  of  the  lids;  it  is  aceordirigly  the  direct  opposite  of 
canthoplasty.  The  union  of  the  edges  of  the  palpebral  fissure  may  be 
effected  either  at  the  outer  or  at  the  inner  angle  of  the  eye  (tarsorrhaphia 
lateralis  and  medial  is), 

1.  Lateral  tarsorrhaphy. ^In  Von  Walther's  method  this  is  performed 
by  paring  the  upper  and  lower  borders  of  the  lids  by  ablation  of  the  bed 
of  hair  follicles  over  the  space  adjoining  the  external  angle  of  the  eye^ 
and  then  stitching  the  borders  of  the  lids  to  each  other  along  the  denuded 
area*  As  in  this  way  it  is  only  a  very  narrow  raw  surface— i,  e,,  the  raw 
edges  of  the  lids — over  which  union  is  effected,  the  wound  is  apt  to  tear 
apart  under  any  considerable  amount  of  strain.  Hence  in  these  cases  1 
perform  the  opjeration  in  a  different  way.  First»  the  extent  to  which  it 
is  desired  to  join  the  lids  together  is  marked  out;  then  to  the  same 
extent  the  lower  lid  is  split  into  its  two  laminae  by  an  inter  marginal 
incision.  From  the  inner  extremity  of  the  section  a  short  incision  is 
carried  downward  throtigh  the  skin,  thus  converting  the  anterior  lamina 
of  the  bisected  portion  of  the  lid  into  a  flap  (a.  Fig.  432).  The  upper  and 
inner  borders  of  this  flap  are  free,  while  the  lower  and  outer  borders  are 
connected  with  the  skin  of  the  lid.     The  follicles  of  the  cilia,  which  He 
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exposed  along  the  posterior  border  of  the  up] 
moved  by  a  Rcissoni  applied  flatwise — this  be 
Tnay  afterward  fall  out.  Then  the  upper  lid  i 
the  internmrginal  section  in  the  same  way  as  u 
ablating  the  bed  of  hair  follicles  thus  detacher 
There  is  thus  produced  a  raw  surface  (6,  Fig.  4 
that  the  *skin  flap  of  the  lower  lid  shall  adhe 
order  that  adhesion  of  the  raw  surfaces  then 
their  edges,  shall  take  place,  the  suture  is  appl 
of  a  thread  armed  with  a  needle  at  each  end  an 
lid  near  its  free  border,  the  needles  being  pa 
In  this  way  the  loop  of  the  thread  gets  to  lie 
of  the  lid^  while  the  free  ends  come  out  upor 
These  ends  are  then  passed  through  the  base 
are  tied  upon  its  anterior  aspect  over  a  glass 
base  of  the  flap  Is  kept  pressed  against  the  n 
the  upper  lid;  then,  as  an  additional  precaul 
flap  are  accurately  united  to  the  edge  of  th 
by  means  of  a  few  fine  sutures.    The  adhesio 

this  method  is 
even  a  powerfa 
2.  Median  t 
Arlt,  is  performe 
ceps  and  scissors 
both  the  lower  \ 
their  inner  angh 
wounds  thus  pr< 
acute  angle  at  a 
inner  commissur 
then  united  to 
entire  extent  by 
ures.  If  a  firm« 
operation,  too,  li 
1/  may  be    made 

^^X.  small  skin  flap. 

'  Tarsorrhaph 

1.  In  ectrop 
is  raised  by  attac 
sorrhaphy  is  mc 
paralytic  ectropi< 
of  cicatricial  ec 
very  often  performed,  in  conjunction  with  b 
insure  the  lids'  remaining  in  the  proper  posit 
2.  In  lagophlhalmus,  because  the  closure 
facilitated  by  shortening  the  latter.  The  foi 
most  often  gives  occasion  for  the  performan( 


Fro*  432.— TAftfloaftHAi'HY. 


A   ItLtemJ    tiu^QrrhiiLphy    is    repre« 
eye-    a    iii«diBja   tai^orrhjipby  at   the 


wntetl   At  the  ejcternaf  angle  of  the 


iatenipJ  linislc?.    On   the  Jo  wer  lid 
shown    the    petition    of   the   loop    uf 
thread  in  G»iH*rfl'?*  auttire. 
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which  develops  in  Basedow's  disease  in  foosequenceof  the  exophthahiius, 
inasmuch  as  we  have  no  other  means  of  relieving  it. 

As  a  rule,  lateral  tarsorrhaphy  is  the  operation  which  is  done.  Me- 
dian tarsorrhaphy  is  scarcely  ever  employed  except  in  paralytic  ectro- 
pion» and  is  done  then  only  l>ecause  in  this  condition  the  lower  lid 
generally  droops  more  in  its  inner  than  in  its  outer  half. 

When  the  lower  lid  has  b^en  in  a  con(iition  of  ectropifun  for  a  pretty  lonf?  time, 
it  is  ordinarily  ftninci  to  hiive  lieeom©  elongatetl  by  the  «t retelling  it  has  undergone. 
In  order  to  make  the  lid  short  again,  a  procedure  by  which  it  is  at  the  same  time  put 
upon  the  stretch  and  pressed  against  the  e^^eball,  the  lower  lid,  in  the  perh>rrnane© 
of  tarsorrhaphy,  i**  pared  t4j  a  greater  extent  tlian  is  the  upper.  When  Uie  elonga- 
tion k  j>articiiiarly  marked,  the  Ud  is  shortened  by  excising  a  triangular  piece  at  iU 
outer  extremity.  The  a^xjx  of  the  triangle  is  directed  downward,  and  its  base  corre- 
»ponds  to  tlie  free  b*>rder  of  the  lid.  The  two  side^  of  the  triangular  noteh  are  united 
by  means  of  suture«. 

The  operation  of  uniting  the  lids  by  meani^  of  tarsorriiupliy  is  sometimes  done 
under  great  teiLsion — e.  g.^  when  the  attempt  is  made  to  bring  closer  together  lids  that 
have  become  shortened,  or  when  the  operation  is  done  in  a  case  of  exophtbuhnufi. 
In  the  latter  event  it  is  the  entailed  eyeball  tlial  tends  to  ptish  the  lids  apart.  To 
diminish  the  tension,  that  portion  of  the  palpebral  fissure  which  is  to  remain  open 
may  alw  lie  closed  by  meims  of  sutures,  this  being  done  without  paring  the  edges  of 
the  hdfi,  so  that  the  union  shall  lie  only  a  provisional  one.  The  KUiure»  are  left  in  until 
they  cut  their  way  through,  or  until  the  healing  of  the  wound  made  by  tlie  tarsor- 
rlmphy  liaa  become  uufhciently  firm. 


/ 


FjO,   433. — MfrmODfl  of  Of-EKATINO  upon  ENTSOPtON. 


A.  mature  in  Gaiüiifii'*.Arlt*»  method  ac«n  from  in  front.    B,  »een  in  vertical  «eotion;    sitimtiou 
of  the  4oop.    C,  the  «ame  after  the  loop  ha»  been  drawn  light«     B  and  Ü  magmfied  2  <  L 

VI,  Operations  for  Entropion. 

171  i  SpaMic  €ft(ropimi  tlevelops  only  when  the  skin  of  the  Ikh  is 
abundant  and  relaxed  (see  page  642).  If  then  the  skin  is  put  upon  the 
stretch  by  pinching  up  a  honzontal  fold  of  it  in  the  fingers,  the  entropion 
disappears.  Upon  this  observation  depend  those  methods  of  opcTating 
for  entropion  which  produce  contraction  of  the  ^^kin  of  the  lid  in  a  verti- 
cal direction.     The  methods  of  operating  that  are  most  in  use  are; 
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1.  GaiUard's  Suture. — This  operation  as 
formed  as  follows:  One  needle  of  a  double-a 
the  junction  of  the  middle  and  inner  thirds  o 
of  efitry  lies  close  to  the  border  of  the  lid  (c 
exit  lii  a  distance  below  it  upon  the  cheek  e 
of  the  thumb  (d).  The  second  needle  is  passi 
near  the  first,  so  that  the  loop  end  of  the  thn 
the  border  of  the  lid  (Fig.  433  A),  and  the  t 
beneath  the  skin  of  the  lids  in  a  parallel  dii 
thread  is  applied  at  the  junction  of  the  midc 
lid.  If  the  two  ends  of  each  thread  are  tied  o 
plaster  or  of  iodoform  gauze  and  drawn  tigh 
is  pinched  up  upon  the  lower  Ud  (a,  Fig.  433 
]g  made  to  disappear.  In  order  to  produce  a  s 
are  drawn  tight  enough  to  produce  a  slight 
subsequently  disappears.  The  threads  shoub 
bands,  which  shall  produce  the  same  effect 
jiloiig  the  channels  made  by  the  threads.  1 
in  again  subsequently  in  spite  of  the  open 
iogly,  is  adapted  to  those  cases  only  in  w^hi 
entropion  of  presumably  short  duration,  at 
which  develops  beneath  a  bandage. 

2.  Excision  ^of  a  Horizontal  Strip  of  SI 
skin  is  pinched  up  between  two  fingers,  it^. 
the  entropion  shall  be  relieved  by  it  withoul 


Fio.  434. 


Operation  for  entropion  by  Von  Qraefef's  method. 
Way  of  making  the  incision. 


The   same 


a  lagophthalmus  being  produced;  then  thi 
one  stroke  of  the  scissors,  and  the  two  edg 
united  by  means  of  some  sutures.  If  the  o 
the  upper  edge  of  the  wound  must  lie  pretty 
the  lid.  The  result  of  this  operation  is  ordir 
here,  too,  recurrences  of  the  ectropion  som< 
subsequent  stretching  of  the  skin.  Hence  tl 
Hotz  s  operation  (see  page  936),  which  fast< 
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a  fixed  point,   the  attached  border  of  the  tarsus,  is  also  employed  in 
entropion. 

3.  Excision  of  a  Vedical  Strip  oj  Skin. — If  we  push  backward 
upon  the  eniropionized  lid  in  the  region  of  the  orbital  margin,  the  lid 
§:oes  back  into  place.  We  make  u^e  of  this  fact  when  we  try  to  keep  the 
lid  in  the  proper  position  by  means  of  an  appropriately  placed  bandafce 
(pat?o  t>43)j  but  we  can  aLso  secure  a  permanent  effect  of  this  kind  by 
shortening  the  skin  of  the  \\d  at  the  margin  of  the  orbit  in  a  horizontal 
direction,  so  that  it  becomes  t-ense  and  presses  the  hd  backward.  We 
first  make  an  incision  ah  fFig.  434)  parallel  to  the  lid  and  then  from  the 
extremities  of  the  middle  third  of  this  incision  make  the  converging 
incisions  ce  and  de  downward  ae  far  as  the  margin  of  the  orbit.  The 
piece  so  delimited  is  cut  out.  and  then  the  two  lateral  borders  of  the 
incision,  after  their  connections  have  been  loosened  up  sufficiently^  are 
united  in  a  vertical  direction  (Fig,  435;  Von  Graefe).  The  sears  result- 
ing from  this  operation  are  rather  more  visible  than  those  resulting 
from  the  excision  of  a  horizontal  strip  of  skin,  because  they  run  perpen- 
dicular to  the  direction  of  the  cutaneous  folds;  but,  on  the  other  hand, 
this    operation    affords    more   security   against   relapses. 

4.  Caniho plasty,  since  it  relieves  blepharospasm,  may  Fio.  43«* 
also  be  employed  for  the  abrogation  of  spastic  entropion. 
In  those  cases  in  wliich  blepharophimosis  is  present  with 
the  entropion,  the  canthoplasty  must  be  made  with  a 
conjunctival  suture:  in  other  cases  a  temporary  cantho- 
plasty (page  940)  often  suffices. 

In  cicairicial  entropion,  due  to  shrinking  of  the  con* 
junctiva  and  the  tarsus,  those  methods  of  operating  are 
indicated  which  are  employed  for  trichiasis,  since  cica- 
tricial entropion  may,  as  far  as  its  origin  is  concenied, 
l>e  regarded  as  nothing  but  a  trichiasis  that  hai»  become 
far  advanced. 

lastead  of  Gtiillard's  »uturp  we  rnay  also  *in»plny  one  of  Snellen's  (not  to  be  con- 
founded with  Snellen's  sutun?  tot  t^t^tropiorij.  This  wiu*  nuxlUiLHl  b^'  Ötellung  in  the 
foilawing  way:  '*Ono  or  two  stout  threads  armed  with  eurved  needle»  at  both  ends 
are  passed  through  the  entire  thirkness  of  the  lid»  starting  from  the  deepest  portion 
of  the  retrotarRal  fold  of  the  eonjuiietiva  (fi»  Fig.  4iir>),  fwj  that  they  forni  at  tlie  fundus 
of  the  conjuiittival  sac  one  or  two  loops  4  to  5  mm.  in  lengHi  and  plaeed  paralleJ  txi 
the  free  tx>rder  of  the  lift  Earh  netdle  is  next  carried  back  through  it.s  point  of  exit  in 
the  external  covering  of  the  Ud  {b)^  then  is  passed  vertically  lietwcen  the  letter  and 
the  fibm-t^artilage  to  a  point  just  at  the  external  Up  of  the  lid,  there  (c)  is  brotjght 
out  again,  and  the  two  ends  of  each  thread  are  drawa  as  tight  as  necessary  over  a  roll 
of  adliesive  plaster  and  tied.  '* 


VIL  Operations  for  Ectropion. 

172.  In  n}msiic  ectropion ^  which  does  ntvt  yield  to  reposition  and  the 
application  of  a  bandage,   SneUen's  stUure  gives  the  best  service.     Like 
Gailiard's  suture  in  entropion  (page  944),  it  coDBists  of  two  loops,  one  of 
60 
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which  U  mtuated  at  the  junction  of  the  ex 
the  other  at  the  junction  of  the  middle  anc 
are  passed  downward  (or  in  the  upper  lid  up 
the  lid.  The  point  of  entry,  however,  is  diffc 
this  lies  at  the  summit  of  the  ectropionized  c< 
ordinary  circumstances  close  to  the  poster! 
{a,  Fig.  437  A).  From  this  point  the  needh 
the  skin  of  the  lid  to  a  point  about  at  the  su 
of  the  orbit,  and  there  is  brought  out  agair 
with  the  other  end  of  the  thread  is  carried  d 
parallel  with  it.  The  two  extremities  of  the 
to  view  upon  the  cheek  are  tied  over  a  roll  o; 
form  gauze  and  drawn  tight  until  a  slight 
437  B)  is  produced.  The  same  thing  is  do 
The  mode  of  action  of  the  operation  depenc 
protruding  portion  of  the  conjunctiva,  which 
drawn  downward  and  forward  in  the  direction 
can  also  be  employed  in  senile  ectropion,  althc 
has  no  permanent  effect. 

Paralytic  ectropion  indicates  the  performi 
latter  is  also  frequently  performed  in  senile 

latter  Kuhnt's  ope 
results.  This  is  n( 
of  the  old  method 
upon  the  fact  that 
is  elongated,  and  th 
stiffer  by  being  sho 
to  the  eyeball.  T 
plished  by  cutting  > 
base  of  which  must 
since  here  the  elong 
In  order  that  a  col 
be  produced,  the  < 
the  entire  thicknes 
inner  layers — ^nam< 
tarsus,  (see  Figs.  ^ 
With  respect  t 
least  serious  cases  are  those  in  which  not  much 
contraction  of  the  lid  is  caused  simply  by  a  few  < 
if  those  draw  the  lid  in  against  the  bone  and  atl 
dition  which  so  frequently  remains  after  caries 
In  such  cases  the  cicatricial  bands  may  either 
or  be  cut  out  altogether,  according  to  their  sit 
wound  be  closed  again  by  sutures.  The  effe 
made  more  thorough  and  also   more  lasting 


EcTSonoN. 

A,  before  tifchteninc  the  loop.    B, 
alt«r  tighioning  the  loop. 
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ornied  at  the  same  time.  If,  however,  much  of  the  skin  of  the  Ud  has 
[>een  lost»  we  will  have  no  success  with  this  simple  operation,  but  must 
proceed  to  the  perfontiance  of  blepharoplasty,  the  object  of  which  is  to 
replace  the  akin  that  has  f)eeii  lost.  This  may  be  dotie  by  the  iniplaiita- 
tion  of  pediculate  or  noii-pedieulate  Oaps. 

If  we  are  going  to  implant  a  pediadale  fl(tp  into  the  lid,  the  latter 
must  be  properly  prepared.  The  cicatricial  portion  of  the  Hd  is  first 
divided  by  an  incision  parallel  to  the  free  border  of  the  lid»  and  then 
the  more  deeply  situated  cicatririal  bands  are  also  cut  thrtmgh  until 
the  lid  is  freely  movable  and  can  be  brought  into  its  normal  position 
without  any  strain  being  put  upon  it.  Those  portions  of  the  cicatricial 
skin  which  appear  to  have  but  little  vitality  are  excised,  in  doing  which, 
however,  the  free  border  of  the  lid,  wherever  it  has  been  preserved,  is 
spared  as  far  as  possible;  then  the  lid  is  brought  into  the  proper  poi^ition 
and  retained  there  by  being  united  to  the  other  lid.  The  union  of  the 
two  lids  should  be  made  a  permanent  one  for  about  the  outer  third  of 
the  palpebral  fissure — i.  e.,  should  be  combined  with  paring  of  the  bor- 
ders of  the  lids  as  in  the  method  of  tarsorrhaphy — but  the  inner  two 
thirds  of  the  palpebral  fissure  are  united  simply  by  means  of  a  temporary 
suture.  After  the  lid  has  been  thus  put  in  place,  the  incision  which  was 
made  for  the  purpose  of  releasing  it  gapes  widely  so  as  to  form  quite  a 
large  raw  surface,  which  must  be  covered  with  ykin.  We  now  proceed 
to  the  formation  of  the  flap.  For  this 
purpose  a  great  number  of  methods 
have  been  proposed,  according  to  the 
size  and  shape  of  the  loss  of  substance. 
The  methods  m*>st  employed  are  those 
of  Fricke  and  Dieffenl>ach. 

PYicke's  method  is  especially 
j  adapted  for  elongated  losses  of  sub- 
stance, whether  upon  the  upper  or 
the  lower  lid.  To  cover  these  losses 
of  substance  a  tongue-shaped  flap 
(L,  Fig,  438)  is  fashioned,  the  base 
of  which  adjoins  one  end  of  the  loss 
of  substance  (S).  The  flap  is  most 
commonly  taken  from  the  skin  of  the 
temple  and  the  cheek,  and  in  size 
and  shai>e  must  be  made  to  fit  the 
loss  of  substance.  In  doing  this 
it  must  be  borne  in  mind  that  the  flap  shrinks  not  only  immediately 
after  it  has  been  detached,  but  also  subsequently.  It  must  therefore 
be  made  about  one  third  larger  in  all  its  dimensions  than  the  loss  of 
substance.  In  order  that  its  nourishment  may  be  satisfactory,  its  base 
must  be  made  broad  enough,  and,  moreover,  should  not  be  twisted  too 
much  in  the  act  of  transplanting  the  flap  into  the  wound.  For  the 
same  reason,  the  skin  should  not  be  dissected  off  clean»  but  the  subcu- 


^^^SMi^^rf^ 


Flo.  43S. — Blkphahoplajitt. 

Tbr  met  hod  of  Frirkf  h  prewpntcd  on  t  he  upper 
hd;  thmt  of  DiefTenbärh  on  the  IrmKr. 
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taneous  fat,  together  with  the  vessels  runi 
along  with  the  flap.  The  flap  thus  dissectec 
of  substance,  and  is  attached  by  sutures  to 
ously  been  rendered  movable  by  undermini 
remains  at  the  spot  where  the  flap  has  be< 
be  diminished  considerably  in  size  by  mean 
surface  is  allowed  to  heal  by  granulation  or 
epidermis  by  Thiersch's  method.  At  the  bi 
formed,  due  to  twisting  and  larger  in  propc 
twisting.  This  swelling  flattens  afterward  s 
tible;  should  it  cause  disfigurement,  it  may 

Dieffenbach's  method  becomes  applicabi 
stance  either  has  the  form  of  a  triangle  (the 
the  border  of  the  lid),  or  can  be  readily 
form  (8,  Fig.  438).  It  is  better  adapted  to 
lid.  The  flap  (/)  is  ordinarily  taken  from  1 
of  substance — i.  e.,  from  the  cheek.  An  i 
temporal  side  along  the  prolongation  of  t 
should  be  somewhat  longer  than  the  latt 
shrinking  which  the  flap  will  undergo.  F 
this  section  (a)  a  second  incision  is  made  do 
side  of  the  triangle.  In  this  way  a  quadra 
the  base  of  which  is  situated  below.  Th 
dissection,  and  is  turned  slightly  toward  tl 
lie  upon  the  loss  of  substance,  to  which  it 
The  loss  of  substance  which  remains  at  tl 
was  taken  is  made  as  small  as  possible  b] 
remainder  of  it  is  allowed  to  heal  by  granul 

The  raw  surface  which  is  exposed  aft 
been  put  into  place  may  also  be  covered  1 
of  pedicles — an  operation  which  is  called  i 
introduced  into  surgery  as  a  well-establisl 
although  isolated  experiments  had  been 
different  methods  are  distinguished,  accon 
piece  of  skin  that  is  grafted.  In  one  methc 
which  contain  only  the  most  superficial  1 
the  epidermis,  the  rete  Malpighii,  and  the  ap 
graft).  In  the  other  method  portions  of  ; 
the  entire  thickness  of  the  cutis,  and  whic 
of  substance  either  cut  up  into  small  piece 
of  some  size  (dermic  graft).  The  skin  mi 
persons  or  from  amputated  limbs  with  soui 
between  the  epidermic  and  the  dermic  metl 
pied  by  Thiersch's  method,  in  which  com 
of  skin  are  taken,  but  which  besides  epith 
superficial  layers  of  the  cutis. 

With  the  pieces  of  skin,  which  are  trir 
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iw  surface,  the  latter  is  carefully  covered  o%^er  in  such  a  way  that  they 
are  everywhere  in  intimate  contaet  with  the  subjacent  parts,  against 
which  they  are  then  kept  applied  by  means  of  a  light  pres^sure  bandage. 
The  methcKl  of  grafting  has  the  advantage  over  the  formation  of 
skin  flaps  with  a  pedicle,  that  the  face  is  not  disfigured  by  any  addi- 
tional cicatrices.  On  the  other  hand,  it  affords  less  certainty  of  success, 
since  the  pieces  of  skin  often  liecome  gangrenous.  But  even  when  they 
do  become  attached  they  afterward  shrink  very  much,  so  that  the  suc- 
cess of  the  operation  is  diminished,  or  is  even  entirely  nullified.  This 
is  especially  true  of  bits  of  epithelium  transplanted  by  Reverdin*s  method, 
and  therefore  it  is  not  good  for  blepharo plasty;  larger  Thiersch  grafts, 
and  especially  larger  flaps  taken  from  the  whole  thickness  of  the 
cutis  shrink  less,  and  are  hence  available  for  this  purpose.  In 
these  methods  too  we  must  always  take  account  of  the  subsequent  con- 
traction in  that  we  start  by  making  a  flap  much  larger  than  the  loss  of 
substance.  Hence  also  the  ground  for  the  transplantation  must  be  prepared 
in  such  a  w^ay  as  to  make  the  raw  surface  that  is  to  be  covered  as  large  as 
possible.  After  a  thcrough-going  dissection  the  shortened  lid  is  drawn  far 
over  the  other  lid  and  attached  in  this  position»  so  that  the  two  cut 
edges  are  separated  as  far  as  possible  from  each  other  and  the  loss  of 
substance  is  made  correspondingly  large.  The  flap  for  covering  in  this 
raw  surface  is  taken  from  a  part  of  the  body  which  has  a  skin  that  is  as 
thin  and  as  free  from  hair  as  possible — usually  from  the  inner  surface 
of  the  upper  arm.  Here  a  piece  of  skin  is  marked  out  which  is  somewhat 
larger  than  the  k>ss  of  substance,  and  this  piece  is  dissected  off  in  such  a 


Fig,  439, 


Fia.  440. 


/ 


^ 


Operation  by  the  methcxl  of  Kuhnt  ftncl  Dieffen- 
bach.    Wä.v  of  making  the  inci»ioD. 


The  name  after  the  «tln«»  uf  the  wounti   have 
b««ti  united* 


way  that  we  get  only  the  cutis  without  any  subcutaneous  fat*  This  is 
carefully  fitted  to  the  raw  surface  and  without  being  attached  by  stitches 
is  kept  applied  simply  by  a  light  pressure  bandage. 

Grafting  is  especially  adapted  for  those  cases  it  which  we  are  deal- 
ing with  only  small  losses  of  substance  and  in  which  the  operation  is 
done  mainly  for  cosmetic  purposes.  It  is  further  indicated  when  the 
skin  surrounding  the  lids  for  some  reason — for  instance,  because  of  its 
cicatricial  character — cannot  be  employed  for  the  fashioning  of  pedicu- 
late  flaps. 
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The  operation  for  senile  ectropion  by  KuknCt  i 
the  intonnarginal  line  and  dividing  the  lid  at  its  mic 
doing  this  over  as  great  an  extent  as  that  by  which  \ 
(Fig*  439  from  d  to  c).  From  the  ends  of  the  intemu 
verging  incisions  backward  through  conjunctiva  and 
angular  piece  so  delimited,  and  then  unite  the  edges 
a  suture  (Fig.  440,  /e).  Since  no  skin  has  been  cut 
to  form  a  beak-like  projection,  after  the  wound  i 
on,  thiH  projection  smooths  down  almost  completely. 
follow  MaUei'a  method  and  by  means  of  the  interma 
the  lid  in  its  entire  outer  half  into  its  two  laminae,  ai 
läge  and  sewing  it  up  again,  distribute  the  excess  o1 
lid  by  applying  the  stitches  obliquely  (sewing  **a8 
proposal  we  may  combine  Kuhnt's  operation  with  tha 
ststs  In  excising  a  triangular  piece  of  skin  adjoining  the 
and  then  by  reuniting  the  edges  of  the  woimd,  prodi 
an  effect  which  renders  this,  too,  an  operation  which  is 
wish  to  combine  Dieffenbach's  operation  with  that  of 
incision  in  the  intermarginal  line  edh  (Fig.  439)  and  i 
and  abc.  Next  we  displace  the  cutaneous  lamina  of  1 
ing  it  on  the  lamina  containing  the  mucous  membran< 
he  against  ac.    Then  these  cut  edges  are  united  by  st 

Blopharoplasty  is  not  difficult  if  the  free  border 
tracted  lid  still  remain,  as  ordinarily  happens  whei 
ulceration  or  gangrene.  The  case  is  otherwise  when 
for  instance,  when  it  has  had  to  be  removed  in  its  ei 
lloina.  In  such  a  case,  of  course,  we  can  use  only  a  fl 
be  no  substratum  for  the  non-pediculate  flaps.  But 
and  an  epithelial  lining  on  the  posterior  surface  of  th< 
flap  is  pediculate.  The  posterior  surface  becomes  cons 
by  cicatrization,  and  the  flap  is  thus  drawn  up  into 
free  border  scratches  the  cornea.  Of  the  methods  whi 
ng  this  defect  the  best  is  that  of  Büdinger  who  mak^ 
AftßT  the  pediculate  flap  has  been  fashioned  there  i 
of  the  auricle  a  flap  the  size  and  form  of  which  corres 
of  the  lid-flap  that  has  to  be  covered.  This  flap  con 
^urfaL*e  of  the  auricle  and  of  the  portion  of  cartilage  Yx 
raw  posterior  surface  of  the  new  lid  and  is  attached 
of  the  ear  replaces  the  tarsus,  and  its  cutaneous  lining 
the  skin  on  the  anterior  surface  of  the  auricle  has  i: 
button -holed;  the  wound  on  the  ear  heals  without  be 

which  on  account  of  its  situation  on  the  poster! 
spicuous. 

VIII .  Operations  for 
173.  An  operation  is  indicated  both  in  i 
cases  of  acquired  ptosis  which  can  not  be  c 
whole  series  of  methods  of  operating  for  p 
circumstance  which  proves  that  no  one  of 
factory  results.  This  can  be  readily  und€ 
physiological  action  of  a  muscle  can  not  be 
surgiL-al  operation  whatever. 

The  oldest  method  consisted  in  shorten!] 
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skin,  a  procedure  which  Von  Graefe  eotiibined  with  excisiun  of  the 
subjacent  bundles  of  fibers  of  the  orbicularis  (the  antagonist  of  the 
levator  palpebral).  This  method  has  been  abandoned,  because  a  suffi- 
ciently Rreat  shortening  of  I  ho  lid  always  results  in  a  considerable  degree 
of  lagophthalmus;  and  if  only  a  little  skin  is  excised  the  o|>eration  is 
unsuccessful/  It  is  true  that  the  new  methods  also  are  not  free  from 
the  objection  that  they  cause  a  certain  degree  of  higophthalnms,  but, 
in  roniparison  with  the  elTect  produced,  this  is  slight  and  not  injurious. 
These  new  methods  start  from  the  idea  that  the  action  of  the  levator 
can  be  replaced  only  liy  a  muscular  action.  If  there  is  a  levator  wiiieh* 
though  weakened,  can  still  contract,  w^e  attempt  to  increase  its  effect 
upon  the  lid;  if  the  levator  is  entirely  absent»  we  endeavor  to  invoke 
the  aid  of  other  muscles,  like  the  frontalis  or  the  superior  rectus,  for 
lifting  the  lid. 
H  1.  An  increase  in  the  action  of  the  levator  is  effected  by  shortening 
^the  latter.  This  idea  lies  at  the  foimdation  of  the  operation  for  advance- 
ntent  of  the  levator  proposed  by  Eversbusch.  A  cutaneous  incision  is 
made  about  midway  Ijetwe^eii  the  border  of  the  lid  and  the  eyebrow, 
and  passing  in  a  horizontal  direction  from  one  end  of  the  lid  to  the 
other.  Starting  from  this  incision,  the  skin  and  the  fibers  of  the  orbic- 
ularis are  loosened  from  their  attachments,  so  that  they  can  be  pushed 
to  one  side,  and  the  upper  border  of  the  tarsus  together  with  the  levator 
can  be  exposed  to  view.  A  loop  «jf  thread  is  then  passed  through  the 
tendon  as  high  up  as  possible,  the  two  ends  of  the  loop  being  carried 
down  betw^een  the  tarsus  and  the  skin  of  the  lids  and  brought  out  in 
the  intermarginal  space.  If  these  ends  are  tied  there  and  drawn  taut, 
the  tendon  of  the  levator  is  draw^  down  by  means  of  the  loop  thus  passed 
through  it,  so  that  the  tendon  is  folded  and  thus  shortenefl.  Three  such 
loops  should  be  applied— one  in  the  middle  and  one  on  either  side.  This 
method  gives  good  results,  which,  however,  are  not  always  permanent, 
as  the  tendon  w^hich  has  been  drawn  down  by  the  loops  of  thread  sul>se- 
quently  retracts*  Better  and  more  permanent  results  are  obtained  if 
WT  perform  the  operation  of  shorttming  the  tendon  by  excising  a  portion 
of  it.  The  skin  of  the  lid  is  incised  along  the  convex  border  of  the  tarsus, 
and  from  this  point  dissected  up  as  far  as  the  eyebrow.  The  fascia  tarso- 
orbi talis  and,  after  this  has  been  divided,  the  tendon  of  the  levator  now 
lie  exposed  to  view.  Of  the  tendon  a  portion  is  exsected  w4iose  length 
must  he  regulated  by  the  degree  of  ptosis.  Then  the  anterior  extremity 
of  the  shortened  muscle  is  sew^ed  again  to  the  convex  border  of  the  tarsus. 
H  2.  If  the  levator  is  completely  inactive,  shortening  of  it  would  be 

without  effect.  We  then  endeavor  to  replace  its  action  by  that  of  the 
frontalis;  starting  from  the  fact  that  persons  with  ptosis  strive  to  lift  the 
lid  by  wxinkling  the  forehead.  This  is  regularly  done  in  bilateral  ptosis, 
since  otherwise  the  patient  w^ould  not  be  able  to  see.  But  in  unilateral 
ptosis  where  there  is  no  such  compulsion,  wTinkling  of  the  foreheaii  com- 


*fOil1ot  de  Grandmoni*!!  method  in  which  a  eirip  of  the.  tapsuä  Itself  it  excised  afforda  quite  cood 
fBSiitt^  in  c  infMiital  ptfwin. — DJ 
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monly  is  absent  and  in  that  case,  then  the  following  methods  are  inappli- 
cable. By  the  wrinkling  of  the  forehead  the  eyebrows  are  lifted  and  thus 
indirectly  the  lid  is  lifted  too.  But  the  skin  of  the  lid  must  be  entirely 
smoothed  out  before  the  edge  of  the  lid  can  be  elevated  at  all,  and  hence 
the  greatest  part  of  the  effect  that  the  contraction  of  the  frontalis  is  able 
to  exert  is  lost.  Hence,  the  idea  arose  of  making  the  elevation  of  the  lid 
greater  by  connecting  it  directly  with  the  fibers  of  the  frontalis.  This  may 
be  effected  by  means  of  a  sitbcutaneaus  autxvre  (Dransart,  Pagenstecha-). 

One  needle  of  a  double-armed  thread  is  entered  above  the  free  border 
of  the  lid  and  is  carried  up  beneath  the  skin  of  the  lid  to  the  arch  of  the 
eyebrows,  above  which  it  is  brought  out  again.  The  second  needle  is 
passed  alongside  the  first.  There  is  thus  a  loop  of  thread  l3rüig  within 
the  lid,  the  middle  of  the  loop  being  situated  above  the  free  border  of 
the  lid  and  its  two  ends  emerging  above  the  eyebrows.  These  ends  are 
tied  over  a  roll  of  adhesive  plaster  or  iodoform  gauze  and  drawn  ti^t. 
Ordinarily  three  such  loops  are  applied  alongside  of  one  another  and 
they  are  left  in  situ  until  firm  cicatricial  bands  are  formed  along  the  suture 
tracks — ^bands  which  extend  from  the  lid  to  the  surface  of  the  frontalis 
muscle  and  connect  these  two  structm-es  together  (give  the  muscle  what 
may  be  called  a  tendon  for  the  upper  lid). 

Hess's  method  depends  upon  the  same  principle.  La  order  that  the 
scar  which  is  left  shall  not  be  visible  the  incision  is  made  in  the  eyebrow 
which  has  previously  been  shaved;  it  occupies  the  middle  of  the  latter 
and  traverses  its  entire  length.  Starting  from  this  incision,  the  skin  of 
.  the   lid   is   detached   with   the   knife 

downward  as  far  as  the  free  border 
of  the  lid.  Then,  as  with  the  sutures 
described  above,  three  loops  of  thread 
are  passed  from  the  lid  up  to  the  fore- 
head. The  entry  is  made  in  the  outer 
skin  about  in  the  middle  of  the  top- 
most part  of  the  lid  in  order  that 
when  the  threads  are  drawn  up  a 
fold  of  skin  may  be  formed  which  will 
imitate  the  covering  fold.  The  point 
of  exit  is  about  2  cm.  above  the  eye- 
brow. The  loops  of  thread  are  drawn 
^  up  until  the  lid  is  elevated  a  good  deal, 

FiQ.  441. — Panas's  Operation  fob  Pro«».  •  xi.        it     x     i?  xi_  T"  t^ 

smce  the  effect  of  the  operation  after- 
ward diminishes  somewhat.  Since  in  the  period  inunediately  succeeding 
the  operation,  the  lid  can  not  cover  the  eye,  the  latter  during  this  time 
must  be  protected  from  desiccation  by  a  dressing  with  a  moist  chamber 
(page  650).  Hess's  method  is  much  more  successful  than  simple  sutures 
because  the  skin  of  the  lid  which  has  been  made  raw  on  its  imder  side  is 
displaced  superficially  on  its  bed  which  is  also  raw;  and  by  the  adhesion 
of  these  raw  surfaces  it  is  kept  permanently  in  its  new  place. 
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The  operation  of  Panas  tries  to  secure  the  connection  between  the 
iid  and  the  frontalis  muscle  by  the  formation  of  a  pedicle  from  the  skin 
of  the  former^  which  peiHele  is  attached  to  the  skin  of  the  forehead  and 
to  the  surface  of  the  muscle.  Fig.  441  shows  how  the  pedicle  is  cut 
out  of  the  skin  of  the  lid.  The  pedicle,  s,  after  being  defined  by  incision, 
is  dissected  from  its  bed  until  it  is  freely  movable;  then  a  horizontal 
incision,  a,  is  made  through  the  skin  directly  above  the  eyebrow.  Start- 
ing both  from  this  incision  and  from  the  wound  already  made  l>elow, 
the  skin  of  the  eyebrow  is  undermined  so  that  a  bridge  of  tissue  is  formed, 
beneath  which  the  pedicle,  «,  is  slipped  so  that  its  upper  margin  is  in 
contact  with  the  upper  lip  of  the  incision^  a.  Its  attachment  i^  the 
latter  is  effected  by  means  of  a  loop  of  thread,  the  center  of  which  lies 
on  the  cutaneous  side  of  the  pedicle,  while  its  extremities,  b  b,  are  passed 
through  the  upper  hp  of  the  wound.  By  drawing  the  loop  tight  the 
pedicle  is  lifted  up  and  is  attached  to  the  upper  border  of  the  wound. 
If  necessary,  a  second  loop  may  be  applied,  and  also  some  interrupted 
sutures,  to  secure  exact  adaptation  of  the  edges. 

The  operation  produces  a  satisfactory  effect  but  has  the  disad- 
vantage of  leaving  scars  which  run  perpendicular  to  the  direction  of 
the  fibers  of  the  orbicularis  and  hence  are  pretty  conspicuous. 

3,  The  superior  rechts  is  also  available  for  replacing  the  levator. 
Following  Motais's  method,  we  hr«t  expose  this  muscle  by  cutting  through 
the  conjunctiva  al  a  point  corresponding  to  the  insertion  of  the  tendon, 
and  starting  from  this  incision  we  make  a  second  incision  in  the  con- 
junctiva along  the  muscle  itself  carrying  it  back  through  the  upper 
retrotarsal  fold  and  as  far  as  the  convex  border  of  the  tarsus.  The 
tendon  is  now  detached  from  the  sclera  along  a  line  occupying  the  middle 
of  its  insertion  and  3  to  4  mm.  wide;  and  by  starting  from  each  extremity 
of  this  incision  and  splitting  the  muscle  longitudinally  far  backward,  we 
fashion  out  of  its  middle  third  a  free  tongue,  while  the  nasal  and  tem- 
XM>ral  thirds  of  the  nmscle  remain  connected  with  the  sclera.  The  free 
end  of  the  tongue  is  then  stitched  to  the  upper  border  and  the  anterior 
surface  of  the  tarsus.  [According  to  the  somewhat  different  description 
given  by  Bruns»  this  is  done  by  passing  a  double-armed  thread  through 
the  tendon  near  its  main  insertion  and  in  that  part  which  forms  the 
free  tongue.  (The  latter  may  be  cut  either  before  or  after  passing  the 
stitch,  and  should  extend  back  as  far  as  possible.)  The  thread  is 
firmly  tied*  and  the  ends  are  left  long.  Then  with  a  blunt  instrument 
the  skin  is  separated  from  the  tarsus  down  to  the  free  Vmrder  of  the  lid. 
In  the  space  thus  opened  up,  the  two  ?ieedles  are  carried,  brought  out 
just  above  the  free  border  of  the  lid.  and  tied  over  a  roll  of  gauze  tight 
enough  to  produce  a  marked  primary  over-effect.  The  conjunctival 
wound,  especially  in  the  cul-de-sac.  must  be  carefully  closed. — D.] 
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catarrh.  '2i\.  50.   i:?0.    171 
causing  conjunctivitis,  26,  59,  139,  171 
causing  convergence-excess,  752 
causing  increase  of  astigmatism.  854 
for   determining   availability   of  iridec- 
tomy. 508.  511,  890 
for  determining  refraction.  860 
for  diagnosticating   posterior   synechia» 

and  secluslo  puplllie.  385.  .301 
for  erosions  of  cornea.  289 
for  Injuries  of  iris.  424 
for  iridodlalysls.  424 
for  Iritis.  416 

for  keratitis.  243.  254.  266,  276.  282 
for  rupturing  svncchie,  416,  420 
for  scleritis.  322 

for  spasm  of  accommodation,  860.  868 
for   squint,    to   abolish   spasm   and    in- 
stilled Into  sound  eye  to  make  squint- 
ing eye  fix,  735,  761 
for  ulcers  and  wounds  of  cornea.  243. 

254.  289,  290 
for  wounds  of  eye.  331 
harmful  in  glaucoma,  09,  420 
harmful  sometimes  In  cyclitis.  416 
improper  use  of,  420 
improving  sight  in  central  opacities  of 

fens.  524 
intolerance  of,  59 
poisoning  by  Instillation  of,  58 
Autotoxis  causing  toxic  amblyopia,  594 
Axis  of  cylinders.  795 

how  indicated  in  prescriptions.  799 


Axis  of  eye,  frontal,  680 
sagittal,  680 
vertical,  680 


Hacillus  diphtheri«,  172 

Influenzs,  131 

Koch-Weeks*.  31.  131,  164 

Löffler's.  172 

Morax-Axenf eld's,  31,  131,  246 

Petifs.  131.  246 

pyocyaneus.  260 

subtilis,  34,  131 

xerosis,  30,  207 

Zur  Nedden's.  33.  240 
Bacteria,  how  acting  on  eye.  29 

of  conjunctival  sac.  .30,  .31 

of  conjunctivitis.  31 

of  corneal  ulcers,  245 

of  lids.  30 

toxin  action  of,  29 
liacterlum  coli.  131.   147 
Kand  of  light.  101 

Bandage     avoided     In     conjunctivitis     and 
trachoma.  1,34,  161,  183,  242 

causing  conjunctivitis.  136 

causing  entropion.  643 

causing  strabismus.  733 

causing  striate  opacity,  286 

pressure-,  various  uses  of,  52,  242.  244. 
24.5.  2t7.  312,  31«.  561,  884 

protective,    uses    of,    52.    142,    144,    175, 
242.    254.    l»63.    206.    282.    28<>.    290 
419,  423,  650.  652,  785,  767 
Bar  reading,  700.  747,  760 
Basedow's  disease.   7si 

causing  arterial  pulsation  in  tbe  retina. 
88 

causing  paralysis  of  eye  muscles.  722 

tarsorrhaphy  for.  943 
Bath,  hot-air  and  electric.  150 
Beaker  cells.  126 
Beer's  cataract  knife.  013 

cataract  needle.  00 1 

method  of  cataract  extraction,   913 

method  of  Iridectomy.  889 

operation  for  staphyloma.  310 
Bell's  phenomenon.  012 
Berger's  binocular  loupe,  73 
Bier's  hypera'mla.  55 
Bifocal  lenses.  709 

Binocular  diplopia,  et«-.,  see  Diplopia,  etc. 
Blackboard  for  testing  field  of  vision,  106 
Black-white  visual  substance.  603 
Blennorrhcpa  acuta.  130 

chronic.  140,  148.  165 

neonatorum.  140 

of  lachrymal  sac.  006 

subacute.  140 
Blepharitis  ciliaris.  028 

squamosa,  028.  033 

ulcerosa,  029,  033 
Blepharo-adenitis,  628 
Blepharochalasls.  627 
Blepharodlastasls.  650 
Blepharophimosls.  647.  940 
Blepharoplasty,  947 
Blepharospasm.  051 

canthoplasty  In.  940 

causing  blindness.  187 

causlner  (rdoma  of  lids,  186,  651 

essential,  651,  653 
hysterical.  «51,  652 
In  conjunctivitis  eczematosa,  187.  651 
interfering  with  examination  of  «je.  71 
produced  by  dazzling.  22 
senile,  651,  653 
symptomatic.  651.  653 
treatment.  187,  652,  653 
Blepharostat,  878 

Knapp*8,  933,  034 
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mincS^fr  für  rellof  of  diplopia.  711 
BUtidneüfl  Jifter  iilepharospasiii,  187 

bhie-y^lkw,  603,  604 

color,  41,  fiOO 

coFtIt'flÜ  *^75 

day  ,  fle<?  N-tCTALOPiA 

greea.  mm,  002 

how  cÄUflliiK  mydriasis.  432 

Oigblt-,  »Vii   llEMEBALOPIA 

red-green,  G03,  604 

slmululioQ  of,  116 

üfDow,  24 

uDllatfral,  f^lgnlfying  lesion  in  front  of 
diä;is)i].  nsO 

rloU'i.   <iiiii.   602 

withsiir   ;ipi>arent  cause.  5Ü6 
Blind  apoi,  Marlotte's,  111 
Hlood.  stniiilng  of  eye  with.  296,  333 
Blood  1  setting   In    eye  diseases,    55.    143,  322, 

417,  4a» 
Eloofl  vt^fSHi*lH.  i'lhary  system  of.  124,  364 

ronjiinetlvtil  system  of,  124 

new  form«  t  Ion  of.  in  cornea,  227 

of  cb<>rif>W1.  361,  364 

of  cUlrity  body,  356,  366 

of  cotiJum-tlFa,  124 

of  erabryoDic  eye,  378 

of  eye,  three  systems  of,  364 

of  trU.  34ft.  364 

of  UdB.   124 

of  optic  nr^nre,  573 

of  orbit  770 

of  retltja,  ri40 

of  arlera.  320 

of  UTea.  l\m 
B1I10.    dlmln5«h<*d   perception    of.    a    sign    of 
retloal  or  chorioldal  disease.  113 

BlllTOtono,    Si't^   f'OPPEB    SüLPHATB. 

Bl UP  yellow  blindness,  603,  604 

viKiinl  KMliKtance,  603 
nrthm's  met  hod  of  tenotomy,  924 
Bonnet 'b  capi^u]*>.  770,  927  ,     ^, 

dlflf^OTT-ry    of   principle    of   enucleation. 
I12T 
Boric  aijld  ointment.  130,  137,  289.  632 

flolijtkm,    137,   190 
Bowmon'a  membrane,  217 

method  of  dilating  lachrymal  strlcturea. 
669 

nietho*!  of  discission,  904 

sound»,  6T0,  671 

atop  needle.  901 

ttibf*«.  2SG  ,^ 

Brain    i|lP*'ftR('    causing   optic   neuritis,    588, 
586,  r^?7 

fftu.^tnE  n|itlc-nerve  atrophy,  587.  590 
Brlswffiu*»  discovery  of  true  seat  of  cataract, 

526 
Brorh'N  mombrnne.  352  ^^^ 

Brücke'»  porilon  of  ciliary  muscle,  356 
BÜdinger'H  method  of  blepharoplasty,  950 
nuUer's  Mhleld,  142 
Bundle.  rtocuBitatlng,  575,  578 

iion-d(^u3«iiting,  575.  578 

naplHo-tnflrular,  580.  581.  588 
I  readVIv   damaged   even   by  indirect 

Injuries.  7J)0 

posterior  longitudinal,  694,  696 
Buphthalmti«.   S44.  475 
Bnrnii  of  ronjiinctlva,  195 

of  cornen.  290 


Calmette'ii  method,  67 

Calomel.  ''K  ISZ  183.  186,  24B,  277 

CalJt  anlphurnta,  635 

Canni,    centml,   of   vitreous,   16,    878,   082. 

5S4 
Clofiuet'ji    (or   hyaloid),    16,   378,    582, 

584 


Canal  o 
opt 
Sch 

8Cl< 

Canalici 

abs 

con 

cys 

du[ 

kni 

occ 

silt 

strl 

Canalis 

hyi 

opt 

Cnndle 

Canthoi 

Canthui 

Capsule 

for 

of 

Tei 

Capsulo 
Capsulo 
Carboli< 
Carl)on_ 

mo 
Carcino 

also 

Cardinn 

Carnlvc 

Carotid 

pulsa 

Caruncl 

dls 

sin 

Cataphi 

Catarac 

abf 

aft 

am 

am 

aw 

an 

bla 

cal 

cai 

cai 

cei 

cei 

chi 

ch< 

ell 

coi 

i 

coi 

coi 

COI 

cyi 
de] 
dii 
dif 
dif 
dll 
dU 
die 
du 
du 
du 
du 
du 
du 
eti 
exi 
flu 
gl' 
KU 
gn 
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Cataract  hemeralopia  in,  502 

hint  or  j  of  operations  for.  912 

history   of   our   knowledge   concerning, 

525 
hypermature.  513,  515 
immature,  511 
incipient,  511.  514.  51  ß 
in  heterochromia  iridis,  528 
intumescent.  511.  514 
knife.  Beer's,  013 
knife.  Von  Gracfe's.  887.  888.  880,  890, 

894.  898.  899.  905.  906,  914 
lamellar,  506,  510.  511 
lenticular.  500 
mature.  512.  514 
membranous,  513 

membranous,  operations  for,  903,  906 
milky.  513 
Moncagnian.  513 
myopia  in.  502.  511.  516,  827 
naphthalinic,  519,  523 
needle,  901 
nuclear.  518 

nucleus  of,  how  measured,  516 
nyctalopia  in.  502 
objective  signs  of,  500 
operations  for.  524,  525,  900,  903.  904. 

906.  912 
partial,  504 
partial  stationary,  504 
pathological  anatomy  of,  502,  512.  513, 

514 
perinuclear.  506,  510 
polar.  504.  505.  509.  510 
posterior  central  capsular,  505 
posterior  cortical.  508.  509,  511 
posterior  polar.  505,  509 
prickers.  012 

progress  of,  507.  508,  511 
progressive.  511 
punctate,  506 
pyramidal.  505 
radii  of,  516 
reclination  of.  912 
recovery  of  sight  in.  spontaneous.  314, 

518 
rhachltic,  510 
ripe,  512 
ripening  of,  517 
ripening  of.  artificial.  916 
seat  of,  discovered  by  Brisseau,  526 
secondary,  911 
senile.  519.  522 
soft.  515 

soft,  operations  for.  900,  904 
spindle-shnped,  506 
stages  of.  511 
stationary.  504 
swelling.  511,  514 
symptoms  of.  501.  502 
toxic.  519,  .523 

traumatic.  ,"il7.  519,  523.  525 
treatment  of.  524 
tremulous.  514 
vision  In.  502 
zonular.    506 
Cataracta.  526 

accreta.  306,  520 
arida  sillnuata,  518 
cierulea.  517 
calcarea.  514 
capsulo-lentlcularls.  514 
complicata.  396.  521 
congenita.  519 
cortlcalls.  ,508 
cystica.  518 
dura.  515 
flulda.  513 
fuslformls.  506 
glaucomatosa.  473.  521 
gypsen.  514 
nypermatura.  513.  315 
Indpiens,  511,  514 


Cataract  in  oculo  glaucomatosa,  473 

intumescens,  311.  514 

lactea,  513 

matura,  512,  514 

membranacea,  513 

mollis,  515 

Morgagni.  513 

natans,  528 

nigra,  516.  517 

nuclearis,  518 

polaris  anterior,  504 

polaris  posterior,  505 

punctata,  506 

secundaria,  911 

secundaria  accreta,  912 

senilis,  519 

spuria,  502 

traumatica.  519 

tremula.  514 
Cataract  extraction.  524,  904 

accidents  in,  909 

appearance  of  eye  after,  910 

astigmatism  after.  911 

capsulotomy  in,  905,  906,  915 

collapse  of  eye  in,  909 

conjunctival  flap  in.  906,  914 

dislocation  of  lens  in,  909 

erythropsia  after,  23 

flap  operation  for,  906 

history  of.  912 

incision  in.  904.  906.  908,  918,  914 

Inflammation  after.  219 

instruments  for,  905 

iridectomy  in,  906,  908,  914.  915,  916 

iridocyclitis  after.  912,  914 

irrigation  of  anterior  chamber  in,  916 

linear.  904 

loss  of  vitreous  in.  909 

luminosity  of  pupil  after,  82 

methods,  various.  913 

modified,  914 

modified  linear,  914 

modified  simple,  907 

performed  when  sight  is  good  in  fellow 
eye.  525 

prolapse  of  vitreous  in,  909 

result  of.  909 

slmnle.  914 

simple  linear,  904 

suppuration  after,  912,  913 

toilet  of  eye  after,  907 

vision  after.  910 

with  the  capsule.  915 

with  and  without  Iridectomy.  908.  914, 
915 
Catarrh,  atropine.  26.  159,  139 

conjunctival,  acute.  127 

conjunctival,  chronic,  134 

follicular.  137 

pustular.  132 

spring  (or  vernal),  189 

vesicular.  132 
Catarrhus  siccus,  135 

senilis.  645 
Cntophorla.  742 
Catotro|)Ia.  742 

Cat's  eye.  amaurotic,  449,  564,  566 
Cafs-eye  pupil.  898 
Caustics.  Injuries  by.  195.  290 
Cauterization.   64.   193.   243,   245,  249,   254, 

270.  316.  318.  .561.  659 
Cavernous  slnns.   thrombosis  of,  627.  777 

tumor.  457.  6,'»9,  784 
Cellulitis  <>{  oHilt.  027.  775 
Centres,  associntlon.  684 

motor,  of  eye.  694 

subcortical  optic.  574 

visual.  574,  575 
Centrad.  796 
Cephaloreic  orbltie.  785 
Ceret>ellar  disease  causing  nystagmus.  766 
Chalazion.  6.36.  637 

clamp.  637 


INDEX. 


Ubauiber.    »*!t?    Anterior    Chamber.     I*os- 

TEOlOR    CllAMTISR 

Chiin<:re.   024 

Ch&ndler'ti  buttonhole  Iridectomy,  207 

Chartp  üHÜgmmlc,  851,  854 

Cb&ck  llgami^üts!,  680 

Cbemoaliä»  140 

Cb(^motflIlH,  256 

Chiasm,  S73,  575 

Ctitldr«*!!,  f?x0mlnatlon  of,  72 

frequently  of  hyperopia  in,  844 

Infrequeucy  of  corneal  ulcers   In,   245, 
2&& 

operations  In,  886 

repair  of  ulcers  in,  241 

wntered-ßilk  reflex  in,  88 
ChlamydosEOon,  164 
ChlomI  cauMing  toxic  amblyopia,  504 
Chloroma,  0T4,  787 
Choked  disk,  2ft.  50,  584,  586,  505 
Chol*>ra.  en  tn rain  in,  510,  522 
Chole^tf^rln  in  d^j^enerated  lenses,  504.  514 

In  vitreous,  535 
Chorlorapn Iuris.  362 
Chorlold,  S*  3&0 

nd  I'D  Dm  A  of,  457 

rtnutomy  of.  360 

un^oina  of^  457 

ttpp^^iirnucG  of.  with  ophthalmoscope,  80 

n trophy  of.  436,  430,  442,  485 

card  noma  of,  457 

envtrnftus  iitiffloma  of.  457 

fhan^c^'K  fjf.  In  glaucoma,  485 

changes  of,  In  myopia.  430,  442,  451 
S2fi.  m:i 

cotoboma  of.  458 

coQgeTiltal  anomalies  of,  444,  458,  461 

dstncbtnetJt  of.  451 

dlaeofipa  of,  436 

endotholioma  of,  457 

fiiBctlons  or  8,  10 

InllAmmatton  of.  436 

lea<!«-Harüotna  of.  455 

melano-fljircoma  of,  453 

IM?rltbelloma  of,  457 

rupture  of,  452 

Barcoinn  of,  453 

taberculosls  of,  37.  430.  457 

tiUEtor«  of,  453 

TCNUielB  or  9.  80.  361,  364 
ChoHoldal  crescent,  01 

rltig,  84 
Chorloldhla,  436 

ana  torn  teal  changes  In,  451 

anterior,  280,  442 

areolaris,   430 

eauMn^  cataract,  430 

causing  gliincoma,  403 

centra  ÜB,  440 

dlfTua**,  442 

diRfir'miniiNi.  440 

embolic,  405,   448 

f  ludativa,  436 

focal.  440 
n  parenchymatous  keratitis.  280 

Metaraornbopsla  in.  114,  437 

inelftsiatit,  405,  448 

noD-mippTirfttlva,  436 

pnrub'TTit  415 

scrofiilmifl,    130 

senile,  440 

»erouH.  4K2 

supptinHlvn,  445,  440 

sympathetic,  414 

HjpblUtk,  430,  442 

treatment  of,  430 

tuberculous,  430 
Chorio  retinitis,  540 
Cbromtttophores.  363,  364 
Cbromntopftla.  50 
Chrom  let  roa  Is,  f*27 
Cicatrix,  ectatlc,  of  cornea,  235,  239 

of  coraea,  clearing  of,  241 

of  operntlou  wounds,  rupture  of,  879 


ricatrlxH 

Cilia.  61 

blan 

rem( 

Ciliary  a 

bodj 


inje< 
mus< 


nerv 

neut 

proc 

stap 

syst« 

vein 

zone 

Cillo-retl 

ClUum  f 

Circle  of 

Circulus 

arte: 

Circumpc 

Clearing 

Cleft,  fel 

Clinomet 

Cloquet's 

Cocaine, 

effec 

for 

tl« 
for  < 
for  ( 
for  < 
for 

pl 

Inju 

prod 

tb 

prod 

prod 

37 

prod 

reini 

fu 

42 

Cod-liver 

Cold  caui 

caus 

caus 

Cold  app 

525.  9( 

Cold  cref 

Col  lapsus 

CollyrluB 

Horj 

Itom 

Colobonu 

of  li 


of  II 
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of  n 
Color  bll 


INDEX. 


961 


Color    blindness,    Importance    of    reroinilK- 
Ing.  113.  004 

in  atrophy  of  optic  nerve.  501 

tests  for.  118.  604 
complementary,  608 
confusion,  602 
rontrary.  003 
field.  113 

importance  of  testlnx,  113 

reversal  of,  582.  607 
perception,   importance  of,   in    railroad 
and  marine  service.  604.  «M>G 

theories  of.  600,  003 
scotoma.  113 

diafrnostlc  Importance  of,  li:*> 
sense,  104 

absence  of.  600 

limits  of  field  for.  113 

tests  of.  105,  11,3.  604 

weakness  of,  600 
values.  603 
Columbian  spirits,  poisoning  by.  .V.»ii 
Commissure,  external.  610 
Commotio  retinie.  .'»OO 
Compensation  for  injuries.  840 
Compositors'  myopia.  836 
Confrontation  method  of  testing  visual  field. 

105 
Confusion  colors.  602 
Congenital  amblyopia.  597 
anisometropia.  862 
anomalies  of  chorloid.  444.  4r.8,  401 

of  conjunctiva,  209.  212 

of  cornea.  292.  303.  804 

of  eve.  39 

of  Iris.  414.  427.  433.  461 

of  lachrynml  passages,  660.  «I7ri 

of   lens.    .'»04.    505,   507.    519.    521. 
524.  529 

of  lid».  461.  650.  654.  655.  «00 

of  muscles  of  eye.  718,  722.  723 

of  optic  disk  and  nerve.  92.  400 

of  orbit.  7«'^  784.  785,  780 

of  retina.  400.  461.  543.  566 

of  sclera.  344 

of  vitreous.  534 
astigmatism.  851 
cataract.  504.  50.^  519.  521.  .'*24 
color  blindness,  41.  600 
dscryocystitis.  075 
dislocations  of  lens.  529 
glaucoma.  475 
hemeralopla.  557 
iritis.  414 

microphthaimus.  401 
paralvses.  e."4.  0,'»5.  718.  "22.  71»;». 
ptosis.  054.  055 

tumors.  40.  209.  212.  7«:t.  784.  785,  780 
Conjugate  deviation.  721.  70:i.  704 
paralvsi«.  700    721.  763.  704 
spn^m.  721    763,  704 
Conjunctiva.  121 

acne  rosacea  of.  187 
adenoid  character  jf.  121 
amyloid  degeneration  of   191 
anatomy  of.  121 
angioma  of.  213 
bacteria  In.  30.  31 
blood-vessels  of,   124 
bnlbi.  122 
burns  of.  195 

cIcatrlcoM   of.   after  bums   and    cauter- 
ization. 195 

after  conjunctivitis,  140.   148.  178 

In  trachoma,  ll^o.  167 
congenital  anomalioH  of,  209.  212 
cornea»,   124 
croup  of.  170.  177 
cvllndroma.   215 
cysts  of.  212 
dermoid  of.  209.  211 
diphtheria  of.  172 


Conjunctiva,    diaeases    of,    121 
divisions  of,  121 
ecchymoses  of.  207,  209 
emphysema  of.  209 
epithelioma  of.  210,  218 
examination  of.  72 
exanthemata  of,  187 
fibroma  of,  215 

follicles  in.  137.  188.  170.  171 
foreign  bodies  of,  194 
fornlcls.  121 
fornix  of.  121 
glanders  of.  194 

granulations    of,     in    diphtherial    con* 
juncUvitis.  173 

In  various  diseases.  171 

trachomatous.  150.  165 
granulation  tumor  of.  213 
hemangioma  of,  213 
herpes  iris  of.  177 
histology  of.  121.  124.  120 
hyaline  degeneration  of,  191 
ichthyosis  of,  188 
infection  of.  31 

Inflammation  of.  see  Conjunctivitis 
injuries  of.  194 
lepra  of.  188 
limbus  of.  124 
lipoma  of.  211 
lithiasis  of.  637 
lupus  of.  188.  193 
lymphangiectasle  of.  209 
lymphangioma  of,  215 
myxoma  of.  215 
Uflpvl  of.  214 
OHlema  of.  207.  208 
of  eyeball.  122 
of  fornix.  121 
of  lids,  121.    120 
of  retrotarsus.  122 
^  of  sclera,   124 

of  tarsus.  121.  120 
osteoma  of.  211  / 

palpebral.  121.  120   / 
papillarv  condition  ^f,  120,  105 
papilloma  of.  212  / 
pemphigus  of.  187/ 
pigment  moles  of,  214 
polypi  of.  212 
sarcoma  of.  210.  213 
scarification  of.  146 
sclene.  124 

small-pox  pustules  of.  187 
sporotrichosis  of.  194 
svphllis  of.  188.  194 
tarsi.  121 
teratoma  of,  211 
transplantation  of.  249.  292 
tuberculosis  of.  185.  188.  192 
tumors  of.  200 
ulcers  of.  192.  194 
wounds  of.  195 
xerosis  of,  156.  102.  205 
Conjunctivitis  mstlvalls,  189 
angularis.  130 
catarrhaHs  acuta.  127 
catarrhalis  chronica.  134 

caused  by  acne  rosacea.  187.  246 

atropine.  20.  159.  189,  171 

bacteria.  31.  131 

caterpillar  hairs,  27.  171.  196 

chrysarobin,  27 

diphtheria.   172 

electric  and  solar  light,  24 

eyestrain.  1.36 

foreign  bodies.  171 

gonorrhopa,  139.  146 

hay  fever.  27.  131 

herpes  iris.  177 

Irritant  liquids  and  vapors,  176. 196 

lachrymal  diseases,  136 

measles.  187 
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Coajiiöetlvitis    catarrhalls    chronica,    plant 
halrs,  27.  171,  196 
Bt-ntfula.  177,  184 
ßmüllpox,  187 
mniliffht.  24 
thnish.  177 
vaginitis,  145 
vlHHted  air,  135 
otiFonlf.  134.  177 
cTuposn,  176,  177 
r11n*?niäsirt  of.  from  Iritis.  390 
fHphilitHca,   172 
efitematosa,  177,  184 
ppiilpmli',  129 
ex  acne  rosacea,  246 
f^xaotb^'matlca.  177,  187 
(ollJrtilArts.  137 

rclHition  of,  to  trachoma,  170 
gonorrTidlca.  139,  146,  941 
granulosa,  365 
tnfoHioris,  of  Parinaud,  171 
lyin|>niMlca,  177,  184 
iniTii^riiiiacea,  176,  177 
Hirijisrjstlc,  in  gonorrhoea,  144 
päi  Hilft  lid's,  171 
pftrinnins.  192 
phlyet^iiulosa,  177,  184 
pöHtnlosa,  132,  177,  184 
ftcrofulosa.  177,   184 
slmplejc.  131 
trnrliofiiatosa,  148 
traiirantic,  196 
tuberonlous,  185,  188,  192 
variolous,  187 
Ti^rnfiUfl,  189 
Coua^fQKUfil  reaction  of  pupils,  76,  369 
Tonfacf  ^In^^es,  858 
rontractJon  furrows  of  iris,  353 
Contracttirc^   In    paralysis   and   squint.    707, 

708,  725 
Conas.  90.  442 
ConTiTppnoj.  684.  692,  701 
ari]I>lltnde  of,  701 
uiinmnllis  of,  750 
excps»,   727,  750,  752 
*xc«Rölyo,  as  a  cause  of  myopia,  837 
far-point.  701 

InHiimtlf-ncy,  727,  750,  754,  755,  760 
lat<*iif,  727 

rapasij  r>  ment  of,  701,  743,  748.  749 
nporpoint.  701,  748,  749 
nt»i?iitivi\  701 
pnrrtlTHirt,  755 
reaction  of  pupil,  369 
relation  of.  to  accommodation,  701 
(»pnsm  of.  752,  763 
ConvTilsion}*  causing  cataract.  510.  523 
TopioplR  by-itorlrn.  (»01» 
Copp<?r  aliimlnated.  137 
ritnit<\  58.  159 

HUtE.hHi-,  05.  ^'^H.  1-18.   158,  159.  250 
Coquilk'  gUjf^sea.  795,  796 
Corectüpiü,  434 
Corolyds,  421 
Corncfi.  216 

nb^ceai?  of.  260 
annular,  260 
posterior.  258 
abBfMice  of  protective  substances  In.  5 
affections    of.    In    catarrhal    con.iuncti- 
128.  132,  135 
In  illphtherla.  247 
in   i^zematous   conjunctivitis,   179, 

246,  285,  298 
In   irlaucoma,    249.    269.    300.    304, 

470.   473.  477.   484 
tn    Ronorrhcenl   conjunctivitis,   141, 
145,  247 
affect ioD 3  of,  In  herpes  zoster.  248 
in  irido-cy cutis,  285.  398 
in  trachoma,  151,  160,  247 
anatomy  of,  216 


Cornea,  a: 
atrop 
blood 
burns 
calca: 
centr 
28S 
chan{ 


clinic 
cloud 
47: 
collai 
conge 
conju 
conju 
contu 
corpu 
corro 
curet 
curva 

degec 
depoF 
desic< 
devel 
difTuE 
dlseai 
divlsl 
dystr 
ectas! 
erosU 
event 
exam 
facet 
flbroi 
filtra 
fistui 
flatte 
foreU 
herpe 
herpc 
Inf  eel 
inflat 
Injur 

lattlc 

layer 

lead 

lime 

macu 

marg 

melai 

myxo 

nerve 

nodul 

non-v 

nubec 

nutrl 

cedem 

opacl 

opaqi 

papli: 

parac 

1 

perfo 
phlyc 
physl 
phthi 
pigm« 
pollsl 
preci] 
press 
ruptu 
sarco 
scars 
sclerf 
scrap 
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rnea,  scrofulous  !niiltrates  of,  2Br% 

«eriüe  marglnnl  atropliy  of,  2f*5 

sensitlvr^n^ss  of,  ext  ri» ine.  4 

BeDBitlvi'QesH  of,   how   T(^«t*^il,   224 

flhape  of,  216 

slse  of,  210 

«olntiond  of  contlniiltv  in.  '2SH 

EUining  of,  with  hlood  pUmoiit,  296 

fitapbjrloma  of,  «ot>  Stai^htlojia 

«trlatf'  opacity  of,  285 

stroma  of«  217 

»tnictur«»  of,  217 

«Dturitig  of.  2i>2 

tattoolnft  of,  an2.  ftOS.  818.  805 

tempt^ralure  of»  0 

thlnotDR  of.  ill  keratoconus,  818 

trftöHpnrpncy  of^  4.  223 

tranaplnntation  of,  305,  313 

ttimorB  of,  310 

ulcer  of,  «ee  Tlcer  (Cornbal) 

uveal  |H>rtlon  of,  210 

vn^^culaHsEaelon  of.  6,  227,  274.  280 

Teslcles  of,  268 

wniiticlH  of,  288,  292 

wrlnkllDg  of,  222 

xrroHiB  of,  204,  267 

zooiilnr  ojiarffy  of.  293 
Corn  el  tin,  «ee  Kkratitis 

»crofiilosa.  280 
CoraiKvsülera.  Z 
rororm  clliiirK  Sßß 
Corpus  vitreum,  532 
Corpusclea,  corneal,  218 
Coryza  prortiidiiif  clirorilc  dncryocystitln.  «68 

prmluctne  cptpliora,  ^78 
Couching.  912 

Crrib's  eyo   Inserterl  into  the  «»ye,   196 
Crec]»Vs   method   of   prophylaxla  of  Ophthal- 

mla  ncotintomm,  147 
Cresceßt.  90,  442 

choHoklal,  91 

distraction.  442 

Inferior.  444 

scleral,  90 

?iipertrnctfon,  442 
Croup  ami  diphtheria,  relation«  of,  176 
CroupooB  coiijtinctlvitiH,  170.  177 

form  of  diphtherift,  172 
CruBta  lac  ten.  022 
Cryptoplilhalmus,  661 
Crypts  of  the  Ids,  350,  352 
Cryütaliltie  body  or  leti».  se<*  Lens  I  Cuystal- 

8iw<^ntug  of  Soemmering.  Oio 
CulgnefM  disieovery  of  retirioHitipy.  07 

tests  for  flimolatlon,  IKi 
Curetting  of  cornea,  2ftl,  289,  295,  301 
Culaneoy» disease«  causl im ctm.I urn  1 1 vlii:^,  187 

dlaeaaea  of  lid  a.  619 

horns  on  HdN,  m9 
CyanoDiria,  50 

CycUtlc  bull    ^or  memhrane).   304,   400 
Cyclltln.  382.  387 

coarse  and  temilnjition  of,  392 

diagnosi«^  of,  from  Iritis.  389 

etiology  of,  400 

wimpK'    .'mf> 

Ireatment  of.  416 
Cyclodialysis,  4in 
Cyclopean  ey«-.  697,  698 
Cyclop  legi  a,  864 
Cyclopleglcs.  864 

«nd  the  cttr fetation  of  refra*'tlv€'  errora, 
859 
Cylindrical   lenses.  795,  7fi<> 

prescription  of.  Son.  860 
Cylindroma,  215,  67-1.  787 
Cyats,  anterlor-chatnlfpr,  426»  428 

of  conjunctiva,  212 

of  iHs.  425,  427 

of  lids,  461.  0r>9 

of  orbJt,  T83>  785 


Cystteerrue.  212,  429,  ,V^6,  563*  786.  889 

C^Btltome.  orCi,  915 

Cjatold  cicatrteaUofl.  208.  329 


naae*li  li«|  i»r  color  bltndops«,  605 
DaciTü-Atatras«  674 

l»acryoeyHtltli!.  acute,   625,  673.   677.  776 

catnrrhalia.  666 

chronic.  606,  675 

cffugenllal.  67'*  , 

phlegmonosa,  673 
Dae r y o cy s t o -tile iino rr ticea .   666 
IineryucyHtorhinostomy,  677 
Dacryops,   674 
DaJioulsm,  600 

Darknesa,  absolute  not  rc<2Ulred  after  opera- 
tions, 51 
Bavlel's  discovery  of  the  method  of  cataract 
ejct  Faction .  913 

scoop.  882,  887,  905,  907,  016 
Duzsling,  cause  of.  22 

producing  blepharoapajtm  and   pain,  22 

pro  during  erythropsla,  23 
DecompresHlou,  cerebral,  586 
necussatlon  of  the  optic  nerve.  575.  578 
I>egeneraUon,  glaucomatous,  470.  473 

of  cntaractou«  lenses.  504,  514,  518 

of  corneal  opacities,  303 

of  eye,  38 

pigmentary,  of  retina,  554 
f>plirium  after  eye  operation.  51.  885 
Deroodcx  folllculorum.  634 
l»ei>osItH  on  cornea,  526.  912 
r>epresKlo  cataractii\  526.  912 
Depremsbm  of  cataract,  52G.  012 

of  eye,  how  efffcted,  680,  6.^3,  691 
Depressors,    left  hand    and    Hghtlmnd,    601, 

717 
Depth,  perception  of.  how  affected  In  squint, 

730 
Dcrmatlti«    herpetiroroiliR    cnu*»lng    r<»njnnc- 

tivltls,  188 
Dermoid  cysts,  650.  783.   7S5 

tumors  of  conjunctiva  and  cornea,  209. 
211 
Descemetltis,  see  CrcUTia.  Biupuk 
Descemettwele,  236 
Descemet "s  membrane,  219 

roeinhrfine.   laceration   of,  from   strelcJj- 
Ing,  318,  319 
Desmarre's  clamp.  934 

elevator   (or  lid  retractor»,  72 
Development  of  the  eye,  376 
Deviation,  comilnnt,  743,  75o,  751,  754,  759 

conjugate,  72K  703,  704 

contlnufOjH.  743,  751 

iJlfTerentlatlon  of  different  kinds.  750 

Insuperable,  j^ee  STnAniHMrä 

noncomitant,  742,  7.>0,  75 1.  753,  759 

periodic.  743.  750,  752,  755.  756.  758 

primary  anil  secondary,  in  concomitant 
»qulot,  731 

prlmnry    aud    secondary.    In    paralytic 
squint.   703,  7<>4.   714,  720 

prima  rj'     a  ad     secondary,     Iti     spastic 
squint,  724 

screen,  7?0.   730,  741,   7*8 

superable.    Bee   HeteRöpHOKIa 

vurleliis  i>f.   7  J 'J 
DeVIucentllH'  nperatiun  for  glaiieoma.  491 
lieWeckur'H  «apwular  advanceniput,  925 

me  I  bod  of  iidvancement.  921 

method  of  irldolomy.  890 

method  <if  «elerotomv.  SS8 

operation  for  »taphyhima.  311 

opeiatloti   ft*r  tricbiiitilR.  938 

8cl8sc»rs  forcep«,  889.  891,  809,  1HJ4 
Diabetic  cataract,  519,  522 

MUfl,  400 
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Exostosis  eburnea,  787 

Exotropia,  742.  753 

Expression  of  trachoma,  150 

Extern!,  insuflSciency  of.  see  Esophobia 

Externus,  see  Rectus,  External 

Extirpatio  bulbi,  027 

Extorsion.  681 

Extract io  cataract»,  004 

Extraction   of  cataract,   see   Cataract  Ex- 
traction 
of  dislocated  lens.  530.  531 

Exudate,      chorioldal,     distinguished     from 
atrophic  spots,  430 

f;elatinous.  in  anterior  chamber,  300 
nto  anterior  chamber,  383,  387,  308 
into  posterior  chamt>er,  385,  388,  400 
into  vitreous,  388,  400.  533 
lenticular     (or     spongy)     in     anterior 
chamber,  300 
Eye,  and  skull,  comparison  of,  25 
artificial.  020,  031 

atrophy  of.  320,  305.  402,  406,  420.  471 
axes  of,  680 
blood-vessels  of,  364 
cleansing  of,  before  operations,  871,  883 
coats  of,  3 
collapse  of,  884 
congenital  defects  of.  30 
contusion  of.  566,  780,  865 
Cyclopean.  607,  608 
degeneration  in,  38 
development  of.  376 
dislocation  of.  771,  778 
disturbances  of  motility  of.  670 
ectasia  of.  see  Staphyloma 
elongation  of,  in  myopia,  820,  832 
embryology  of,  376 
enucleation  of,  see  Enucleation 
essential  nature  of.  3 
evisceration  of.  440,  031 
exciting,  404,  411 
examination  of,  71 
excursions  of,  how  measured.  602 
exenteration  of,  440,  031 
extirpation  of.  027 
fibrous  coat  of,  3 
filtration  In.  7 

foreign  bodies  in,  320,  332,  336 
function  of,  how  tested,  104 
hemorrhage  from,  332,  878 
Incisions  In,  874.  880 
injuries    of,    253,    326,    331,    332,    337. 

340,  308,  780 
luxation  of.  771,  778 
lymph  passages  of,  14 
moistening  of.  how  effected.  665 
movements  of.  see  Movbmexts 
muscles  of.  670 
nutrition  of.  5.  6.  8,  10,  11 
objective  examination  of.  71 
operations  upon,  871.  887 
optical  properties  of,  701.  801 
pathology  of,  21 
perforation  of.  326.  308 
phthisis  of.  403,  406.  410,  447 
physiology  of,  3 
position  of.  in  orbit,  771 
reduced,  801 
refraction  of.  801 
rupture  of.  201.  327,  333 
Bchematlc.  801 
senile  changes  in,  38 
shape  of,  in  bypermetropia.  844 
shape  of.  in  myopia.  820 
87miMithiKing7404,  411 
temperature  of,  effect  of  hot  and  cold 

applications  on,  63 
toilet  of.  In  cataract  extraction.  007 
tnmon  of.  causing  glaucoma.  402 
" of,    necessfta" 


dtatlDg    enucleation. 


Eye,  wounds  of,  326 

Fiyestones  inserted  into  the  eye,  196 

Eye  water,  see  Collyrium 


Facet  of  cornea,  235,  297 

Falling  bodies,  Bering's  test  with,  700,  739 

Falx,  461 

Far  point,  813 

absolute,  810 
determination  of,  816 
In  bypermetropia,  813.  8S8 
In  myopia,  824 
of  convei^ence,  701 
relative,  810 
virtual,  838 
Far  sight.  838 
Fascia  bulbi,  670.  770 

of  ocular  muscles,  680,  688,  770 
of  orbit,  680.  770 
of  Tenon.  670 
tarso-orbl talis.  616,  770 
Fasciculus,  vascular.  179.  186,  297 
Fatigue  (or  exhaustion)  field.  607 
Fergus's  trephining  for  glaucoma,  888 
Fetal  ocular  cleft  (or  fissure),  377 
Fever  In  eye  diseases,  43 
Fibroma.  310,  505 
Fibrous  coat  of  eye.  3 
Field  of  binocular  fixation.  747 
of  binocular  single  vision,  748 
of  (monocular)  fixation.  693.  094.  747 
of  vision,  185 

binocular,  570 

contraction  of.  Ill,   112,  555.  582. 

501.  502,  607 
determination  of,  105.  890.  895 
diagnostic  importance  of.  for  local- 
izing brain  lesions,  580 
effect  of  strychnine  on.  64 
extent  of.  100 

fatigue  (or  exhaustion).  607 
for  colors,  113 

for  colors,  reversed,  582,  607 
In  detachment  of  retina.  559.  564 
In  glaucoma,  464,  467.  474 
In  hysteria,  607 
in  optic-nerve  atrophy,  591 
in  optic  neuritis,  582 
in  retinitis  pigmentosa,  555 
in  strabismus,  739 
necessity   of   determining    as   pre- 
liminary to  iridectomy  and  cata- 
ract extraction.  890,  895 
oscillating.  607 
pathological  alterations  of.  111.  sec 

also   Scotoma   and    Hemiopia 
projection  of.  107 
reversed,  582.  607 
sector-shaped  defects  in,   112 
sieve-like.  112 
tubular.  607 
Fllarla  in  eye.  536 

Flllx  mas  causing  toxic  amblyopia,  592 
Filtration  In  eye.  7 
(Bdema.  208 
scar.  489 
Fissure,  fetal  ocular,  377,  460 

palpebral.  610 
Fistula,  capillary  of,  678 

lachrymal,  673,  674,  678 
of  cornea,  240.  245.  250.  893 
Fixation.  104,  685 
binocular,  685 

tests  of.  743 
development  of.  762 
eccentric.  In  strabismus.  732 
field  of.  693.  604 
binocular,  747 


^^^^^H           1 

^^RStlwl   forceps,   874 

^^H 

monociirmv  um 

test«  of.  743 

^^^^^H 

teats.  144                             ^ 

(tall lard* j<  «titurr  for  entropion,  043                         ^H 

Flap,  coojunctlvwl,  292.  S74,  t»ßG.  MI 4 

i^alllcin,  o8.    13  7                                                                 ■ 

^            extmctloo  of  catümet,  5)06 

<Jalvanoc»iu(»'rif.  or».   tl»3,  243.  245.  270,  C5«           H 

^L           Ini'iHK^H,  875 

Gangrene  of  lids,  023,  027                                              H 

^P           mntU'  fmm  «^)ir.  l);5D 

GayetH  uperatlon  for  trtchlnsla,  030                       ^M 

^           m*ii'pe(l!iuUu%  tH8 

Gerofitoxon  curm^se.   210                                               ^M 

pediculale  (*jr  slkllu^U  tH7 
FlttTfTs  oiHTutlou  fur  iru-hlaHls.  9r{^ 

leotls,  r»l7                                                                 ^M 

Gtfford'«(    «iymptotu    to     Ilaseüow'a    lilsease.          ^1 

FluoreHceln   In   dlaffnasl»  of  corneal    u 

Icera, 

781.  783                                                                         ■ 

7,  2a  1 

QUlet  de  UrandmouFs  operation  for  ptosis.          ^1 

FtK'ftI   dlstnmiN   principal,  7Ö4 

e&i                                                               H 

|]lumi«iatlou,  73 

Glaclerburn.  24                                                        ^^^| 

FutUH.   priut-lpal,   WS 

Glands,  Henle'^,  127                                              ^^H 

Krauset«.  121,  tJ02                                          ^^^H 

virtual,  Tl^rS 

lachrymal,  062,  0U4                                        ^^^1 

Fold,  covering,  Oil 

Mefbomlan.  010                                              ^^^H 

rprrotarsal,  122 

Moll's,  014                                                        ^^H 

s^  mil  Uli  Ar,  124 

7^tSH-K.   014                                                                    ^^^1 

FolllcIi'K  Iij  c ntijimctlva.   137 

Glandula  lacrlmitllH,  662                                       ^^^^M 

Foiikiilar  ratjirrli,  137 

Glaaüejs,  703                                                                 ^^^H 

Forumeu  «clerip,  507 

biconcave,  705                                                   ^^^H 

Forcep.  ciip«ulc.  OUG,  90Ü,  iHTt 

biconvex,  79o                                                       ^^^H 

clMirm   HiT  L'ptlntLoon  o;{2 

bifocai,  790                                                           ^^H 

H,            llxatlon.  874 

centering  of.  Important,  4^,  790                ^^^H 

■           1r1»,  mi 

collection,  703                                               ^^H 

^^^^   Friuce  a.  010 

coroblnatloa  of.  800,  853                             ^^^H 

^^^^  roller.  159 

coocftTe,  T&3                                                   ^^^H 

^^^■«tlsHcirs  .  HH'.K   Hltl.   Him,  (H)4 

contact,  858                                                   ^^^H 

^^^KstrablMmiis.  Oil» 

eoQTez.  793                                                       ^^^^H 

tniühotun.  159 

co^ullle.  705,  796                                              ^^^H 

Foreign  IkkHcm  Iti  thr  eonjunctlvii.  ll>4 

cylindrical,  705,  700.  853,  860                   ^^^1 

In   rhf  cora*ra,  280 

dlHperHlng,  703                                                   ^^^^1 

^L                  In  tin'  iwt'.  :i21».  M32.  Xin 

etfint    of,    bow    voryinir   with   distance         ^H 

^H                 In  tbc  vitreous.  534 

from  eye,  798                                                     ^H 

^r                  magiK^t  for,  :i:i9 

euphos.  25                                                                       ^H 

Holerototuy  for.  »81» 

for  anl^metropla.  862                                           ^1 

Foretjfnliody  hook.  287 

for  aphakia.  911                                                         ■ 

FnrplgiilKHly  needle,  287 

for  nMnirmnUum,  851.  853,  S5fi,  800                 H 

Form  H<?nHo.  W4 

for  byr>ermetrciplu,  how  pn$Bcrlt>ed.  845,           ^M 

Fornix  *'tnijuiicllvie,  121,  122 

801                                                                        ■ 

^  Fnrstir'iH    operation    for    rlpentni?    eatarac^t. 

for  keratoconuii,  317                                                 ^H 

■ 

for  tnyopef«,   rulefl  griveralng  their   pre-          ^H 

H           perimeter.  107 

MiTlpllon.  831,  801                                              ^1 

^B          pbotometer«  ll'i 

for  oi>adtie«  f>f  the  cornea,  301,  790                 ^M 

^■Fossil  glatidijla'  lacrimalis,  002 

for  paraJy^i»^  of  accomuiodnthin,  805                  ^M 

V          patellarls.  rj32 

for  pretibyopla.  822                                                  ^M 

^            Hard  UN'rImalls.  062 

for  »rrabtHmUH,  735.  700,  8ai                       ^^H 

Fourth  n>*rve.  ?*ee  Trochlear  XKiivii 

FranlEMn,  799                                                 ^^^1 

Fov.a  ceatralLs,  8l>.  537,  630 

In  dislocation  of  leu».  530                         ^^^H 

Fux')4  taiplaattttlon  Into  Teuwii"»  capsule 

.  tt31 

krjptok,  799                                                 ^^H 

Fraclnre  of  »ktill  cnufiing  ecchyniosls  of  11  da. 

uieaHiirement  of,  707                                       ^^^^H 

608 

menlscui^.  705,  799                                           ^^^^H 

^m                 eauHlng  optle  nerve  atrophy.  5C 

fri 

minus.  704                                                          ^^^^1 

^B                 cau^htg   paralyKl»   of    eye    ifuiHcles, 

nnmborlng  of,  704,  796                                 ^^^^1 

^P                      72a 

opaiiue.  In  diplopia,  711                               ^^^^1 

of  hones  of  orbit.  780 

perlacopic.  705                                                  ^^^M 

Franklin  tflaüHes*.  7lHi 

planoconcave  and  pht  no  convex,  795               ^H 

Frlcke's  blepharopla»ty,  947 

ptu«,  794                                                                     H 

Frühllrh'H  nietbofl  uf  mitcioing.  305 

pre.-^criblng  of.  rnle»  foj\  800                                 ^M 

Frunlal    Nlnu».   dliatatluii    ami   Inflaniniatlon 

prlKmntlc,   70ti                                                              ^H 

of.  7H7 

prlHmatlc  effect  of.  w1i*'0  deceiitred,  7U9    __^M 

Fuchs'R  tnethnd  of  tarsorrhaphy,  IMl 

protective,  24,  51,  52,   144,  796                    ^^^1 

wire  inawk  for  op^Mn linns,  872 

. 

rev»'r!<lng.  100                                                  ^^^H 

Functional  t»'*ttlnir,  104 

smoked.  25.  51,  790                                          ^^^M 

Fundtia  ocull.  appearanre  of.  with  oplitbal- 

fiphcrlcal.  795                                                   ^^^H 

rao^eope.   h:    ir2 

fthmopiPle,  3CH,  317.  700                               ^^^H 

coloration  of.  89 

Rtrfoglh  of.  bow  determhi4H[l.  Tt>7               ^^^^H 

exnminntlon  of.   83 

tliiH>ry  of,  793                                                     ^^^H 

mrasununi'nl     of     «h-preaaloD» 

and 

tinted,  25,  51,  700                                                ^^H 

^_                       prnjectiona  of,  102 

tortc.  705,  790                                                    ^^H 

^^                    h^HSi<llul<d,    80     4J't 

Glaucoma,  403.  400                                                  ^^^H 

^^H                vlnlbh^    from    a    dlslamo    in 

high 

absoiutum.  470                                                ^^^H 

^M                      nmrti'Mplri.  \Hn 

aecomiDodation  red  need  In,  471                   ^^^H 

^Bfungl  cnuKfiig  keratitis.  0,  2ß9 

acute,  467                                                       ^^^H 

^KFunnel,  oiu»4cular,  670 

anatoroy  of.  484,  493                                    ^^H 

^"           va«ruliir,  sr».  ."»71 

aqueous  in,  472,  484    403                                 ^^^M 

Fiirxmrle  of  ltd.  «23,  02o 

attack  of,  408.  472.  481                                 ^^^1 

FuHlon  of  double  Imago»,  700 

alropine  la,  banefu*  aetlon  of,  473              ^^^H 

^           fa<Hiltv    for   t**Qdt'ncyK    700,    72Ö. 

758, 

<^taract  In,  473,  5 'i                                     ^^^H 

H              700 

rmi!^  of  Increase  of  tenatoti  in,  470          ^^^^1 

4 
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Olanconia,   cau^  <}f  m^-driasls   in,   478 
ehorlotd  lu.  485 
dÜatr  bCMly  In,  483.  485 
corti^ril    ploiidlncss    In,    468,    469,    472. 

477.  484 
eürneül  üej^ene ration  In.  470,  473 
f!orneal  ulc>r  In,  249.  473 
couJ-Be  of,  'im.  473 
fUagoosiö  ot  Ü90,  472.  476 
due  to  Intraocular  tumors,  453,  455 
eDudeatlcin  In,  489,  493 
eaerlDP  In,  472.  473.  480 
ptlolocy  of,  471,  475.  492 
evolutbn,  468 

eieavatlon  ot  optic  nerve  In,  463,  465 
tluM  of  rlatnn  in.  464.  467,  474 
frequency  of,  465 
fulmliiftiiH.    17  1 

ijcmorrlifii^o  after  iridectomy  In,  490 
hemorrliiipio,  492,  493    494,  888 
liJatory    of   our    knowledge    concernlnK- 

4G5 
Importance  of  diagnosis  of,  465 
Joftfimmatoritim  acutum.  467 
JnilaTujTMitoHutJi  chronicum.  471 
Inflnmnmlory,    its    relations    t» 

coma  alraplex,  476 
iridectomy  io,  486.  490,  491.  893.  898 
ids,  chanj^f^s  of,  in,  477.  483.  484 
leos  111.  483 
mfllienum,  4SS 
medldnal  treatment  of.  489 
umt\^  iti,  la  472,  473.  489 
mji1rlülii*H  111.  19.  47:*    •^.'.  4i»» 
(fdfrau  of  roriiea  and  iris  In,  304,  477, 

484 
of  diUiJiiiuKl,  475 
ojM  rations  fr.r.  48«.  4K9.  490.  491,  493. 

888,  Sm,  898 
ophtlifllmoiicoplc    appearances    In,    463. 

46G 
ontl^  nervo  In,  463,  465,  470.  474,  475, 

optteo-clllary   neurotomy  In,  932 

pnlu  m,  44.  409,  471,  472,  478 

parBicentesifli  la.  465 

patlio't^gScnl  anatomy  of,  484,  498 

pllocarplno  in.  472,  489 

predlepimltion  to,  480 

primary^  4 03.  467 

prmirnmni  stitüo  of,  44,  467 

pn-i^Tiopi^  of,  'ISO.  488 

pulsHtlou  of  retinal  vessels  in.  88,  466 

liupi!  hi,  im.  4<i9.  470.  473.  474,  478 

rdntloTi-i  of.  to  hypermetropia  and  my- 
opia, 472.  475.  480 

nclerectomy  In,  888,  897.  89S 

scrPTOtoraj  In.  489.  888,  889 

scrolomata  in.  467 

B<v'ondnr,v.  463.  491 

tlmpl<*x.  474 

eflirftoj  of  iridectomy  in,  487,  491 
Ita  rHatlmiH  to  inflammatory  glau- 

coui«,  476 
Bclprotomy  in,  888,  889 

ffUg03  of.  467 

sympathectomy  In,  18 


symptoms  of.  464,  467,  474 
tneorles  o 


i  of.  47 fl 
treatment    of.   18,   486,   493,   887,   888, 

SSD,  893,  898 
trcpbiiihig  of  sclera  for,  888 
vlsuftl  ncnity  Id,  464.  467,  474,  478 
Glioma,  Q64,  595 
Gonococous,  M.  130,  146,  177 
Gonorrb"T?fll  conJunctivitlB  (or  ophthalmia). 
139.  144,  146 
Iritia,  400 
Gout  eau^tuff  evp  diseases,  409,  465,  588 
Griflfe     (Alfred),     method     of     performing 
eviBceratlon  of  eye,  931 
ti^st  for  fitmulfitlon,  117 


Graft,  der 
epldei 
Thler 

Graminol, 

Granular  < 
form 
lids.  I 

Granulatic 

ritl 

of    c< 

dl8< 

trach< 

Granulatic 

Granuloma 

Grattage. 

Graves's  d 

Green  blln 

catarf 

dlmln 

optl 

Gruening'fi 

925 
Gu^rin   th 

924 
Gumma  ol 
430 
of  lid 
Guthrie's 
260 


Haab's  cot 
magne 
Habitus  gli 
Iliemangioi 
Htemopnth 
Hair  folllc 
n 

ti 

Halo  glauc 

Hand  used 

Hasner's  v 

Hay  fever. 

Hendacho. 

Head-noddl 

liead-tlltin 

Healing  af 

after  < 

of  con 

Heat,  applj 

causin, 

effect  < 

Heine*8  eye 

HcLsrath's 

Helmholtz'i 

darb 

dlscov« 

invent! 

ophtbfl 

theory 

theory 

Hemeralop' 

congen 

Idiopat 

in  cats 

in  rotl 

Hemlanoplf 

Ilemicrania 

Hemlopla.  I 

Hemlopic  p 

scotom 

Hemorrhag 

expulsi 

ex  vaci 

In  orbi 

into   a: 

423. 

into  re 

into  vl 

lntra-o< 
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llomorrbage,   intra-ocular,   from   sudden   re- 
duction of  tension  in  operations. 
400.  878 
from  perforation  of  cornea,  240 
in  glaucoma,  400.  877 

prorotinal  and  f«iibh.vaIoid.  ^4.*» 
Hemorrhagic  glaucoma,  402,  403.  404.  888 

retinitis,  551 
Henle's  glands.  127 

Herbert's  operation  for  glaucoma,  808 
Heredity.  40.  41.  556 
Hering's  test  with  falling  bodies.  700.   730 

theory  of  color  perception.  603 

theory  of  projection  and  space  percep- 
tion, 607  K        K-      I- 
Hernia  cerebri,  785 

of  iria.  8<»o   Ikis,  Prolapsk  ov 
Herpes  conjnnctiyip,  177,  184 

come»   febrllls    (febrilis  cornce).   248, 
•jns 

corne«  zoster  (zoster  corncie),  248,  260 

febrilis.  610 

Iris  of  conjunctiva.  177 

zoster  causing  Iritis.  414.  623 

zoster  causing  keratitis  profunda.  282 

zoster  causing  paralyses  of  eye  muscles. 
623 

zoster  of  lids.  610.  622 

zoster  ophthalmicus.  260.  622 
Iless's  operntlon   for  ptosis.  052 

test-typos.  804 
Heterochromin  Iridis.  .354.  523 
ITeterophorln.  726.  742 

differentiation   of.   from  squint,   744 

operation  for,  720.  761.  023 

symptoms  of.  45.  750 

treatment  of.  728.  760 
Heterotronia.  742 
Heurtelonp's  artlflclnl  leech,  55 
nimly's  operation  for  Symblepharon,  204 
Hippel's  corneal  trephine,  305 
HIppus.  4,33 

nirschberg's  magnet.  .3.30 
Histology,  see  Micuoscopic  Anatomy 
History  of  cataract  operation,  012 

of  our  knowledge  about  cataract,  525 

of  our  knowledge  about  glaucoma,  465 

of  our  knowIe<lge  at>out  trachoma.  162 
Holmgren's  worsted  test  for  color  blindness. 

605 
Holocalne.  20,  61 
Homatroplne.  50.  370.  375 

for  determining  the  refraction.  60.  850 

producing  glaucoma.  50,  473 
Honey  cysts  of  orbit,  785 
Hook,  foreign -body,  287 

iris.  801,  804 

Relslnger's,  000 

sharp,  for  capsulotomy.  005 

squint.  017.  010 
Tyrrel's.  801.  804,  005 
Hordeolum,  Hordeolus,  625,  634 

externum.  634 

Internum.  635 

meibomlanum.  635 

zelssianum.  6.34 
Horner's  muscle.  617 
Horns  on  lids.  650 
Horst's  eye  water.  137 
Hot  applications.  .54.  174,  243.  254,  266.  276, 

282.  ,322.  417 
Hotz's  operation.  036.  038.  030.  044 
Humor,  aqueous,  see  AQiEora 

vitreous,  see  Vitreous 
Hutchinson's  discovery  of  nature  of  paren- 
chymatous keratitis.  281 
teeth.  276 
Hyaline  degeneration  of  conjunctiva.  101 

of  corneal  opacities,  303 
Hyalitis.  403.  535 
Hyaloid  artery.  378.  532.  534 

artery,  persistence  of,  506,  534 


Hyaloid  canal.   16,  378,  532,  534 
liydrorcpliHiUH  causing  optic  neuritis,  587 
Hydrogen  peroxide,  633 
Hydrodlascope.  858 
Hydrophthalmus.  40,  344,  475,  401 

enucleation  for,  030 

Iridectomy  in.  401 

sclerotomy  for,  888 
Hydrops  sacci  lacrimalis,  668 

vaginffi  nervi  optici,  584 
Hygienic  treatment  in  eye  diseases,  51-53. 

130,  162,  183.  417,  430,  832 
Hyoscyamlne.  370 
Hyperemia,  Hler's,  55 
Hypermetropia,  838 

absolute,  843 

axial,  842 

causes  of,  561,  842,  010 

ciliary  muscle  In,  834 

concealment  of,  by  accommodation,  840 

confounded    formerly    with    presbyopia. 

correction  of,  by  convex  lens,  06,  840. 
845,  861 

determination  of.  06.  00.  838 

developing  in  old  age,  842 

eyeball  in.  844 

facultative,  843 

far  point  in,  813.  838 

fundus  visible  from  distance  in,  102 

high  degrees  of.  845 

latent.  841 

lenticular.  842 

manifest,  841 

produced  by  cataract  extraction,  010 

produced  by  detachment  of  retina,  561 

producing  asthenopia,  844 

producing   convergent   squint    and    eso- 
phoria,  728.  733.  737 

producing  early  presbyopia,  844 

refractive,  842 

region  of  accommodation  In,   847 

relation  of,  to  glaucoma.  472,  480 

relative.  843 

relief  of.  by  glas.sc8  as  a  cure  for  con- 
vergent strabismus.  735,  760 

simulating  myopia.  847 

symptoms  of.  842.  843 

total,  841 

treatment.  845 

typical.  842 
Hypernephroma.  431 
Hyperphoria.  7.30.  742.  758 

operations  for.  761,  023 
Hypertony.  10 

Hypertrophie  p^rlkeratlque.  100 
Hypertropla.  <38.  742 
Hypha'ma.  327.  .383,  423 
Hypochyma.  526 

Hypopyon.    220.    231.    251.    258.    200.    26 K 
265.  383 

keratitis,  2.50 
Hypotony.  10.  404 
Hypotropla.  738.  742 
Hysterical  amblyopia.  .341,  607 

asthenopia.  .341.  600 

blepharospasm.  651,  652 

convulsions  causing  cataract.  523 

limitations  of  field.  607 

paralysis,  723 

spasm  of  ocular  muscles,  763 

I 
Ice.  application  of.  53 
Ichthargan.  133 
Ichthyol.  52.  184.  100.  632 
Ichthyosis  of  conjunctiva.  188 
Idiocy,  amaurotic  family,  30,  554 
Illacrlmatlo.  666 
Illumination,  direct.  03 

focal.  74 

lateral   (or  oblique).  73 
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Image,  apparent  (or  false),  687 
real  (of  a  lens).  793 
real  (or  true),  In  diplopia,  687 
reflex  of  Purklnje-Sanson,  76 
retinal,  size  of,  802 
true.  687 

virtual    (of  a  lens),  793 
Immersion  method  of  using  argyrol,  133 
Immunization,  active  and  passive,  65 

against  abrin  and  dionin,  27 
Inch  system  of  numbering  lenses,  796 
Incision  for  keratoconus,  318,  319 
for  staphyloma,  310,  312 
Guthrie's  or  Saemisch's,  for  ulcus  ser- 
pens, 254,  260 
Incisions,  varieties  and  shapes  of,  874.  880 
varieties    in    cataract    operation,    904, 

906,  908,  913,  914 
varieties  In  iridectomy,  889,  894 
Indemnity  for  accidents.  340 
Indirect  method  of  ophthalmoscopy.  80,  97 

vision,  104 
Infarcts  of  Meibomian  glands,  637 
Infection,    ectogenous.    and    endogenous,    29 
et  seq.,  37,  398,  405,  447 
in  gonorrhceal  conjunctivitis,  144,  14.*» 
late.  33 
primary,  33 
secondary,  33 
Infiltration  ring.  256 
Inflammation  after  operations.  880 
of  chorioid,  see  Chorioiditis 
of  ciliary  body,  see  Cyclitis 
of  conjunctiva,  see  Conjinctivitis 
of  cornea,  see  Keratitis.  Ulcer  (Cor- 
neal) and  Ulcus  Serpens 
of  iris,  see  Iritis 
of  lids,  see  Blepharitis 
of  optic  nerve,  see  Optic  Neuritis 
of  orbit,  see  Orbit,  Cellulitis  of 
of  retina,  see  Ubtinitis 
of  sclera,  see  Scleritis 
of  uvea,    see    Iritis,     Iridio-cyclitis. 

and  Chorioiditis 
pathology    of.    illustrated    by    the    mor- 
bid anatomy  of  keratitis,  229.  255 
Influenza,  producing  conjunctivitis,  131 
producing  keratitis,  269 
producing  iritis,  414 
producing  optic  neuritis.  588 
producing  orbital  cellulitis,  775 
producing  paralysis  of  accommodation, 

865 
producing  paralysis  of  eye  muscles.  722 
producing  purulent  chorioiditis.  449 
producing  tenonitis,  778 
Injection,  ciliary,  125 
circumcorneal.  125 
conjunctival.  125 
Injuries  of  chorioid,  781 
of  ciliary  body,  425 
of  conjunctiva,  194.  781 
of  cornea.  253,  286,  781 
of  eye,  326 

compensation  for.  340 

enucleation  for,  331 

frequency  of.  337 

how  aflTectlng  earning  power.  341 

perforating,  326 

perforating,  anatomical  changes  in, 

332,  398 
slight,    causing    destructive    ulcus 

serpens,  253 
summary  of,  780 
of  iris.  421,  781 
of  lens.  511.  519.  523.  529.  781 
of  lids.  650.  780 
of  optic  nerve.  588,  781 
of  orbit.  778.  780 
of  retina.  566.  781 
of  sclera.  326.  781 
Inoculation  keratitis.  255 


Insanity  after  eye  operations,  51 
Instillations  in  the  eye,  57 
Instruments  for  advancement,  919 

for  cataract  extraction,  905 

for  discission,  901 

for  ectropion  and  entropion  operations. 
934 

for  enucleation,  919 

for  examining  eye,   20,   73,    74,  77,  TV 
100,  108,  109,  115,  338 

for  extraction  of    foreign    bodlem    2^7 
339 

for  iridectomy  and  iridotomy,  Ä91 

for  keeping  eye  open  and  in  place.  874 

for  lachrymal  stricture,  671 

for  operations  on  lens.  9<>1,  905 

for  operations  on  lids,  934 

for  operations  on  muscles.  919 

for  parencen  teals,  901 

for  squint  operations,  919 

for  tenotomy,  919 

for  trichiasis  operations,  934 

sterilization  of.  871,  881 
Insufficiency  of  externi,  see  Ksophoeia 

of  interni,  727 

of  ocular  muscles,  see  Uktebophobia 

vertical,  see  Htpebphokia 
Intermarglnai  strip,  611 
Interni,  insufficiency  of,  727 
Internus,  see  Uectus,  Internal 
Interpalpebral  spot.  124 

zone,  618 
Intervaginal  space,  16,  572 
Intestinal  auto-toxls  causing  eye  disease.  27 
Intorsion,  681 

Intracranial  tension,  increase  of,  47,  49 
Intra -ocular  pressure,  16 
Invaginations,    lateral,    of    ocular    muscle». 

680 
Invasion-ring,  230 

Inverted  image,  determination  of  refraction 
with,  97 
examination  with.  80 
parallactic  displacement  with.  103 
Iodides  and  iodine.  183.  277.  324,  333.  41K. 
439,  557,  660,  585.  591,  593,  710.  774 

causing  toxic  amblyopia.  594 
Iodine  applied  to  eye,  250,  270,  277 
Iodoform,  58.  19.S,  243,  249,  254.  289 

causing  optic  neuritis,  588 

causing  toxic  amblyopia,  594 
Iridectomy,  889 

accidents  In,  424.  490.  894 

astigmatism  after,  895 

buttonhole,  907 

causes  of  failure  in.  894.  895 

contraindications  of.  892 

difficulties  in  performance  of.  486.  4'.«0 

erythropsla  after.  23 

for  corneal  opacities.  301.  318,  890.  89.'> 

for  dislocation  of  lens,  530.  531 

for  ectatlc  prolapse  of  iris,   245,  312 

for  fistula  of  cornea,  245,  893 

for  foreign  bodies  of  iris.  894 

for  glaucoma.  486.  490.  493.  893.  898 

for  hydrophtnalmus,  490 

for  irido-choriolditis.  421 

for  iritis,  418.  421.  893 

for  keratectasia,  316,  893 

for  keratitis  vesiculosa,  270 

for  occlusio  pupille.  890 

for  optical  purposes,  301,  890.  895 

for  ripening  a  cataract,  916 

for  scleritis,  324 

for  seclusio  pupillie.  420.  421 

for  staphyloma  of  cornea,  312,  313.  S9^ 

for  staphyloma  of  sclera,  346 

for  stationary  cataracts.  505,  508,  890 

for  total  posterior  synechia,  420 

for  tumors  of  iris,  426 

forceps.  891 

hemorrhage  after,  in  glaucoma.  490 
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liKIeütfimy,  how  pnnTntlny  prolnu«e  of  iria 

Iris,  pnpul^fl  ot  4t>7,  4 IS,  430 

In    oijeradnna.    884 

|w*url  rystj»  of.  427 

how  r*:'<lut'ltjg  reonloii,  488 

perforation  of,  425 

ID   nituract   extraction,   »a«,   Uil8. 

014. 

[►i<«f.nld.  307 

t»ir» 

pktfUM-nt  layer  of,  352 
prulniJHe  of,  237.  875 

tti  Rubhixntion  of  lims,   530 

Inclkntlons  fnr,  Hi»0 

tungtHixln  of.  876 

Injurlos  f>f  Iris  «nd  lens  in,  40ü 

c'Vll  conft^-quence»  of,  877 

InHlmtnent»  for,  mi 

how  nvrrtcd  by  1rld«*ctomy.  884 

Irtrttxlliilyfil«  in.  424 
opfiml.  890,  805 

modi>  of  occurrence   in   operations, 

870,    882 

perfoimocl  with  Gntofe  ktilfe,  804 

treatment  of,  244,  877,  8S3 

(>erf<friii*^iJ  wirb  lanee,  88» 

protrusion  nf,  In  Irilln,  394.  307 

prelimUiary  to  cataract  extraction. 

894, 

rcpoHitlon    of.    In    operation»,    necessity 

Oltl 

of.  875 

t>rf*lap»e  of  vitrt-ous  In,  895 

Fütlnnl  pigment  layer  of,  352 

rtKluc-ttun  In  »tUtat  after.  4&0 

■arroma  of.  42ti,  430 

sc'lsHorB,  afil 

sphincter  of.  352.  308 

t»Khnlfiu*>  of.  894 

stroma  of.  350 

Irldorptnln,  434 

ayph1ll!4  of,  407,  413,  430 

tr«timatlra,  423 

Iran  «fix  Ion  of,  800 

Irldrt  (liorloimtii.  43« 

tuberculosis  of,  37.  411,  420,  42f».  430 

obronlc,  303,  4KJ,  451 

tumora  of.  425,  804 

puriilentü    (or  supDuratlvtil.  4n;i. 

44n 

rltllieo  of.  307 
Iriti»,  Irldo  rycUtlü.  382 

IrldocyrUtl»,  «:•«»  Iritis 

IrldodtfllyHlN,  421.  424.  4211 

after  iMicratlonM  on  eye,  880 
anatomical  finding«  tn.  308 

in  tridectomy,  424 

»pofiianoous,  307 

«trophy  of  !rl«  In.  304.  39(1.  399 
eau^lnjir  i?  tau  com».  389 

Iddodnn^^tii.  340,  354.  527 

IrlfloplP^Ja.  BbiHihite  (or  total)*  3T5 

chronic.  393,  400 

ppflex,  375 

condyJomatoHR.  413 

1rld«itfjinj,  420.  80S 

congenital.  414 

fUtra-oinilar   <or  preeorncal  K  80J) 

courwc  and  termination  of.  392 

• 

Instrumimts  for,  891 

dlahetlcn,  4iH» 

Irl«.  8.  34t> 

dlftKnosU  of,  380.  39(1 

abs<»f»ce  of,  434 

due  tn  acute  conjunctlirltia,  128 

nun  torny  of,  349 

acute  Infectious  dlaeaaea.  400,  414 

atroTihJ  of.  In  frl»ncoma,  485 

arthritis,  409 

atrophy  of.  In  irUis.  394,  396 

general  rtlHCBÄca.  407,  414 

chiinKe«  or  III  Klatirnma,  477,  464 

Klfturoma.  471 

lolobum«  of.  3Ö2,   423.  434,  433,  46] 

kernt  in«.   220,   2.^»1.  2ei,  269,  274. 

^H 

color  of,  352,  354 

278 

^H 

hi)W  thanglDff,  20D.  354 

|o*M|   cause«.   411 

^H 

condvlnmafa  of,  407.  413 

int'Tfthillc  dlHorderi«,  409 

^H 

in>uf?i^nltiil  fianmalleei  of,  414,  427, 

43a. 

I>erfoniHnu  InjnrleR.  320.  330 

^^1 

4411 

Ufinomii  oif  rhorlold,  456 

^^1 

contrnetlivn  furrow»  of.  ^'%*i 

Hilcrltl«,  323 

^^^^^M 

crypts  cjf.  350,   352 

etlolopv   of.   406 

^^^^M 

eyüfB  of,  42Ö.  427,  804 

Pfonorrholca,  400 

^^^^^M 

devftlopmont  of.  378,  381 

(foury.  4«>0 

^^^^M 

fllxfase»  of.  :iH2 

fTummosa.  407.  413 
Irldettomy  In.  418.  803 

^^^^^M 

dlw^irdpr^  of  motility  of.  431 

^^^^^M 

elawticiry  of.  9 

kern  litis  In.  285,  308 

^^^^^1 

exnminnllon  of.  75 

leocjemlr.  430 

^^^^^1 

forceps.  80] 

morbid  anatomy  of,  398 

^^^^1 

foreign  tMHllpa  of.  804 

myopia  In.  300 

^^^^^1 

function  of,  3H8 

nofiular,  430 

^^^^^1 

papuktsa.  407.  413 

^^^^^1 

^ranulattoD  tumor  (grantilomnl  of 

420. 

pla^^Mr.  403 

^^^^^1 

430 

primary.  40f;.  407 

^^^^^1 

great   clrrlp  of.  3B4,  365 

piinih-nt,  400 

^^^^^1 

eumnm  of,  407,  413,  430 

horntn  of,  at^o  I«i«.  1*ii*>lapsk  ok 

rerurn-nt.  Iridectomy  in,  893 

^^^^H 

recurrent   nnt   deiM»ntlent   ujKm  preacnc«» 

^H 

bntt^rMrhrnmla  of,  354,  523 

of  Mynt-chlii*^,  303 

^^^^H 

hook,  8JI1.  894 

recnrrftiu   with    mciiatruatloD,   414 

^^^^^B 

hypora»mln  of.  382 

rhenmatica.  4<»0 

^^^^^1 

!n*'nree ration  of.  In  corn#>al  Bears, 

207 

«crofulo.'^a,  400 

^^^^^H 

Incarceration  of.  In  operation   woutida. 

secondary,  4 00,  413 

^^^^^1 

87.". 

sequelae  of.  3rM 

^^^^^1 

Intliiramntlon  of.  aec  I&iTia 

serous.  390 

^^^^^1 

Intlnmttiatory   oMlciua   of,    In   iriaucomo, 

sponiry.  300 

^^^^1 

477 

»ympathlca.  404,  411.  414,  410.  421 

^^^^^1 

Injurk»«  of.  421.  781 

ay mp torn«  of.  380 

^^^^^1 

iQTc^rslou  of,    423 

aypbllitlc.  407.  413,  430 

^^^^H' 

lepra  ot  VAl 

tension  of  eye  In,  380,  300,  301 

^^^^H' 

ro<*lnnomw  of.  430 

traumatica,  411,   412.  418 

^^^^H 

nipv!  of,  :i.-3 

treatment   of,   416 

^^^^^1 

Dodnlailon  of.  In  l^^ticipmla  amt  pacudo- 

tuberculosa.  400.  42«^ 

^^^^^1 

lmicfl?mla,  430 

Irrigation  of  eye.  after  operations,  016 

^^^^^1 

oKicma  of.  In  dlal>^tr»H.  522 

Irritation,  sympathetic   411 

^^^^1 

ci^dcma  of,  Iti  glauconta,  477 

Itrol.  133 

1 

1 

1 
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Jacobuon'M    mctbad    of   cataract   extraction, 
914 
operaUoo  for  trletilasis,  030 
JneBche-Arlt's  operation  for  trichiasis,  035, 

03S 
Jäger'«  liorü  plate,  933,  034 

test  trpea,  805.  807 
JftTai    a.nü    Bcblüi3*a    ophthalmometer,    354, 

aS5 
Jaw-«Flokit]g,  605 
J«<iulrlt.v  Ophthalmia,  27,  172 

tri^atmeiit  of  iianous,  161,  172 
Julc«  caQaliti  7 

K 

Kelutg's  treat mtitit  for  trachoma.  160 
Eeratectaala,  31SJ 

e  pHUDO,  ITiG,  BW 

ei  ulcere,  235,  fil5 
Keratitis,  224 

hullosa.  2  as 

ceutmJl^i  amiu Iuris.  270 

eompltcaUoiJH  of.  220 

deep,  in  IHdo-tyditls,  285 

di^Qilrttica.  24n,  250 

diagnosis  of,  227,  230 

dlffiifla.  272 

dladfnrmlü.  2M1 

ecjsemalous,  lS"i 

g  la^gphrhfiliiici.  ijOl.  26G 

fasdciimrlii,  247 

ff<rar.  304 

til  a  meü  toiler.   27 1 

from  moil  Id  tfmK\,  6,  250 

IftfUf^ral  feature£  of,  224 

how  produriMl  by  Infection,  255 

hf  i>opyoQ',  250 

ImpUratltm   of   other    parts   of   oyo   In, 
iSfi.  2ri0,  2*n,  260,  274,  278,  2S0 

iQoculatlon.  25 r* 

lutcrHtltitiilB.  272 

marKirmlf»  profunda,  285 

mari^lriall^  aiiporficialis.  248 

morbid  anatomy  of.  220,  280.  2r>7.  277 

neuroparalyHca,  265,  266 

non-sijfiT»urHtlv*\  225,  233,  268 

oysilifr  shiRkiTK',  253 

part^Tirbyrnatopa.  272,  324 

pan^ncbymntoaa  circumscripta,  282 

perlphpra)  furrowing,  205 

pblycteDrjlar,   see   Conjunctivitis    Ec- 

KVfATOSA 

pott-Tacdnolos»,  260 
primary,  32 
profunda,  272.  SS2 
punctata  profiindB.  280 
punctata  superficialis.  271 
punctata  syph  Jilt  tea,  280 
rh^uronllca.  282 
renp*»r«\  25B 
(^elerof^lnir,  2flS 
scrofuJoufi,  2R1,  28."i 
!«^condary.  32 

weqiteHfratlöp  cicatricial.  24J» 
fl|i«'l aging  from  pr>8terlor  surface  of  cor- 
nea.  2Ä4 
arngea  of.  224 
atellHta.  243 
HtHpeil,   »ee   Opacity   of  thk   Corxba, 

STßlATK 

HubdtvlMloTi^  of.  232 

ftuppuratlTp\  2  Ha.  232.  233 

ajrtTiTifoina   of   (a#?e  also   the   varieties), 

üypiiiltrir,  264.  275 
syphnmca.  2^1 
trnumiitle,  252,  282 
rarlolouB,  253 

iaflcularlÄatloB  of  cornea  in,  227,  274. 
2m 
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Lachrymal  sac,   trachoma  of,   075 
tuberculosis  of,  675 
secretion,  see  Teabu 
souDds,  070.  671 
HyrlDKe,  667,  669 
Lachrymation,  absence  of,  678 

excosslvo,  678 
Lactation    associated    with    otitic    nearitis. 

588.  504 
r^cus  lacrimalis,  666 
Lagopbthalmus.  648 

tarsorrhaphy  for,  042 
I^grange's  sclerectomy,  888 

sclerectomy  with  iridectomy,  897,  898 
lamina  basalls,  363 
crlbrosa.  567,  568 
elastica  anterior,  217 
elastica  posterior.  217 
vltrea  of  chorioid,  363 
vitroa  of  ciliary  body,  356 
Lance  Icnife.  801 

for  cataract  extraction,  904,  913 
for  iridectomy,  880 
for  linear  extraction,  004 
for  paracentesis.  887 
Landolt's    advocacy    of    advnnroniont,    922. 
024 
operation  for  trichiasis,  9:^9 
ophthalmo-dynamometcr.  701 
test -typos,  805 
Lanolin.   632 

Lantern  tests  for  color  sense,  605 
I^pides   cancrorum,   196 
Lapis  divinus,  137 
Largln,  133 
lAshes,  see  Cilia 
Load  acetate,  134.  137.  138 
Incrustation,  134,  201 
producinK 'amblyopia.  504 
nystagmus,  766 
optic  neuritis.  585.  504 
paralysis.  722 
Lol>er*s  disease.  41 
Leech,  artindal.  55 
Ijeeches,  see  Rix>oi)LEttino 
I^emon    Juice    in   diphtherial    conjunctivitis. 

174 
I-^ns,  see  (Jlasses 

Lens    (crvstalline).  anatomy  of,  406 
capsule,  496.  407 

after  cataract  extraction.  010 
discission  of.  after  extraction,  903 
«»xtractlon  of,  with  lens,  015 
opening  of,  in  cataract  extraction, 
005.  015 
changes     in.     producing     astigmatism. 
851,  852 
producing  hypermetropia,  842 
produclnp  myopia.  82 1 
changes  of  position  of.  526 
changes  of  shape  in  aci-ommodatlon.  811 
congenital  anomalies  of.  .'i(>4.  505.  507, 

519.  521.  524.  529 
cortex  of,  496 
deposits.  392 
development  of.  376.  499 
dislocation  of.  240,   492.  494,   526,   528, 
909 
artificial.  912 
examination  of.  74,  76 
expulsion    of.    In    cataract    extraction. 

907 
tibers,  498 
fluorescence  of.  23 
function  of.  11.  500 
growth  of,  continuing  through  life,  49f> 
histology  of,  497 

inflammation  of,  not  existing,  504 
injuries  of,  511.  510,  623,  529,  781 

causing  glaucoma,  492.  494 
luxation  of,  240.  492.  494.  526.  528.  9(>9 
nucleus  of.  496.  515.  516 


Lens,  nutrition  of,  bow  effected,   11 

opacities  of,  see  Cataract 

operations  on,  524.  525.  900,  003,  004, 
006,  012 

ossification  of  (apparent),  400 

physiology  of,  ll 

removal  of,  see  Cataract  ExTRAcrioif 
and  Discission 

sclerosis  of,  406 

sectors,  400 

star.  408.  409 

subluxation  of,  526 

supplemental.  814 

swelling  of.  in  traumatic  cataract  and 
discission.  519,  902 

vesicle,  370 
I^nticonus,  531 
Leontlasis  ossea,  77(> 
I^pra  of  conjunctiva,  188 

of  iris,  431 
Leuc«>mic  Iritis.  430 

retinitis,  661 

tumors  of  orbit,  787 
r^eucoma  adhierens,  238 
Leuco-sarcoma  of  chorioid,  455 
Levator  palpebral  superioris,  614 

paralysis  of,  654 
IJce  causing  eye  trouble.  184,  634 
Lid  clamp,  933,  034 

reaction  of  pupil,  875 

retractors,  71,  873 

specula,  873 
Lids,  abscess  of,  623 

adenoma  of,  660 

anatomy  of,  610 

angioma  of,  650 
«angioneurotic  cedema  of,  626 

anomalies   of   position    and    connection 
of,  630 

anthrax  pustule  of.  623,  625 

atheroma  of,  650 

bacteria  of,  30 

blood-vessels  of,  618 

carcinoma  of,  650,  660 

causing  infection  in  operation.s.  871 

cavernous  tumors  of,  (>50 

chancre  of,  624 

«'losure  of,  how  effected,  612 

c(»1oboma  of.  06o 

congenital   anomalie.s  of.  461,  650,  654, 
6 '»5.  (WJO 

cysts  of,  461,  650 

(iermoUl  cysts  of.  659 

development  of.  381 

diseases  of.  610 

diseases  of  glands  of,  034 

diseases  of  muscles  of,  651 

distortion  of,  in  trachoma.  154 

dystrophy  of  skin  of,  627 

e<*chymoses  of,  658 

eczema  of.  621,  626 

elephantiasis  of,  628 

«»mphysema  of,  657,  779 

t'uchondroma  of,  660 

epithelioma  of.  659,  660 

erysipelas  of.  619.  626 

e vers» on  of.  72,  630 

examination  of.  71 

exanthemata  of,  619 

fibroma  of,  660 

fibrous  molluscum  of.  659 

furuncle  of.  623,  625 

gangrene  of.  623,  627 

glands  of,  614,  616 
diseases  of,  634 

granular,  see  Trachoma 

gumma  of,  624 

herpes  febril  Is  of,  619 

herpes  zoster  of.  619.  622 

horns  of,  650 

hyperiemla  of  border  of.  628 

inflammation  of  borders  of.  628 
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LldA,  lnflammui:ion  of  skin  of.  619 

löjurt«»«  of,  656 

IJpoma.  060 

luiiuft  of,  *I24 

lymphjiDErtoma  of.  660 

lymphoniQ  of,  660 

lymph  vüsKels  of,  618 

mallffDaDt  pustule  of,  623.  62o 

ml]  him  of.  659 

moUurtcum  eontacriosum  of,  658 

moUusciim  simplex  of.  659 

mortlfttütlon  of.  623,  627 

movenK^ntst  of,  611 

musclps  at  612,  614,  617 

myxoma  of.  660 

narrowness  of,  650 

necrosis  of,  623   627 

npuro  Hbroma  or,  plexiform,  660 

it^demn  üf,  625 

ormratLutis  on,  933  et  seq. 

liblo»ruioii<»us  Inflammation  of,  623 

phthlrlttt^!^^  of,  634 

rodent  uloer  of.  660 

Btircoma  of.  659 

acrofulouB  ulcers  of,  624 

aeborrhcjprt  of.  633 

spAj^m  of.  see  Blephabospasm 

upllttfngof.  In  operations.  617,  934 

Mfcosin  of*  633 

ttyphllltU-  ulcers  of,  624 

telanflleotusls  of.  659 

tFlchophytIa  of,  633 

tu  tie  rcu  tons  ulcers  of,  624 

tumor  cavernosus  of,  659 

tumor»  of.  658 

ttlcpr«  of.  624,  660 

viif  rtnf*  ul'ers  of,  624 

wartH  of,  659 

xao!hs-hii<imi   (or  xanthoma)  of.  658 
Liglinf^nt.  rim  thai,  612.  614,  617 

paliirUraL    external    and    Internal.    612, 

014.  mi 

«uap^TiFory,  of  lens,  496 
lilgainentum    t-anthi    (or   pnlpebrale)    exter- 
num  lor  laterale),  614 
cnothl     (or    palpebrale)     Internum     (or 

mt^lfllpp.  612.  617 
pectlnauim.  14,  357,  360 

In  glaucoma.  14.  485.  494 
auBpensorlum  lentis,  496 
Light,  ftrtlon  of.  In  producing  conjunctivitis 
and  retinitis,  22-24 
compU'tc  exclusion  of,  after  operations 

unofiN^Hwary    51 
pi?r(*-ptlon,  failure  of,  an  Indication  for 
enucleation    In    traumatic    irido- 
orlltls,  401 
falUiFi^  of,  an  Indication  of  retinal 

suppuration,  401 
how  tested,  890.  895 
reAtumtlon  of.  after  apparent  loss, 

401 
retnlrii'd  In  uncomplicated  opacities 
of  taedia.  892 
rpactltm  «.f  pupil,  75,  368,  373 
9iC*0Kt%    104,   115 
Light iiinii?  iH using  cataract,  25 

CBUKing  ntitlc  neuritis  and  atrophy.  588 
Llmhu»  lonjiiiii  tlvse.  124 
Lime  ineni-KtH-irion.  291 

Injurlt^H  fp>m.  195,  291 
Lipo-d<?rmokl.   :^12 
Lipfima  nf  llrl^,  660 

siihionjurH  tlvale.  211 
LlppluLOtt  m  Irrigator.  916 
Llqii^ir  Mtirjiiiiiui,  .503 
Lithin.HlH  ciiiijimctivffi,  637 
Liihogriipbi*is>'  myopia.  836 
Llvor  rllm'iVHp  euusing  chorioiditis.  442 

CRUMltig  I'urneal  ulcers.  249 
r^caURÄtlrtP  of  foreign  bodies  in  eye,  339 


Local!: 
of 
Löffler 
Ix)op, 
r^oupe, 
Lumba 
Lumin 
Lungs, 
oper 
Lupus 
of 
Lusciti 
LuxatI 
bi 
Lympt 
Lympt 
Lympt 
Lympb 
Lympb 
Lympb 
Lymph 
Lympb 
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Mi'nlngltlg   resulting   fium   piitui|»iithiiriiilil»i, 

M**riinKOff'I<»  of  orbU,  7Ä6 
if<'tilriK*»r'>ccu>t,   i:n,  177 

MfiiHtnititJori  a«sot'int(»cI  wltli   Iritln,  41-1 

aj«9Kclnt^  with  optir  tii«itrlt1n,  r»SK,  r>f»4 
Mercury,  ammo  qI  At  od,   sei-   Wiutk  Pwsicirj- 

TATE    OlNTMKNT 

^a«    absorbent    and    iinMnvi>hlUf!r,    J77, 
417.    418.   TtTtT.    Tto    774,    J^ÖÖ 
bti'hlorldt«.  »eo  St^BurUATE 
Intrarauficiilar   Inject loo»  of,  '211,  418 
Inunction  of.  *i77    418,  430 
'ixycyanlde  of,  ü3,  »71 
yellow    Olid»»    of,     scq     YRU^tw     Oiiu« 
Ointment 
Meridian»,   prlnt-lpn].   H4H 
MeUmorphopslfl  In   rhorloldlll»,  IN,   4;t7 
In  fit' iBcb  meat  of  rftlna,  114,  TttVJ 
rpfraetiT*»,   114 
rHltinl.     114.    Ö42,    ri«2 
Mi'tnstn««^  tif  rye  tnmor«,  457»  rift4 
M^*tfl^4tJltir  t'ltorloldUlf*,   4<tri.   44fi 
ironorrhn»al  ronjiiii**thitl«,   144 
fililidiiilniia    ao,   405.  448.   44'.i 
orbital  relhiMtli».  77«' 
rettnJTls,   405.  548 
Mfttayl  atf'ohol  caiialng  toxk'  adtbJyöpfn,  502 
Mrtri' (iMifie,   702 
Mr(ro  li^uft,  71*4.  7VI7 
Mlrroblt'i/barla.  G50 
^1  Jkllt'ixjrtirrTtK  i-ntarrliaU.H,  I'll 
^■AU  ropbfhnlmiiM.   4r«t),  4i;i 
^f^l^'t'^'Pf^la     In     myilrlnHis    nnd    paralysl«}    of 
ftt'oomniiiflatbm,  1  M,  'A7'2,  Sü:» 
rptlniil,  114.  4Ü8 
MlfToseoiiv.  rorncal,  7a 
MhTOHropJc  anatomy   of  cborlold»  361 
of  ciliary  body,  rir)»! 

It*f  fonjnnctJva,  121,  11!0 
f»f  rornoa    217 
it  Iria    ,iri4« 
of  liirbrytiial  paaaa^ca.  ftfO 
of  Irns.  4ii7 
of  fipHc  n*»rv*,  571.  570 
i>f  W'tlnn.  537 
of  Rckrn.  320 
Igralne.  45.  607 
wnlalr«*.  (K)7 
optitbalmoploftlc,   723 
^Ifffrntlon  rtnj;  (or  xooe),  256 
>llkvii!rü's  dlH^'ns«.  073,  787 
Ml  Hum  of  lid».  OM» 
Mlosi.*,  :mK  372.  375,  431 

r aastM'laied  with  macropsla.  372 

^m         pnru lytic.  432 
^P  spnHtic.  432 

«pin« I,  37 n.  smt 

Miotic»,   3BI» ;    »If   uIho    Kskkink   and    PiLi> 

CAJtVlSK 

In  ttlitiifoma,  18.  472,  473.  489 

In   IrlHH,  417 

hi  Icvrntoconu«,  IWJ 

»In  iiAndysls  of  nrromm<Mlntlon,  M.*» 
priM  luring     fnpnsm     itf     iirt-ommodniion, 

Moeblus'  Nvmptimi  In  HaHPdowK  dlRr*as:f^  781 
Mcvint,   warm  compros.HeH  :  sisi*  Hot  Al'PLirA- 

TfONH 

Mold  funifi  caii$!lnK  keratltia.  H,  259 

Moll*»  gtandfi.  iUi.  «{r»9 

Molluftcum  contuidoHtini  of  llda,  <UV8 

i  Imp  lex  of  I  Ida.  1159 
Monocle  for  ptonts,  656 

Motiii  AienfeldV  fllplobaclilUH.  131.  136»  255 
MorjCJißnl,  sphere«  of.  TiO.'! 
Mori^aj^nlon  cataract,  513 
Moro's  mcthwl,  117 
MoTainn  Operation  for  ptoal«,  053 
Mofliity,  illhitiirbstncea  of,  67P 

of  Ida,  disorder»  of,  431 


Motility,   rtduduna  of,  lu  normal  nie<u*K.  7411 
Movenicut.  tipparent.  of  object»  In  itHligma« 
tlKm,  8.%3 
apparent,   of  object«   In    parnlyKe»   ami 

spuHin  of  eye  moKcicH,  48.  70ö.  724 
of  readjuwtment  or  red  re  a».  72ft,   744 
Movements,  MKiHM'latlau  of.  tl83.  084 
binocular,  «84,  «91 

4i»iHOclHled   \or  co  ordinate!,  084 
ronviTgont,  »W4,  tU»2 
dlsjußrilve.    «iH4,    002 

dt!4S<KllU*Ml.    7t>« 

divergent,  «84,  61)2 
lateral.  t\U\ 

parallel.  CH4.  (Iin.  763 
Hcarchinjiff,  711.'»,  7<lö 
nurnocnlnr.  6tMi 

mcrtsnrenn'nt  of,  602 
Mu lew's  operation,  031 
Mdller'H  operiitton  for  eetrojdoö,  050 
Müllers  rll.  >  orbital  minfcle,  772 
paipebriil  miificieft,  614,  U56 
IKirtlon  of  clliarv   miiMcle»  356 
Mnmp«  eaiiKlnß  Irlth,  414 
Musvm  volltantei«,  Ö32,  534.  820 
In  cataract.  301 
in  myopia,  829 
MiiHcarlne  producing  miodln,  360 
Mnacle.  ciliary,  see  Tiliahv  MU8C1<X 
Horner's.   617 
orlpliai.  of  M aller.   772 
paipebral,  of  Mb  Her.  614.  6.'»« 
MuflcleR,  ocninr.  ßctlon  of.  08O,  600 

action    of,    hovv'    vnryln«    Id    dlffertüit 

position«  of  tbe  eye,  tJ«0 
ftdTiincemenf  of.  nee  Apvanckiiiikt 
Anatomy  and  idiyHUilojfy  of,  670 
a^Moctatlon   or,    Oh,'*,    t;«4 
diHtiirbance»  of,  670 
extrinsic.  tl70 
fflsclje  of.    IW(K   688 
inwrrlon  of.  670,  6«H 
insufncienry  of,   sev   IlirrKRonioitiA 
Int+rlor  tor  ItitrliiHk),  tI70' 
nerve«  of,  68".  604 
paralytila  of.  703 
HpaHm  of,  724,  75S*,   763 
tenotomy  of,  si^.  TenüTüHY 
Muscles   of   lids,   612.    614.  617,   618 

tiflfectloris  of,  ttOl 
Mtiacnlns  cUlftrl»  KiolanI,  617 
orbital!«,  772 
aubtarsaÜH,  617 

tarHttlls  Inferior  and  »iiperlor.  €14,  617, 
»518,  C50 
MyuHtbentu   cafj9tn«e   pantlyida  of  eye   mu«- 

des.  722,  723 
Mydrla»ts,  360,  372,  431 

asfto elated  with  microp«ln,  372 
cuuHinf?  lirlaocoQiu.    4H2 
cauiüinif  eryibropHla,  ',»16 
In  umuurosls.  en  line  uf,  432 
III  Kluticoma,  ciuiw  of,  478 
pa ni lytic,  431 
ispHstk,  431 
trnttmAilc.  423 
Mvdrla»lcs.  370 

harmful  In  iflfturomft.  10.  473,   482,  400 
MyellÜH  cit lining  optic  neuritis.  588 
Myoflesopjiia,  532 
Myoma,  431 
Myopia,  824 

apparent.   In   hyperuietropla,   847 

In  person»  with  defective  sight,  3f)0 
pro«luc<>d  by  Kpa^im  «f  «ceominoda- 
tion.  867 
axial,  827 

cau*e  of,  827,  830,  837 
tauHcMl  by  cataract.  502.  511.  516.  827 
corneal   »cara,   300.  827 
di  a  lie  ten,   827 
IrlllÄ,  300 
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Mj'i^plH    f*rt  Ultimi    by    nenr    work.     830.    836  Needle. 

s^hrltlB.  H23  tat 

cau^Lnt?   mfarnct,   H'M*  Nephrit 

cletnrhment  of  retina.  560  rltls, 

rllrPKtf'nt     squint     and     exophorla.  Nerve,  i 

121,  734  cen 

F^lauroma.  403  fibi 

cbotloldul    chanf^ps    In,    439,    442,    451,  nu< 

829.  832  ( 

clUflrj?  iniiRcle  In,  834              '  oc« 

complf {gallons  of.  829  opt 

correction  of.  by  concave  lens,  96,  822.  str 

m].   861  sut 

by  p*iptiopaplc  hole,  810  tro 

crescent  In,  442  Nervus 

detaclimf*nt  of  retina  in,  560  Ncuralg 

di>termlii«rlon  of.  95.  97.  824  sui; 

dlfnlnlHbtne  In  old  age,  842  Neurast 

^fTec!   of  rntaract  extraction  on,  911  hei 

Hfjr>i;iitkm  of  eye  in.  829,  832  Neurlti« 

riiinlri-  visible  from  distance  in,  101  mu 

lir' iiIi:il;.s  In,  445,  829  opt 

liiTi-lir.ii'^    tendency  to,  830 
bjRJiitiEi-   ligulations  for,  832,  836 
tncapflcTtating  for  military  service,  835 
Incopatltatlng   for   certain   professions, 

index,  82T 
In  schocilfl.   836 
ieDticular.  516,  827 
monocular  diplopia  in,  703 
morbid  Anatomy  of.  451.  829,  832,  834 

muscB?    tolltantes   in,   829  Neuro-f 

oppratton  for,  832.  900  Nenrofi 

fiptlt^  nerve  in,  832,  833  Neurom 

nrlglQ  of  term,  827  plf 

prertlspoültion  to,  830  Neurop 

jircvalpnce    of,    among    certain    profes-  Neuro-t 

ftlonji^  and  races.   836  Neurop< 

jiroKresslre,  830  Neurot( 

propbyliixlR  of,  836  Nlght-b 

refracMiVP.  827  Nitric  j 

relntloTi  of.  to  glaucoma.  472,  475.  835  Nodal  i 

Hcboot.    836  Nose,  c 

Fitapbyloma  posticum  in.  344,  444.  827.  668, 

H32  Novoca 

Htfttlonary.  830  Nubecu 

symptoms  of.  827,  828  Nuclei 

theories  of  its  production,  880,  837  Nyctak 

transient,  In  iritis,  390  an 
treatment  of,  831,  836 

treatment  of,  operative.  832  in 

typical.  H27  In 

vlRiial  acuity  in.  827.  828.  829,  835  Nystag; 

Myo-snrrnrna.  431  '     au 

Myosls,  MyoHcs.  see  Miosis.  Miotics  clr 

Myxoma,  215,  319  coi 

Myio  Biircoraa,  SO.'»  dis 

(\\f 

N  he 

Nievl   Iriöis.  3^3  ho 

plgmeatod,  214  inl 

KAgeVs  te»t  for  color  blindness,  605  mi 

Napbthallne  causing  cataract,  519,  523  mi 

eaustnf^  opacity  of  cornea,  296  oc4 

Nasal  duct.  Bpp  Lachrtual  Duct  op 

Kausea  in  eyf  affections,  50  os< 

Near  point.  813  roi 

abHolute,  819  syi 

dc'trrinlnatlon  of,  816  th( 

of  roiivergence.  701  to: 

f orppH Ion  of.  820  trc 

r*»!allve.  819  un 

Near    work,    excessive,    prodiu-ing    myopia.  vc 

830,    835  vo 

plassfM  for,  822 

Needlp,  nstRtl(\  339 

cataract,  S^OO,  901 

couching.  901  Obllquf 
dliiti'iMii.n.  1K)0.  001,  905 
forelgn-lKidy,  287 
Itnlfe  .  9IW,  901.  903.  904 
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Oblique,  superior.  679 

action  of,  681,  690 

paralysis   of,    708,    712.    713.    717. 

924 
tenotomy  of,  918 
Occluslo  puplll».  .183.  387.  301.  394 
Oculo-motor  nerve,  680,  695 
nucleus.  69n 
paralysis,  708 
a!:clenia.  angioneurotic.  626 
calldum,  207,  625 
filtration-,  208 
frigidum,    207,    626 
fusax,  208,  626 
inflammatory,  207,  208,  625 
neurotic,  626 
non-inflammatory,   207,    208,   477.   625, 

626 
of  cornea,  304,  477,  484 
of    lids,    625 

over   mastoid    in   thrombosis   of   caver- 
nous sinus.  777 
recurrent,  626 
subconjunctival,  207 
traumatic,  626 
Oettingen's  operation  for  trichiasis,  938 
Oil  cysts  of  orbit,  786 
Oily  collyria,  57 

Ointment,  ammonlated-mercury,  see  Wiiite- 
I*BECipiTATE  Ointment 
Ichthyol,   622 
ra«renstecbor*8.       see       Yellow-Oxide 

Ointment 
tar.  «33 
white-precipitate,    see    Whitb-Pbecipi- 

tatb  Ointment 
yellow-oxide,      yellow-precipitate.      see 

Tellow-Oxide  Ointment 
sine    oxide,    622 
Ointments,   general    remarlcs,    57 
Oleum  fnfifi   (or  rusci).  633 
Onyx,  258 

Oparitates  corporis  vitrei,  532 
Opacity,    how    recognized    with   ophthalmo- 
scope, 93 
location  of.  how  determined,  94 
of  the  cornea,  5,  296 

clearing  of.  241,  301,  510 
congenital.  292.  308.  304 
degeneration  of.  303 
differential  diagnosis  of,  302 
disturbance  of  sight  caused  by.  290. 

304 
how  recognized,  297,  303 
indirect  conseouences  of.  298 
lattice-shaped.  295.  300 
metamorphoses  of,  303 
nodular.  295 
non-inflammatory,  304 
pressure-,  304 

producing  hemeralopia  and   nycta- 
lopia. 599.  600 
producing  increased  tension,  298  . 
producing  myopia.  300 
producing  nystagmus.  300 
producing     purulent     infection     of 

eye,   200.   413.  447 
producing  strabismus,  300 
ribbon-shaped,  293 
striate,  285 
trachomatous.  156 
traumatic.  286 
treatment  of.  301,  304 
zonular,    293 
of  the  lens,  see  Cataratt 
of  the   vitreous,   93.   531.   536.    829 
Opaque  disk  in  diplopia.  711 

nerve  fibers  in  retina,  39,  543 
Operation  (or  operations).  871 

after-treatment  of.  872,  878.  88r. 
anvs'^hesla  for.  872 
antiMepsis  and  asepsis  in,  871 


Operation  avoided  in  diphtherial  conjuncti- 
vitis, 175 
*^S!>0*^    In    sympathetic    irido-cyclitis; 

delirium  after,  51,  885 

dressing  after,  52,  872.  878.  885 

Oo'i?^??*'    524.    525,   900.    903,   904, 

for  detachment  of  retina,  661,  889 

for  distlchlasis,  933 

for  Of'troplon,  945 

for  entropion,  043 

for  enucleation,  927 

for  epicanthus,  661 

for   evisceration    (or   exenteration)    of 

eyeball,  931 
for  exenteration  of  orbit,  928,  938 
for  foreign  bodies  in  eye,  332.  889 
for  glaucoma.  486,  489,  490,  491,  498. 

888,  893.  898  »         .  .     »»«. 

for  heterophoria,  729,  761.  923 
for  iritis.  418 
for  keratoconus.  318,  319 
for  myopia,  832.  900 
for  orbital  cellulitis,  776 
for  panophthalmitis,  448 
for  paralysis  of  eye  muscles,  711,  923 
for  periostitis,  774 
for  ptervgium.  198 
for  ptosis.  950 

for  pulsating  exophthalmua,  786 
for  staphyloma  of  cornea.  810,  812 
for  strabismus,  736,  742,  761,  917 
for  Symblepharon,  203 
for  tarsorrhaphy.  941,  946 
for  trachoma,  159 
for  trichiasis,  933 
for  tumors  of  eye,  454 
general  rules  for.  871 
healing  after.  878 
hemorrhage  in,  877 
hypostatic    congestion    of    lungs    after, 

in  children.  886 

Inflammation  after,  880 

irido-cyclitis  after,   880 

Irregular  healing  of.  879 

on  adnexa  bulbi.  917 

on  the  cornea.  887 

on  the  eyeball,  887 

on  the  iris,  889,  898 

on  the  lachrymal  gland,  674 

on  the  lachrymal  sac,  672,  677 

on  the  lens.    524,    525.   9()0.    903.    904, 

906,    912 
on  the  lids,  933  et  seq. 
on  the  muscles,  917 
on  the  orbit,  774.  776.  932 
on  the  sclera,  489.  561.  888 
prolapse  of  Iris  in,  875,  882 
suppuration  after,  880 

For  special  operations,  see  Cata- 
ract, Extraction,  Discission. 
Iridectomt,  etc. :  also  Arlt*s 
Operation,  Brer's  Operation, 
etc. 
wound,  closure  of,  878 

external  and  internal.  881 
gaping  of,  882 
Infection  of.  871,  881 
irregular  healing  of,  879 
obliquity  of,  881 
rupture  of,  879 
suppuration  of,  880 
union  of.  878 
valve-like  character  of.  882 
Ophthalmia  sgyptlaca.  167.  162,  164 
arthrltica.  465 
oatarrhalls,  128 
Egyptian,   167,  162,  164 
olertrlca.  24.  196 
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Opbttiatmia,    li^otiorrhoBal,    see     Conjuncti«« 

¥1TIS,     ÜONORKnOEAL 

hcpaUca,  442 
Jequlrity.  2T.  172 
mecnfltatlc«  tm,  405,  448.  449 

aeoDfltontm,   146 

punilfnta  ehronica,  165 

HymiJjUhf  tlr,  404.  411,  414,  419,  421 
Opb.tüalmo-diii[ibfino8Cope,    455 
Ophthal DJü-fiynflmometer,   701 
OpbthnlnjuDintacIn,  495 
Uptithtilmometer.  of  Helmholtz.  854,  865 

of  Javftl  aofi   Schiötz,  854,  855 
OphthalmopIpgluH  central,  721 

eoBgi^nltu].  722 

eiLterkir  (or  external ),  708,  721 

InleHof    lor    Internal),    431,    708.    722. 
864 

re^^u^rent.  723 

totally  708.  721 
OphrhftJmnpli^grii*  migraine,  723 

Oplltll*UUHPKr<i[M\     77 

appllriirion  of,  83 

detirml  nut  lull  of  refraction  by.  95 

elect  rk\  7  b.  79 

examlDiitLoQ  with,  77,  78 

how    tihowLuj?   opacities    in    the    refrac- 

tl¥i>  mi^dla.  83 
tDventlon  of,  77 
,>  of.  77 
Ophtlialrao'sfopy.  77 
Optic  ari*fl,  ,T7ri 
ffttiiU,   'tin 
centf'rB.    574 
aUK  S3.  87,  in 

chiini^eH  of.  In  myopia.  441.  443 

colobomii    of,    460 

üiiffy,  Ttm 

aLzr^  mnd  shape  of,  83,  102,  443 
meraory-plcfHres,  575 
Qprve,   anatomy  of,   567 

appfarnnee    of,     with    ophthalmo- 
Hcope,  83 

atpjphy  (if,  see  Atrophy  of  Optic 
Xerve 

eoioboma  of,  460 

t*QOgciUtal  anomalies  of.  92,  160 

4lec!Ui3!sn!lon  of,  575,  578 

(le^^fliipruent  of.  376 

€UsoRtu>#  of.  567 

drcipsy  of  sheath  of,  584 

«-ifavatlnn  of.  463,  465.  485.  571 

jltHTH.  arrangement  of.   571,  575 

h^Äd  nt,  83,  87.  570 

hemorrljnge  into,  549 

hvpcni^mla  of,   470,   478,  585 

lni*|i>ttuD  of  sheath  of,  586 

In  fin  mm  lit  ion  of,  581 

tnjurii^s  of.  588 

inlracrnnial  section  of,  573 

intra -o(u la r  division  of.  567 

Intraf^rli^ral  portion  of,  567 

orbital  ill  vision  of.  571 

pnthulogleai    changes    of,    in    glau- 
coma, 485 

parhologieal  changes  of.  in  neuritis 
und   atrophy.   595 

pathological    changes    of.    in    toxic 
Amblyopia.  594 

puplllnry  flbets  of,  more  resistant 
ro  Injury.  374,  375 

trunk  of,  571 

tumors  of,  595 

vejisela  of,  85 
rieurUlH,  Bee  Neuritis,  (^ptic 
papilla,  see  Optic  Disk 
I*athwAy.  37;i 
pedicle,  37fl,  ^78 
iracfa,  57 4 
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Pannus  scrofulosus,   185 
8ic(*uH.  KU) 

Himnlatlne  pteryc^um,  201 
tenuis.   108 

trachomatosus,  151,  108 
treatment  of,  161 
ulcer  of  cornea  In,  247 
vasculosus,  168 
Panophthalmitis.    240.    252,    260.    261.    2i>0. 
:UM).  329.  XW.  346,  403,  405.  446.  448. 
449.  471.  880 
causing?  retrobulbar  cellulitis.  776 
contraindiratinji:  enucleation.  448.   449. 

929 
diagnosis  of,  447 

outcome  of.   better  than   that  of  trau- 
matic irido-cy cutis,  449 
I»apilla  (nerve  optici),  83,  87.  570 

apparent  change  of  shape  of.  in  astig- 
matism, 102 
apparent    change   of  shape  of.   in   my- 
opia, 443 
changes  of.  in  myopia,  441,  443 
Papillse  lacrimales.  662 

Papillary    condition    of    conjunctiva,     126. 
165 
form  of  trachoma.  149,  165 
hypertrophy    of    conjunctiva    occurring 
in  many  eye  diseases,  165 
Papillitis.  581 
Papilloma.  212,  319 
Papillo-macular  bundle,  580.   581,  588.  790 

region.  580 
Papilloretinitis,   586 
Papul«  iridis.  407.  413,  430 
Paracentesis,  instruments  for.  901 
needle,  901 
of  cornea,  887 

for  embolism  of  retina,  .'»48 
for  increase  of  tension,  465.  887 
for  iritis.  418 
for  keratectasia.  316 
for  removal  of  hypopyon.  260 
for  staphyloma.  887 
for  ulcers  of  cornea,  243.  254,  260 
for  vitreous  opacities.  887 
how     affecting     tissue     metamor- 
phosis. 13 
in  parenchymatous  Iteratitis,  277 
of  sclera.  455.  489,  561,  888 
Parallactic  displacement,  94,  103 

in  neutralizing  lenses,  798 
Parallax  teat.  745 
»*arallel  movements.  684.  691 
Paralysis  of  ocular  muscles,  703 
alternate.  722 
basal.  709.  721.  722 
causation  of.  709.  721 
combined.  717.  719 
congenital,  718,  722.  723 
conjugate.  709,  721,  763,  764 
contracture  in.  707,  720 
cortical.  709.  721 
r-onr«e  of.  710 
deviation  of  eye  in,  703 
diagnosis  of,  711-720.  724.  750 
diagnosis  of  site  and  etiology  of,  721 
double  images  In.  706.  712.  717 
etiology  of.  709,  721 
false  orientation  and  projection  in.  705 
fascicular.  709.  722 
hysterical.  723 
intracranial.  709 
lagging  of  eye  in.  703 
limitation  of  movement  In.  703 
measurement  of,  720 
mode  of  occurrence  of,  708 
nuclear.  709,  721 
of  abducens.  708.  712.  717.  723 
of  accommodation.   369.   423.  708,  722. 
864 


Paralysis    of    associated    movements,    709. 

721,  763,  764 

of  ciliary   muscle.    369,    423.    431.    708. 

722,  764 

of  convergence,  755 

of  depressors,  717 

of  divergence.  752 

of  elevators.  717 

of  external  rectus.  708,  712.  717,  723 

of  facial  nerve,  652 

of  fourth  nerve,  708 

of  inferior  oblique,   712,  717 

of  inferior  rectus,  712.  713.  717.  723 

of  interior  muscles.  369,  423.  431,  70S. 
722 

of  internal  rectus,  712,  717 

of  lateral  movements,  764 

of  lateral  rotators,  717,  721 

of  levator  palpebra»  superioris,  654 

of  musculus  tarsalis  superior,  656 

of  oculo-motor  nerve.  708,  723 

of  orbicularis,  651 

of  sixth  nerve.  708.  712.  717 

of    sphincter    pupllls,    369,    423,    431. 
fc08.  722 

of  superior  oblique.  708.  712.   713.  717 

of  superior  rectus.  708,  712,  717.  723 

of  sympathetic,  432 

of  third  nerve,  708 

of  trochlear  nerve,  708,  712.  713.  717 

of  up  and  down  movements,  764.  765 

old,  707 

operations  for.  711,  923 

orbital.  709.  723 

periodic.  723 

projection  in.  705 

rheumatic.  710 

site    and    etiology    of.    how    diagnosti- 
cated. 721 

supranuclear,  721 

Kymptoms  of.  48,  703,  718 

torsion  in,  725 

treatment  of.  710 

vertigo  in.  48.  706 

with  retraction  movements.  723 
Paranephrin,  62 
Paresis,  general  (or  progressive).  375.  710. 

722,    865 
Parinaud's  conjunctivitis,  171 
Parotitis  causing  retrobulbar  cellulitis.  776 
Pars  cilia ris  retina».  352.  357.  539 

Iridica   retina».  352,  5.39 

lacrimalis  musculi  orbicularis.  617 

retinalis  iridis.  352 

uvealls  iridis,  352 
Peaked  skull.  587 
Pearl  cysts  of  iris,  427 
Pecten.  461 

Peliosis  rheumatica  causing  iritis.  414 
Pellagra  causing  cataract.  519.  523 
Pemphigus  of  conjunctiva,  187 
Perforation  of  cornea.  235,  243,  244 

of   e.ve,    character   of    Inflammation    in. 
398 

of  eve.  symptoms  of.  326 
I'erichorloldal  space.  15 
Perimeter.  107 

for  measuring  degree  of  itaralysis.  720 

for  measuring    degre<>     of     strabismus, 
740 

for  measuring   excursions   of  eye.    692. 
741 
Periorbita,  770 
Periostitis  of  orbit.  773 
Perlscopic  glasses,  795 
Perithelioma,  457 
Peritomy.  171 
Perivasculitis.  544 
Petit 's  canal.  500 

diplobacillus,  131.  246,  255 

method  of  opening  the  lachrymal  sac. 
677 
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I'etrotrs  bonp.  caries  of  causing  orbital  eel- 
lu  Litis    and    caTemous    thrombosis,    777 

F*hnr.TUfiritls    causing    retrobulbar    cellulitis, 

77Ü 
riU^/fiiiün  of  orbit   (retrobulbar),  775 
Plilyftn?na  polllda,  190 
Phiyr-ti'inilnr    conjunctivitis    and    Iteratitis, 

see   CONJUNCTIVITIS  Eczematosa 
Phorotoeter.    730,    747,    749 
Photonif'ter  i>f  Förster,  115 
Pbotopliobtn.  42,  181,  183.  186 

trentrapnt  of.  25,  61,  63,  187 
PhotopBliB,   60,   438 
PbtUlrlfiHlfi  tmlpebrarum,  634 
Pbttilsla  UtjIM.  403,  406,  419,  447 
<?orneip,  239 
OBit€'[itial.  495 
PbFsloloKy  o'  the  eye,  3 
FhyaostlKmlnf'.  370 
Plat  sheath  of  optic  nerve,  572 
Ptgnaent  pplt helium.  356.  363.  364.  ."iSO 
atrophy  of,  440 
layer  of  kis,  352,  354,  381 
rptinnl.    -152.  354,  364,   381 
stromft-,  364 
uveal,    £i64 
Pllofarplne,  60,  370 

for  dlnf^nosls  of  glaucoma,  472 
for  diaphoresis,  56 
in  fistula  of  cornea,  245 
In  g}fluroma,  489 

In  pnralysis  of  accommodation,  865 
to    counteract   mydriatics,    60,    61 
Ft  nee  dflfaiix,   880,  891,  899 
PIngti<?c«lft,  124.  127 
Plrquefii  method.  67  » 

PItjriiiitiB  of  conjunctiva.  188 
PlACldo'a   kwratoscope    (or  disk),   222,   318, 

S5S 
Plka  semilunaris,  124 

diseases  of,  215 
Porumohnrillns,  131 

PneumDODccus  causing  acute  conjunctivitis, 
lai.  147,  177 
causing  purulent  chorioiditis  and  retin- 

It  Im,  405 
eauHlni?  ulcus  serpens,  252.  255.  257 
In  normal  conjunctival  sac,  31 
■erQin.  65.  66 
ulcer»  255 
pQeumonla  causing  iritis.  414 
cauAlQg  optic  neuritis,  588 
eaualti^  Durulent  chorioiditis,  449 
Point.  corrps|M>nding.  697 
far.  SI  3.  816,  819 

of  <*f>nvergence,  701 
near.  813,  816,  319 

of  convergence,  701 
nodal.   301 
pressure,  Ö52,  653 
PoiionB  producing  cataract,  519.  523 

producing   miosis   and   mydriasis,    869, 

431.  432 
productnir  nystagmus.   766 
producing  optic  neuritis,  585.  588 
prciductnK  paralysis  of  accommodation. 

3ß9.  431,  865 
produclne  paralysis  of  eye  muscles,  722 
prodiiclnp  toxic  amblyopia,  592 
Polloencephn litis   superior  causing   ophthal- 

moplpffln,  722 
Foliant  in.   131 

Folyttpisi  iTionncularis  in  cataract,  501 
Polypi  of  conjunctiva,  212 
Pomr^RmiiR(f^-rf»ot    bark    causing    toxic    am- 
blyopia, 5f>2 
Poftio  orhUnlis  614 
palpebral  Is,   612 
Fa«teriop  chumber,  359,  360 

e^^dation  into.   385,  388,  400 
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Ptosis,  alternating  in  movements  of  eye,  655 
apparent.  053,  056 
congenital,  654,  655 
cortical.  721 
false,  653,  656 
in  trachoma,  170 
myopathica,  656 

occurrinf?  only  in  abduction  or  adduc- 
tion, 655 
operations  for,  950 
treatment  of.  654,  050 
Pulsation  in  vessels  of  optic  nervo,  .^0 
Punctum  lacrimale.  002  ^     ^^„ 

absence    and    duplication    of.    600 
everslon  of.  030.  075 
stricturt»  of,  07."» 
proximum,  813 
romotum.  HI  3 
l»uncture.  see  Paracextesis  . 
Pupil.  308 

Areyll-Robertson,  375.  590 

artificial,  situation  of,  in  iridectomy  for 

various  purposes,  893,  894 
vision  with.  895,  896 
cafs-eye.  898 

contraction  of.  causing  improvement  in 
sight,  599,  810 
causing  lessened  sight.   000 
causing  pain.  22,  00 
from  action  of  light,  308 
governed  by  oculo-motor  nerve,  308 
in  convergence  and  accommodation. 

309.  375 
pathological,  see  Miosis 
produced  bv  ocular  irritation,  375 
rrater-shaped.  304 
dilatation  of.  causing  dazzling.  371 

causing  Impairment  of  sight.   599, 

810 
causing  improvement  of  sight,  000 
governed  by  sympathetic.  368 
necessary   for  diagnosticating  syn- 
echise  and  seclusio  pupIUie.  380. 
391 
necessary  for  examining  fundus.  83 
pathological,  see  Mydriasis 
produced  by  atropine.  370 
produced  by  cocaine,  370,  431 
produced  by  homatropine.  375 
produced  by  sensory  stimuli.  309 
distortion  of  in  synechl».  Iridodialysls. 
and  prolapse  of  iris.   298,  385.  422. 
877 
double,  causing  monocular  diplopia.  702 

produced  in  iridectomy,  894 
eccentric  (or  ectopic),  434,  409 

vision  with.  896 
examination  of,  75 
Inequality  of,  always  pathological.  309. 

374 
luminosity  of,  81 
occlusion  of,  383.  387.  391.  394 
reaction  of.  associated.  309.  375 
consensual.  70,  309,  374 
cortical.  375 
direct,  70 
hemiopic.  581 
how  examined.  75 
lid-,  375 
nervous    mechanism    <)f.    374. 

375 
palpebral,  375 
reflex.   368 

to  convergence  and  accommo- 
dation. 309,  375 
to  light.  75.  303.  373 
to  light,  absence  of.  374 
to  light,  an  evidence  of  light 
perception.  300 


Pupil,   reaction  of,  to  light,  persistence  of. 
in  amaurosis.  375 
to  light    in    seclusio    pupllle. 

391 
to  poisons,  369,  875 
to  sensory  stimuli.  369.  375 
seclusion  of,  387,  391.  894,  420 
size  and  shape  of,  Influencing  character 

of  diffusion  images,  810,  81 1 
size    of,    relation    to    hemeralopin    and 

nyctalopia,  599,  600 
size  of,  how  varying.  309.  370 
Pupillary  membrane,  379,  394 
persistent,  433,  435 
zone.  350 
Pupillomcter.  371,  372 
Pupil loscopy.  97 

Purklnje-Sanson  reflex  images.  70 
Purpura  hiemorrhagica  causing  iritis,  414 
Pustular  catarrh,  132 

Pyemia  causing  metastatic  ophthalmia,  449 
causing  orbital  cellulitis.  775 
causing  retinitis.  548 


Quinine,  43,  174,  246,  248.  419 
amblyopia,  592 
causing  nystagmus,  766 


Radiotherapy,  55 

Radium  producing  injury  to  eye,  25 

treatment  with,  55,  171 
Reaching  test,  705 

Reaction  of  pupil,  see  Pupil.  Reaction  of 
Reading,  glasses  for,  822 
in  vertical  lines,  767 
Recklinghausen's  disease.  470 

juice-canals.  7 
Ileclinatio  cataractie.  912 
Rectus,  external.  079 

action  of,  018.  681,  690 
advancement  of,  736,  742,  701,  922. 

924,  926 
insufficiency     of     (so-called),     see 

ESOPHOBIA 

paralysis  of,  708,  712.  717.  924 
tenotomy   of,    729,   787,   918.   928. 
924 
Inferior.   079 

action  of,  618,  681,  690 
«dvancement  of.  924 
advancement   of,   causing   contrac- 
tion   of   palpebral    flsanre,    618. 
927 
paralysis  of,  712.  713,  717.  924 
tenotomy  of,  918.  924,  920 
tenotomy  of,  causing  dilatation  of 
palpebral  fissure,  018,  927 
Internal.  079 

action  of.  618,  681.  690 
advancement  of,  729.  737,  701 
insufficiency  of  (so-calle«]).  727 
paralysis  of,  712.  717.  1)24 
tenotomy    of,    730,    742.    761.    917. 

922 
tenotomy     of.     causing     divergent 
squint.  736,  922.  920 
lateralis.    070 
medians.  079 
superior,  079 

action  of,  017,  081,  089.  090 
advancement  of.  924,  925 
advancement    of.    causing    contrac- 
tion   of    palpebral    fissure,    618. 
927 
congenital  absence  of,  723 
paralysis  of.  708.  712,  717.  924 
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Rectus,  ffxici  mil,  ti  notomy  of,  018.  924,  920 
h  ii^Hioiiiv  of,  causiDK  dilatation  of 

|inl[<«^i:i]  fiHSure.  618.  927 
used    to    replace    levator   palpebr», 

Bed,    dlmtnli^hod    piTceptton    of,    a    sign    of 
optlc-m^rr?  disease,  113 
bUnfjQf^fl.  BOO 
RlnsH,  lent  with,  745 
Rpd-prpen  hllndns  s,^,  603,  604 

Tli^iial  jiiiliisdint*».  603 
IledreBs,  movement  uf,  726,  744 
Reese's  operation,  1i>25 
ReSex,  rornenJ,  73,  04 
cortical,  'iir* 
lenticuliir.  76 
lid.  375 

light,  75,  3RS,  373 
puplll&rj,  *ee  Pupil.  Reaction  of 
iw*nnory  (or  Bkln),  369,  375 
w«tpred-gllk.  S8 
U*'frji<'tiug  tnetllfl.  examination  of,  83,  92 
Utfnirilon  of  i^je,  801 

flnoroaru^a  uf.  701,  823 

ri>rri?c"tloR    (>f.    in    motor    disorders    of 

eye.  TOO 
ntrriM'tion  ipf.  rules  for.  860 
ryrliiiih-^rSi's  In  determination  of,  859 
detprmliinri^m  ^if.  by  direct  method.  95 
by  inverted  Image,  97 
by  object  ho  methods.  9.1-1 02.  826. 

8ri4 
by   "nlnlinlmometer.   854  . 
bv  oE'ti'liiklmoscope.  95,  854 
bv   njHMiijrTer.   826 
by  Nbiatii'1107   (or  shadow  test).  97 
by  »ubjpcdve    methods.    825.    826, 
S5;i,  ma 
teat*"*!  with  n^ference  to  central  vision, 
104 
Refrnctlve    power    of    eye,    diminishing    In 

how    d<>cre«sed    by   cataract   extraction, 

R^iun  of  EiccomniiKlatlon.  813,  814 
uf  trfiTi!iition.  11^2 


papula  macular.  580 
ilniTcr'}* 


itelslnircr'}*  «louble  hi>ok,  909 
RelnpiJlojt  fever  caiisiing  Iritis,  36,  409 
Resorcir).  Ua2,  03^1 
Rpttna,  HI.  5, 'IT 

adaptfttion  of.  115 

annMiiln  uf.  54^ 

anatomy   i>f.    537 

apbiHlfl  of.  riiMj 

appenr&rice  of.  with  ophthalmoscope,  88 

Hrteriiwclcroülj^  at.  546 

nrteHe»    of,     bow    distinguished     from 
veins,   S5 

atrophy  of.  554,  557 

chanKes  t>f.  in  myopia.  829,  832 

ct>lobf*ma  of,  4iH> 

concussion  of.  r>66 

congenital  anomalies  of.  460,  461,  543. 

cystttcercuj*  of.  ,'63 

dt^fJirbment  of    K  286.  558,  889 

development   of.   377 

di<4ea.s4>^  of.  Tt'ST 

etdlKills^m  In.  rki»,  546 

flmetlan  of,  541 

■Ui^iiia  of,  504 

ieamrhAjrf!«  Into.  490.  545 

liPOiorrbai^e«    into,    causing    glaucoma, 

492.  494 
hlsEtolopy  of.  5/tT 
hypenpmla  Ktt,  7*43 
iRiiammiiMon  of,  see  Retinitis 
Injurlf«  of.  Ö*it^ 
nuiritlon  of,  how  effected,  10 
<f€tfMna  of.  56^ 
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RotatorH.  lateral.  601.  717 

Ruete    flr»t    employing    concave    mirror    In 

ophthalmoscopy.  78 
Ruptur»  cornea»,  291 

ret  I  nie,  502 
Ru3*8ch's  membrane,  3Ü2 

S 

Saccus  lacrimalis.  662 

Sach's  transilluminator.  455 

Saemlsch's  incision   for  ulcus  serpens.   254, 

260 
Salicylates    and    other    salicyl    compounds, 
322,  417,  418,  419.  632.  633 

causing  toxic  amblyopia,  592 
Salt  solution  In  eye  operations,  871,  881 

for  subconjunctival  injections,  see 
Subconjunctival  Injections 
Salvarsan.  277,  418 
Sarcoma.  210,  213,  319,  426,  453,  595,  659, 

784 
Sattler's  treatment  of  trachoma,  159 
Savage's  operation.  925 
Scarification   of  conjunctiva   in  gonorrboeal 

conjunctivitis.  146 
Scarlet  fever  causing  optic  neuritis,  588 

causing  orbital  cellulitis,  775 

causing  purulent  cborloiditis,  449 

causing  ulcus  serpens,  253 
Scarpa's  staphyloma  posticum,  827,  832 
Scheiner's  experiment.  702 
Schiötz*s  tonometer.  19 
Schlemm's  canal.  357,  358,  360,  367 
disappearance  of,  485 
laceration  of,  424 
Schmidt   and    Manz's   theory   of  optic   neu- 
ritis. 584 
Schmidt-Rlmpler's  determination  of  refrac- 
tion with  inverted  image,  97 

test  for  simulation,  116 
Schnabel's  theory  of  myopia,  837 
Schools,  myopia  in.  836 
Scissors  forceps,  889.  891,  899,  904 

for  enucleation,  919 

for  Iridectomy  and  iridotomy.  891 

for  strabismus  operation,  917,  919 

movement,  101 
Sclera.  320 

anatomy  of,  320 

changes  of,  in  glaucoma.  484 

changes  of.  in  myopia,  829 

congenital  anomalies  of,  344 

development  of,  381 

diseases  of.  320 

ectasiie  of.  .343 

causing  glaucoma,  492 

inflammation  of,  321 

injuries  of.  326,  781 

nutrition  of.  6 

paracentesis  of,  455,  489.  561,  888 

perforation  of,  in  tenotomy,  927 

physiology  of.  3 

rupture  of.  327.  333 

scars  of.  causing  detachment  of  retina, 
564 

staphyloma  of.  see  Staphyloma 

thinning    of.    in    scleritis    and    staphy- 
loma, 323.  343,  346 

trephining  of,  888 

tumors  of,  348 

ulcers  of,  ,348 
Sclerectomy.  888 
Scleritis,  deep,  280.  283,  322 

posterior.  324 

Kuperflclal.  321 
Sclero-chorloidltls.  324 

posterior.  837 
Scleronyxis.  903.  904 

Sclerosis,  disseminated  causing  eye  disease, 
587,  590,  596,  710,  722,  762,  766 


Sclerosis  of  lens,  496 
nuclear.  516 
total,  516 
Kclerotico-chorloidal  canal,  567 
Sclerotico-chorioidltis  posterior,  837 
Sclerotomia  anterior.  888 

posterior.  888.  889 
Sclerotomy.  489.  561,  888 
Scoop.  Daviel's.  882,  887,  907,  910 
Scopolamine,  59,  370 

for  determining  refraction,  859 
Scotoma,  111.  112 
absolute,  113 
annular.  111,  557,  607 
central.    111.   112,   114,   467,  553.   588. 

593,  607,  790 
color-,  113.  593,  790 
hemiopic  580 
in  chorioiditis,   437 
in  detachment  of  retina,  559 
in  glaucoma,  467 
in  hysteria,   607 
t/[n  retinitis.  542.  553.  588 
in  retinobulbar  neuritis,  588 
in  toxic  amblyopia,  593 
motile,  112 
negative,  113 
paracentral,    467 
peripheral.  Ill,  467 
positive.  112 
relative,  113 
ring-.  607 
scintilians.  45.  606 
Screen  test,  721.  726.  730,  741,  744,  748 
Scrofulous  chorioiditis,  439 
conjunctivitis,  177,  182 
dacryocystitis,  668 
diathesis,  signs  of.  182 
infiltrates  in  cornea,  285 
Iritis.  409 
keratitis,  281,  285 
scleritis.  324 
ulcers  of  lids,  624 
Searching  movements,  765,  766 
Seborrhcea  of  lids,  633 
Seclusio  pupillie,  387,  391.  394,  420 
causing  glaucoma,  394 
treatment  of,  420 
Second  sight,  502 
Sections,  see  Incisions 
Semi-decussation,  575,  578 
Semilunar  fold,  see  Plica  Semilunaris 
Sensory  stimuli,  reaction  of  pupil   to,  369. 

375 
Septic  retinitis.  551 
Septum  orbitale,  616 
Serpent  ulcer,  see  Ulcus  Serpens 
Serpiginous  ulcers  of  cornea,  233,  249 
Serum  treatment,  65 
Sewer  gas  causing  nystagmus,  766 
Shadow  test,  97 

of  cataract.  512 
Shellac  workers,  toxic  amblyopia  in,  592 
Sherrington's  law.  756 
Short-sightedness.  824 
Sideroscope,  330.  339 
Siderosis  bulbi.  337 
Sight,  see  Vision 

Silver    nitrate,    discoloration    produced    by, 
133 
excessive  use  of,  producing  croup- 
ous   and    diphtheritic    conjuncti- 
vltLs.  176 
In  blepharitis  ulcerosa,   632 
in  conjunctivitis,     129,     132,     137. 

138,   143.   147.  158.  175 
in  eczema  of  face,  184 
in  eczema  of  lids,  622 
in  trachoma.  158 
in  ulcers  of  cornea.  242 
method  of  application  of,  129,  132 
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Silver  BtlFWic,    uiiionale  of  action   in   con- 
junct Iva  1  disease,  132 
fipu^ClIlr  iiütlon  of,  Ö4 
Sflr^r   »ahit,    new,    133 
Simulation  of  blindness,  116 
SlnBl«^  vision,  binocular,  685 
Slnultls,  46,  787 

eaiialQK  retrobulbar  neuritis  and  paraly- 
se». IJBO 
glntiH,  cavernouB«  thrombosis  of,  777 
of  ftiit^rli>r  chamber,  357,  300 
v^Qoeuj^  Mclpra?,  357 
ßlnnseft,  accpaaory,  disease  of,  46,  589,  787 
Btnusm«,  787 

glte  of  leAlrin   ciiiiBlng  paralysis,  how  ding- 
Don  tk-n  ted,  721 
of  opacity,  how  diagnosticated.  92 
Siith   n(?rTf?.  see  Abducens  Nerve 
Sklagmms  in  case  of  foreign  bodies,  330 
Skiascope,    lOO 
Skiascopy,  07 

Skln-graftltajc  for  ectropion.  948 
Skin  {or  «t»n*jory)  reflex,  369.  375 
Sknllp    frarriirc   of,    causing   ecchymosls    of 
lids,  058 
t^auslue  optic-nerve  atrophy,  595 
ra\iiKln»f   paralysis   of  eye   muscles, 
72:t 
l»pttk«Hl  (fjr  tower),  587 
Smallpr^jc     ftirnn^rly    a    frequent    cause    of 
hUmlnfHfc,  261 
prüdncloa  conjunctivitis,  187 
IHtK    414 
opttc  neuritis,  588 
«jrbltnl  cellulitis,   775 
ininilent  chorioiditis,  449 
ulen»  serpens,  253,  261 
vUlllpo  Iridis,  397 
Smith's«   exlracUon   of   cataract   in   capsule. 

Ö1S 
äneezlng  critisi'd  by  photophobia,  42 

how  to  prevent,  53 
Soellen  s  mask.  S72 

opera tfoo   r«iF  symblonharon.  205 

for  tHrlilasls,  9;t7.  ?>3S 
reform  Ärürirlal  eyes.  931 
suture  for  Pttroplon.  945 

for  ctilrcjplon.  945 
tcflt  types,  SO  4.  807 

fftr  dcti*t'ting  simulants,  117 
Baow  hllndiM'Ss,  24.  196 
Soap  In  blephnHtU.  632,  633 
8oetiim«i^rlng'i9  crystalline  swelling.  910 
Stound  eyi?,  atroplaization  or  bandaging  of. 
Ir»     sqnlur     to     enforce     fixation     in 
squinting  oye.  735,  736.  761 
how  protect  Hi  in  contagious  conjuncti- 
vitis, 14:2.   175 
when  rpqiilHng  enucleation,  933 
SouDdtng.   IITO,   676 
SonndA,  lachrymal.  670,  671 
Sophol.  133 

Spuee,  clrcnmlontnl    496 
toterva«rLEiiil.  16.  572 
orientation  In.  684 
percept  Ion,   theory  of.  697 
perlchorloldnL  15 
sense»  104 
subararhnol'l.  572 
sufMluraK  r*7*2 
MtpraragfnnU  16 
T<»n<^»'s,  15,  770 
Tlstl«L  R97 
Q,  t^njisgate,  763.  764 
of  accoiODit>dation,  866.  867 
of  retinal  arteries,  549 
of  converR^nt^.  752,  763 

of    lids.    S4H>    nUSPHABOSPASM 

of  inuacutus  tarsalis  superior,  656 
of  ocular  mußcles,  724,  759,  763 
of  orhlculartEi.   see  Blepharospasm 


Spasmus 

Spatula, 

Spectros 

Specula, 

Sphere, 
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Spherlcf 

Sphlnct< 
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BtoTaine.  62 

Strabismus.  703.  730.  742 

alternans  (alternating).  732,  737.  745 

apparent.  738 

binocular  nature  of,  741,  757 

concomitans  (comitant),  730,  743 

constant.  732 

continuous,  743,  753,  755,  756.  758 

converKcns,  732.  733.  742.  751,  761,  922 

deorsumvergens,  738,  742 

development  of,  728,  732,  750.  752,  755, 
756,  758 

differentiation    of,    from    beterophorln, 
744 

diplopia    in,    731,    738,    753,    756,    75S, 
750 

divergens.  732.  734,  742.  754,  755,  761. 
922 
developing  from  convergent  squint. 
736 

dynamic,  727 

etiology  of.  732,  862 

excursion-range  of  eyes  in.  741 

beadtiltlng  in.   741 

intermittent,  738 

latent,  727 

manifest,  732 

measurement  of,  730,  740 

operation  for.  736.  742,  761,  917 

paralyticus.  703 

periodic,  732,  733,   743.   752.   755.   750. 
758 

primary    and    secondary    deviation    in. 
731 

spontaneous  cure  of.  733.  734 

suppression  in,  731 

sursumvergens.  738.  742 

symptoms  of.  731.  738,  759 

temporary.  733,  737 

treatment  of,  735,  760 

unilateral,  732 

vertical,  738.  742.  758 

vision  In,  731,  738,  739 
Strabismus  forceps.  919 
Strabismus  hook,  917.  919 
Strabismus  scissors.  917,  !»19 
Stramonium  producing  toxic  amblvopia.  594 
Streak,  reflex,  80 

Streptococcus   causing   acute   conjunctivitis, 
131.  170,  177 

causing  purulent  chorioiditis  and  retin- 
itis, 405 

in  diphtheria.  170 

in  normal  conjunctival  sac,  31 
Streptothrix,  075 
Stroma  pigment,  304 
Strychnine,  64,  200,  557,  591,  593 
Sty.  634 

Subarachnoid  space,  572 
Subconjunctival  ecchymosis,  207,  209 

emphysema,  209 

injections.  63,  243,  254.  283,  333.  417, 
439,  500 

oedema.  207.  208 
SubConjunctivitis.  326 
Subdural  space,  572 
Subhyaioid  hemorrhage,  545 
Sublimate  as  antiseptic,  871,  883 

in  trachoma.  160 

injections,  63 
Subtarsal  groove,  see  Sulcus  Subtauhalis 
Suffuslo.  526 

Sulcus  subtarsalls,  122.  105 
Sulphonal  causing  nystagmus.  766 
Superclllum.  610 
Supertractlon  crescent,  442 
Suppression    (or  exclusion)   of  Image  In  di- 
plopia, 707,  731,  746,  750 
Suppuration  after  eye  operations,  880 
Snpracborlold,  361 
Suprarenal  extract.  ({2 


Suprarenin,  62 
Supravaginal  space.  Itt 
Suspensory  ligament  of  lens.  496 
Suture,  (talllard's.  for  entropion.  944 

Snellen's,  for  ectropion,  945 

Snellen's,  for  entropion.  945 

tobncco-bag,  311 
Sweet's  apparatus,  338,  339 
Symblepharon,  202 

anterius,  202 

posterius.  155,  202 

prevention  of.  in  diphtheria  and  wounds 
of  conjunctiva,  175,  196 

totale,  202 
Sympathectomy,  18,  433 
Sympathetic  chorioiditis,  414 

Inflammation      (or     ophthalmia).     404, 
411,  414,  419,  421 

Irldo-cvclltis,  404,  411.  414,  419,  421 

Irritation  of  eye,  411,  415 

optic  neuritis.  414 
Sympathetic  nerve.  Irritation  of,  431 

paralysis  of.  432 
Symptoms  of  eye  disease,  42 
Synchysis  iM)rporl»  vitrei,  533 

scintlllans.  535 
Syncope  associated   with  arterial  pulsation 

in  retina.  88 
Synechia,  annular  posterior,  386,  394.  420 

anterior.  238,  298 

anterior,  occurring  without  perforation 
of  cornea,  303 

peripheral  anterior.  484 

posterior.  SS.l.  :«n.  393.  394,  416.  420 

total  posterior.  38S.  ,194,  420 
Syphilis,  hereditary,  signs  of,  275,  281 
Syphilitic  chorioiditis.  439 

disease  of  lachrymal  gland,  674 

disease  of  nose  causing  chronic  dacryo- 
cystitis. or,s,  075 

disease   of  skin   causing   eonjunctlvltls, 
188 

headache,  47 

iridoplegla.  .'57."» 

iritis.  407.    113.  430 

keratitis.  204.  275,  281 

mydriasis.  .'(7.*) 

optic  neuritis,  585 

paralysis  of  acconimmlatlon,  «05 

paralysis  of  ocular   muscles,   7H>.   722, 
805 

periostitis.  774 

retinitis,  552 

scleritls.  324.  348 

tarsitls,  039 

ulcers  of  conjunctiva,   194 

ulcers^of  lids,  (J24 
Syringe,   Anel's.  0«W 

McKeown's,  910 
Syringomyelia,  433,  700 


T 

TalM>s,  Argyll  Uol)ert son  nupil  in.  375,  .'>90 
causing    paralysis   or   eye   muscles   and 

ac<*omniodation,  710.  722,  805 
causing  paralysis  of  sympathetic.  433 
causing  slm|)le  atrophy  of  optic  nerve. 

590 
miosis  in,  375,  590 

Tablets  for  eye,  57 

Tachlol,  133 

Tangent  plane.  109,  407.  713,  714.  72(» 

Tannin,  137 

Tapetum  of  the  Carnivora.  82 

Tar  preparations  in  blepharitis  and  eczema,. 
633 

Tarsal  arches,  inferior  and  superior,  121 
muscles.  614,  617.  618,  656 

Tarsitls  syphilitica,  639 
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TaiKon  hn]rh>\  VI41,  946  I«^*^™ 

Inrrrrtl.  iHl  Tessellal 

inrnijin.  !M1^  Test,  dli 

teinpornry.  043  equl 

TaratiH.  014  flxa 

ills™ SPS  of,  639  for 

f'St'iwIüD  of,  159,  168,  938  lanl 

fttrnlgli telling  of.  937,  938                                ^  of  1 

TattüolDji  üf  ciirnea.  302.  305,  318,  895  of  1 

Tattooing  needles,  302  of  < 

Teöli^'s  aperatlon  for  Symblepharon,  205  of  < 

Tear  duct,  n^y  Lachrymal  Duct  of  < 

Tears,  bjntrrl filial  action  of,  30  of  < 

eomiioHitinn  of,  665                                        *  of  i 

con  I  hut  kill  of.  to  nose,  666  of 

«ecretlon  of,  665  n 

Ab^H^nt  and  deficient,  678  of  i 

excessive.  678  of  ' 

In  Äi^rnsls.  207  of 

T^ftr  sae,  s^e  Lachbymal  Sac  par 

T«!eth,  {"liaTBctf'r  of,  in  lieredltary  syphilis,  rea< 

270  red 

rhnrnrtii^r  at.  in  rickets.  509,  510  sen 

tllt^i-asr'  iif  ( ausing  orbital  cellulitis,  776  tisa 

Te!iMiü|>^la.  mn  typ 

Telan^jifftasis,  tl59.  784 

Temperature*  action  of,  53 

of  py^,  ß 
Tendon  reseetlon,  925 

tiieking,  ft25 
Teneetomy^  ft^r» 
Tenunltlrt,    fi2T*    777 
Tenon"»  cnpsüiile,  679,  770 

advant'ement  of,  925 

lat^nmmation  of,  627,  677 

HpaciOt    in,    770 

Tenotomy,  mi.  924  wit 

oei'iilcntR  lifter.  927  woi 

and  ndTBnc-ement  compared.  920  Testing. 

Ullattvrftl^  when  indicated.  926  rou 

diplopia  after.  739  8 

effect  of,  Ö18,  926  rou 

how  diminished,  926  Tetany 

how  estimated,  917  cau 

exopbthalmus  after,  927  Theobal 

final   Ti^müi  of.  926  Thermo- 

book.  f>l7.  019  Thermoi 

how  eetlnir.  918.  920,  925  Thierse! 

ni  effects  of.  736.  920.  926.  927  Third  n 

IndleatloQH  for.  729,  736,  742,  922,  923,       Thiuret 

ft24  Thomso; 

iDBtrumentJi  for,  919  6 

partlnl.  1>2n  woi 

repenlf^d,    unadvisable.   926  Thread 

ret  met  Ion  of  lid  after.  927  Thromb 

Hfissora.  917.  919  of  < 

«tnlctnff  In  of  caruncle  after,  927  Inrush 

Tension*  Intra -ocular,  19  Thyreoi« 

diminution  of.  240.  326.  371.  389,  395,       Thyroid 

402.  4f>4,  564.  622.  781  Tie  con^ 

hiiw  affected  by  miotics  and  mydriatics,       Tinctun 

18,  aio.  371  Tissue-F 

lnereafl!>  »f.  causing  ectasia  of  sclera.       Tobacco 

34  E»  Tobacco 

tiow  rn  using  mydriasis.  478  Todd's  < 

how  produced  in  glaucoma.  14,  470       "  Toilet 

In    Hiponlc  irldo-cyclitls.  389,   391,  907 

302,  410  Tonoger 

In  glaucoma.  469  Tonome 

Iti  Hriirs  of  cornea,  298  Torpor  ; 

In  ficlciltls.  323  Torsion, 

in  Riaphyloma  of  cornea,  309  in  ] 

In  tniiimatlc  cataract,  520  mei 

I»  tumors  of  the  eye,  453.  455.  564       Tortlcol 

why  reduced  by  iridectomy,  488  tions. 

In  ryclüls,  389,  410  Toti*s  o 

In  dHacbmimt  of  retina.  455,  564  Toxic  a 

In  parenchymatous  keratitis,  280  cat 

mensiyiement  of,  19,  77  neu 

Tenner  tarsi.  017  par 

rhfirloidf?»,  356  Trabecu 
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Trachoma,  148 

acute,  153,  164 

Anatomical  charactera  of,  149,  104 

Arltl.  165 

complications  of.  151 

complications  of,  treatment  of.  160 

connection    with    follicular    conjanctl- 
vltls.  170 

connection  with  gonorrhoea,  164 

course  of,  152 

dissemination  of.  157 

ectropion  in,  155 

endemic    in    Europe    from    the   earliest 
times.  163 

entropion  in.  155,  161 

efWdemic.  162 

etiology  of,  157.  164 

expression  in.  159 

fofliculare.  165 

gelatinous.  167 

geographical  distribution  of.  157 

granular  form  of.  150,  165 

granuIoBum,  165 

history  of,  162 

microbe  of.  147.  164 

mixed  infection  in.  164 

mixtum,  165.  167 

of  lachrymal  sac,  675 

opacities  of  cornea  in.  156 

operations  for,  159 

pnnnus  in.  151,  161.  168 

papilläre,   10.*» 

papillary  form  of,  149.  165 

pro|>hylaxIs  of,  162 

ptosis  In.  170 

s»»(iu»'lip  of.   154 

sequohe.  treatment  of,  161 

Ktntlstics  of.  163 

Symblepharon  in,  155,  162 

symptoms  of.  148,  152 

tarsus  in.  168 

treatment  of,  158 

trichiasis  in.  155.  161 

ulcers  of  cornea  in.  152,  160.  247 

varieties  of,  149,  165 

verum.  165 

xerosis  in.  156,  162 
Tract,  optic.  574 

hemlopla.  723 
Transfixion  of  iris,  899 
Transillumination,  95.  455 
Transparency  of  cornea,  how  produced.  4 
Transparency  of  media,  how  determined.  92 
Transplantation  of  conjunctiya.  249,  292 

of  cornea.  .305,  313 

of  pterygium,  200 

of  /.one  of  hair  follicles.  935 
Treatment  of  eye  diseases  in  general.  61-67  ; 

see  also  special  varieties 
Tremor  of  eye,  kinds  and  cause  of,  765 
Trephine,  corneal.  ,305,  318.  318 
Trephining  of  cornea.  305.  313,  318 

of  sclera  for  glaucoma,  888 

of  skull  for  optic  neuritis,  586 
Trichiasis,  630.  6,39 

development  of.  in  trachoma.  1,^5.  640 

operations  for,  933 
Trlchophytla  of  lids,  633 
Trichromat  es.  604 
Trochlea.  681 
Trochlear  nerve,  695 

nucleus  of.  695 

paralysis  of,  708,  712,  713,  717 
Tropocalne.  62 
Tropometer.  693,  720 

Tscherning's  theory  of  accommodation,  812 
Tuberculin   in  diagnosis  and  treatment,  66, 

184.   19.3.  4d.8 
Tuberculosis,    'diagnosticated    by    injections 
into   rabbit's  eyes,   429 


Tuberculosis    of    brain    causing    optic    neu- 
ritis, 587 

of  chorloid,  37.  4.39,  457 

of  ciliary  body,  430 

of  conjunctiva.  185,  188.  192 

of  cornea,  37 

of  iris,  37,  411,  426,  429,  430 

of  lachrymal  gland.  674 

of  lachrymal  sac,  675 

of  lids,  624 

of  optic  nerve.  595 

of  orbital  wall  and  margin,  774 

of  sclera,  324,  348 

producing  paralysis  of  sympathetic,  438 
Tumor  cavernosus  of  lids,  659 

lacrimalis.  667 
Tumors   of   brain    producing   optic    neuritis 
and  atrophy.  583.  586,  590 

of  chorloid.  453 

of  ciliary  body,  425 

of  conjunctiva.  209 

of  cornea.  319 

of  eyeball,  causing  glaucoma,  453.  455, 
492.  564 

of  eyeball,  causing  irido-cyclitis.  456 

of  eyeball,  enucleation  for,  930 

of  iris,  425 

of  lids.  6.'>8 

of  optic  nerve.  595 

of  orbit,  783.  932.  941 

of  retina,  564 

of  sclera.  348 
Tunica  vasculosa.  9 

lentis,  ,370 
Tylosis.  630,  634 
Typhoid  causing  Iritis.  414 

causing  orbital  cellulitis.  775 

causing  purulent  chorioiditis.  449 
Tyrrels  hook,  891.  894,  905 

V 

Ulcer  (of  conjunctiva).  102,  194 
(corneal).  225,  233 
asthenic.  234 
atheromatous.   249 
bacteria  of.  245 
catarrhal.  129.  132,  247 
causing  infection  of  eye,  240,  447 
central  non-Irritative,  247 
cicatrization  of.  227.  230,  235,  237 
cleansed.  226,  227,  236 
coated,  225 
course.  225.  230,  233 
dendritic,  248 
diagnosis  of.  227,  230 
diphtherial,  247 
eczematous.  246 
etiology  of.  241 
forms  of,  225,  246 
foul.  225.  227.  2.33 
glaucomatous.  249 
gonorrhoea  I.  247 
healing  of.  230 
herpetic.  248 
infiltrated.  225 
marantic,  249 
marginal.  247 
paracentesis  of.  243 
perforation  of,  235 
pneumococcus.  255 
primary,  241 
prognosis  of.  246 
progressive.  225,  227,  233 
regressive.  226,  227,  234 
rodent,  248 
secondary.  241 
serpent,  see  Ulcis  Sbspkns 
serpiginous.  233.  249 
signs  of.  226.  230 
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mc^T,   stellate,   248 

flf mptoms  of,  233 

torpid,  284 

trachomatous,  152,  160 

trHumatlc,  247 

treatment  of.  242,  240,  249 

varieties  of,  246 

variolous.  2R8.  261 
Ulcer  (Of  lids),  624 

rodent,  660 
Ulcers  of  sclera.  348 
UlmiH  corues  rodens,  248 

cornee   septlcum,    corneie    serpens,    see 
Ulcus  Serpenb 

rodens  (comes),  248 

rodens  (of  lids).  660 

fl^pticum  (corneie),  see  Ulcus  Serpens 

»«•rpens  (corner).  6,  250,  471 
Ultrn-vlolet  rays,  effect  of,  on  eye,  23 

treatment  with,  55 
ünEueotum    emolliens    In    blepharitis,    632. 

im 

Ungnls,  258 

Ura^mtc  amaurosis,  550 

headache.  46 
Uvea,  8,  349 

anatomy  and  physiology  of,  349 

circulation  of.  9,  364 

condition  of,  in  glaucoma,  484 

Inflammation  of,  after  operations,  880 

nit^tabollsm  of.  9 

nerves  of,  363 
Ureal  cllvlslon  of  cornea,  219 

nlj^ment.  364 
UTeUtiu  anterior,  272,  285 
Uveo  ficlerltis.  .^24 


Tncetnation    causing    purulent    chorioiditis. 
449 

diminishing    blindness    from    smallpox. 
201 
Vaccina  ulcers  in  conjunctiva,  194 

ulcers  of  lids.  624 
YaglQitis,    non-specific, 

vUU,  145 
Vnlk'B  operation.  925 
Vühies  of  colors.  603 
Valve,  Hasner*s,  666 

Valvi?  Hke  closure  of  wounds  In  oblique  in- 
cisions, 882 
Tan  Mlllingen's  operation  for  trichiasis.  9.19 
Vapor,  hot  application  of,  54.  245.  277 
Vasa  byaloidoa.  378 
%*aBcular  fasciculus,  179,  186,  247 

funnel,  85 
Vnsoilnrlzation  of  cornea  in  keratitis.  6.  227 
Vi-in,  central,  540,  573 

central,  thrombosis  of,  549 
Vein»,  ciliary,  367 

opticociliary,  368 

retinal,   how  distinguished   from   arter- 
ies, 85 
V^na  centralis  norvi  optici,  540 
VeoiB  vorticosip.  361.  .167 
VenoiiR  pulse  in  vessels  of  optic  nerve.  86 
Verho^^ff «  astigmatic  chart.  853 

method  of  advancement,  921 
Vcrnftl  catarrh,  189 
V<*H1)Jo.  47-50,  706.  724,  759.  767 
Veslcl*.  ocular,  primitive.  376 

oriilnr,  secondary.  376 
VesJt-li^s  upon  cornea.  2(J8 
Ve«lci!3ar  catarrh  of  conjunctiva.  132 

keratitis,  209 
Vessels  of  chorlo'd.  etc..  see  Blood-vessels 
Violet  t)llndnes8,  600.  002 
VIsloTk  after  cataract  extraction,  910 
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